
From: Christopher Schofield <schofieldfamily4@gmail.com> 

Sent: Friday, July 20, 2018 5:05 PM 

To: NM Unit EIS 

Subject: Gila river 

 

To Whom It May Concern: 

I am writing this letter to express my concern about the proposed plan for infrastructure and diversion of the 
Gila river. I live and farm in this beautiful valley, with my homestead along side the ditch. I am concerned that 
the proposed plan of action to increase the size of the ditch will leave my current house extremely close to 
the new waterway. Furthermore, I admire the species of trees, birds, flora, and fauna and decided to buy 
land here, coming from Canada, because of this special microclimate and ecosystem along side the ditch. The 
birds, that many come to watch along side the ditch, are plentiful and many are endangered species.  



From: Katie Stone <katie@stone.com> 
Sent: Tuesday, June 12, 2018 7:19 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Please accept my comment regarding the Gila River diversion project. This amazing river is already 
drying and serves an incredibly important purpose as a wild river. It is home to flora and fauna which are 
rare and endangered. The project will kill those species. The river is one of the last wild rivers in the 
southwest and is loaded with unexcavated archaeology sites dating back thousands of years. Those 
would be at risk from this project. The diversion project is a terrible idea conceived by those who wear 
blinders about global warming’s impact on this region. The Gila is at critical fire danger every summer. 
The river acts as a firewall. It could not be a protector if this project goes forward. As a citizen of New 
Mexico I wholly oppose this project. Scrap it. Find your water elsewhere. Let the Gila River remain wild.  
 
Sincerely, 
 
Katie Stone 
2425 Teodoro NW 
Albuquerque NM 87107 
Katie@stone.com 
 
 



From: Jean Public <jeanpublic1@yahoo.com> 

Sent: Monday, June 18, 2018 3:47 PM 

To: NM Unit EIS; information@sierraclub.org; info@pewtrusts.org; 
humanelines@hsus.org; info@peta.org; info@idausa.org; 
info@cok.net; info@nyclass.org; scoops@huffpost.com; 
contact@thedodo.com 

Subject: Fw: public COMMENT on federal register 

 

this plan makes no allowance for the fact that birds, wildlife, all animals need to have access to water. 
that is why god made rivers. i note that with the human demand for everythign and all, that the animals 
seem to be completely neglectedc in this plan. we want them considered as having rights to drink water 
too. all of the species. this comment is for the publci record please receipt. jean publiee 
jeanpublic1@yahoo.com 
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Notice of Intent To Prepare an Environmental Impact Statement,  

New Mexico Unit of the Central Arizona Project; Catron, Grant, and  

Hidalgo Counties, New Mexico 

 

AGENCY: Bureau of Reclamation, Interior. 

 

ACTION: Notice of intent; request for comments. 

 

----------------------------------------------------------------------- 

 

SUMMARY: The Bureau of Reclamation (Reclamation), as the lead Federal  

http://www.gpo.gov/


agency, and the New Mexico Interstate Stream Commission (ISC), as joint  

lead agency, intend to gather information necessary for preparing an  

Environmental Impact Statement (EIS) to evaluate the effects of the  

construction and operation of a New Mexico Unit (NM Unit) of the  

Central Arizona Project (CAP). Reclamation and the ISC will work with  

land owners that may be impacted by construction and operation of the  

NM Unit. Reclamation and the ISC will evaluate and disclose the  

potential environmental effects on these lands to determine consistency  

with any applicable land use plans or other guiding documents. This  

notice also opens public scoping to identify potential issues,  

concerns, and alternatives to be considered in the EIS. 

 

DATES: Comments on the scope of the EIS are due 30 days after  

publication of this notice in the Federal Register. 

    Eight public scoping meetings will be held to solicit comments on  

the scope of the EIS and the issues and alternatives that should be  

analyzed. The dates and locations of the scoping meetings will be  

announced at least 15 days in advance through local media, newspapers,  

and the project website at: https://www.nmuniteis.com. At the time of  

this publication, the dates and locations of the scoping meetings will  

be on the project website. 

 

ADDRESSES: Send written comments on the scope of the EIS to the Phoenix  

Area Office, Bureau of Reclamation (ATTN: NM Unit EIS), 6150 West  

Thunderbird Road, Glendale, Arizona 85306, or by email to  

NMUnitEIS@empsi.com. If emailing comments, please use ``NM Unit EIS''  

as the subject of your email. 

 

FOR FURTHER INFORMATION CONTACT: Mr. Sean Heath at (623) 773-6250, or  

by email at NMUnitEIS@empsi.com. Additional information is available  

online at https://www.nmuniteis.com. 

 

SUPPLEMENTARY INFORMATION: Pursuant to the National Environmental  

Policy Act of 1969, as amended (NEPA), 42 U.S.C. 4231-4347; the Council  

on Environmental Quality's Regulations for Implementing the Procedural  

Provisions of NEPA, 40 CFR parts 1500 through 1508; and the Department  

of the Interior's regulations, 43 CFR part 46, Reclamation and the ISC,  

as joint lead agencies, intend to prepare an EIS on the NM Unit of the  

CAP. The Proposed Action would develop a NM Unit of the CAP to permit  

the consumptive use of Gila River water, diverted in accordance with  

the Consumptive Use and Forbearance Agreement (CUFA), and pursuant to  

the terms of the Arizona Water Settlements Act, Public Law 108-451  

(AWSA). 

 

Background 

 

    The Colorado River Basin Project Act of 1968, Public Law 90-537, 43  

U.S.C. Ch. 32, as amended by the AWSA, authorizes the Secretary of the  

Interior (Secretary) to contract with water users in New Mexico for  

water from the Gila River, its tributaries and underground 
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water sources. New Mexico may divert, in any period of 10 consecutive  

years, up to an annual average of 14,000 acre-feet, including a maximum  

of 4,000 acre-feet per year that may be diverted from the San Francisco  

River pursuant to the CUFA and the NM Unit Agreement. Use of this water  

https://www.nmuniteis.com/
mailto:NMUnitEIS@empsi.com
mailto:NMUnitEIS@empsi.com
https://www.nmuniteis.com/


under the AWSA is conditioned on satisfying a variety of laws and  

agreements related to its use in New Mexico and Arizona. These laws and  

agreements generally require that additional CAP water be delivered to  

the downstream users in Arizona to replace diversions in New Mexico  

under the AWSA and the CUFA. 

    A NM Unit is the infrastructure that would divert Gila River water  

in New Mexico for this purpose. The AWSA contains specific requirements  

for the Secretary regarding the possible construction, operation, and  

maintenance of a NM Unit on the Gila River. 

    The Secretary is authorized to design, build, operate, and maintain  

a NM Unit. A NM Unit is defined in the New Mexico Unit Agreement, which  

the Secretary executed on November 23, 2015. The Secretary is directed  

to carry out all necessary environmental compliance required by Federal  

law in implementing the CUFA and the New Mexico Unit Agreement.  

Reclamation and the ISC are the joint lead agencies for environmental  

compliance regarding the Unit pursuant to Section 212(h) of the AWSA. 

 

Purpose and Need for Action 

 

    The purpose of the Proposed Action is to develop a NM Unit of the  

CAP to allow for consumptive use of water from the Gila River, its  

tributaries or underground water sources in southwestern New Mexico,  

diverted in accordance with the CUFA, and pursuant to the terms of the  

AWSA. The water developed via a NM Unit pursuant to the AWSA and the  

CUFA is for the benefit of the New Mexico CAP Entity. 

    The needs for the Proposed Action are as follows: (a) To develop  

water for delivery at the times, locations, and in quantities that will  

improve agricultural use within the Cliff-Gila, Virden, and/or San  

Francisco River valleys; and (b) to provide capability for future  

expansion for the beneficial purposes authorized by the Colorado River  

Basin Project Act of 1968 and the AWSA. The Proposed Action identified  

in this EIS is needed for agricultural use and does not include or  

preclude the independent development of subsequent projects to address  

these future needs; however, future projects involving water developed  

pursuant to the AWSA and the CUFA will be subject to all environmental  

compliance required by law. 

    Reclamation has concluded that an EIS is required for the proposed  

project, pursuant to the statutory requirements of the AWSA. The EIS  

will evaluate direct, indirect, and cumulative effects of the Proposed  

Action. In addition, the EIS will include a No Action alternative. For  

purposes of analysis and scoping, the No Action alternative represents  

the conditions that exist in the absence of the Federal action. It will  

provide the basis for comparison with the Proposed Action that includes  

the construction and operation of a NM Unit. 

 

Proposed Action 

 

    The NM Unit would be a water diversion, storage, conveyance, and  

delivery system for agricultural use and to provide capability for  

future expansion for other beneficial purposes as authorized by the  

Colorado River Basin Project Act of 1968 and the AWSA. The study area  

for the EIS comprises portions of Catron, Grant, and Hidalgo counties  

in southwest New Mexico. The Project would divert AWSA water from the  

Gila River or its tributaries in New Mexico pursuant to the provisions  

of the AWSA and the CUFA, convey it for storage in off-stream storage  

sites in the Upper Gila Valley, along the San Francisco River and in  

the Virden Valley, and deliver it to the target water users. The  



Proposed Action would only use a portion of the 14,000 acre-feet  

allowed under the AWSA, while not precluding the future development of  

the full amount. The exact amounts of water that would be diverted are  

unknown at this time and will be determined as the Proposed Action is  

refined prior to the publication of the Draft EIS. The Proposed Action  

includes diverting, conveying, and storing other water rights, except  

for Globe Equity water rights. Possible components of the NM Unit  

include the following: 

     A surface water diversion structure on the Gila River, in  

the Cliff-Gila Valley; 

     Storage ponds in the Gila River floodplain and in a side  

drainage of the Cliff-Gila Valley, providing approximately 4,000 acre- 

feet of storage; 

     Aquifer storage with recovery wells in the Cliff-Gila  

Valley; 

     Gravity flow and pumped delivery of diverted water to  

storage facilities in the Cliff-Gila Valley; 

     Pumping facilities associated with delivery of stored  

water in the Cliff-Gila Valley; 

     Ditch improvements, including increased capacity and  

lining of about one-third of existing ditches in the Cliff-Gila Valley; 

     Surface storage ponds in the Gila River floodplain or side  

channels, providing approximately 500 acre-feet of storage in the  

Virden Valley; 

     Improvements to existing ditches for water conveyance in  

the Virden Valley; 

     Pumping facilities associated with delivery of stored  

water in the Virden Valley; 

     A surface water diversion structure on the San Francisco  

River, near Alma; 

     Pumping facility for delivery of diverted water to the  

proposed reservoir near Alma; 

     Conveyance (i.e., open ditch, box culvert, or pipeline)  

construction and improvements to existing ditches for water conveyance  

from a proposed diversion on the San Francisco River; 

     Construction of an approximately 1,900 acre-foot off- 

stream reservoir near Alma, to store water diverted from the San  

Francisco River; 

     Construction of water conveyance facilities from the  

reservoir to points of use. 

    Reclamation and the ISC will use the public scoping period,  

previous studies, and stakeholder input to fully identify the range of  

potentially significant issues, actions, alternatives, and impacts to  

be considered in the EIS. 

    Resource areas analyzed in the EIS may include air quality;  

cultural resources; geology and soils; hazardous substances and waste;  

land use; noise; socioeconomics; recreation; utilities and  

infrastructure; vegetation; water; wetlands and floodplains; fisheries  

and wildlife; and special status species. The range of issues and  

alternatives addressed in the EIS may be expanded or reduced based on  

comments received in response to this notice and at the public scoping  

meetings. Additional information is available by contacting the person  

listed in the FOR FURTHER INFORMATION CONTACT section of this notice. 

 

Principles, Requirements, and Guidelines 

 

    As part of the environmental analysis process, the Federal  



Principles, Requirements, and Guidelines for Water and Land Related  

Resources Implementation Studies (PR&Gs) will be applied to examine the  

various technical, economic, hydrologic, recreation and ecosystem  

services considerations of each alternative, as well as a No Action  

alternative. The requirements of a PR&G analysis are unique to that  

process and are not included in the Council of Environmental Quality or  

Department of 

 

[[Page 27349]] 

 

the Interior NEPA implementing regulations. Additional information  

regarding the PR&Gs is available online at the website provided in the  

FOR FURTHER INFORMATION CONTACT section of this notice. 

 

Cooperating Agency Status 

 

    If, based on the Proposed Action, your agency believes it has  

special expertise or jurisdiction by law, as defined in 40 CFR 1508.15  

and 1508.26, please respond within 30 days of the date of publication  

of this notice to the person listed in the FOR FURTHER INFORMATION  

CONTACT section of this notice. 

 

Special Assistance for Public Scoping Meetings 

 

    If special assistance is required at the scoping meetings, please  

contact Mr. Sean Heath at (623) 773-6250, or email your assistance  

needs to NMUnitEIS@empsi.com, along with your name and telephone  

number. Please indicate your needs at least two weeks in advance of the  

meeting to enable Reclamation to secure the needed services. If a  

request cannot be honored, the requestor will be notified. 

 

Public Disclosure 

 

    Before including your address, phone number, email address, or  

other personal identifying information in your comment, you should be  

aware that your entire comment--including your personal identifying  

information--may be made publicly available at any time. While you can  

ask us in your comment to withhold your personal identifying  

information from public review, we cannot guarantee that we will be  

able to do so. 

 

    Dated: June 7, 2018. 

Terrance J. Fulp, 

Regional Director, Lower Colorado Region. 

[FR Doc. 2018-12575 Filed 6-11-18; 8:45 am] 
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From: David Belford <dbelford1@gmail.com> 

Sent: Tuesday, June 26, 2018 5:38 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

To Whom It May Concern, 

 

I am very concerned about the proposed Gila River diversion project for a number of reasons, not least 
of which is potential changes that could affect portions of the Gila Wilderness. We have so few areas in 
the country that are relatively pristine that we should be very careful about changes that could impact 
these areas, if not in the short run, certainly in the long haul. 

 

In addition, from everything I’ve read on both sides, this project appears ill-defined in many respects 
and sounds too much like other projects that benefit only a few and place a huge tax burden (something 
New Mexico already struggles with) on New Mexico citizens when the cost of projects are seriously 
under estimated. 

 

I don’t see how we can even begin to offer proper input when there are so many questions about details 
related to costs, specific uses, and amounts of water to be diverted (along with a timetable where 
applicable). 

 

I hope that alternatives to diversion will be seriously considered and that no decisions will be made until 
we have the facts and that all impacts will be considered. 

 

Respectfully submitted, 

 

David Belford 

Albuquerque, NM 



From: Philip Ratcliff <skazz999W@hotmail.com> 
Sent: Wednesday, June 27, 2018 11:10 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
I have brief remarks about this harmful diversion project: 
 
The BOR must assess environmentally friendly diversion alternatives to the proposed action to ensure 
that threatened and endangered species and riparian habitat are not adversely affected. • Water needs 
can be met cost-effectively by implementing non-diversion alternatives. You can immediately spend the 
$66M from the AWSA on priority community water projects that will meet your needs far into the future 
without building a costly Gila diversion requiring massive ongoing public subsidy to benefit very few.  
Thank you for considering my comments. 
 
                                                             Philip Ratcliff 
                                                             4665 Tragen Ct. SE 
                                                              Salem OR 97302 
 
Sent from Mail for Windows 10 
 

https://go.microsoft.com/fwlink/?LinkId=550986


From: Breawnna Wunder <breawnnawunder@gmail.com> 

Sent: Wednesday, June 27, 2018 8:47 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

To Whom it May Concern: 

 

I am disheartened to hear that NEPA is still considering diverting the Gila River. We are lucky in this state 
to have the first and one the largest wilderness areas in the US and one of the last free flowing rivers in 
this state. I am a young New Mexican who moved here because of the wild and free Gila River. I would 
be heart broken to see it change. We need to protect our natural water resource and not divert the Gila 
River.  

 

The proposals by the NEPA are insufficient and incomplete and make it hard for the community to 
comment on the diversion project. Regardless, the damage to our most precious resource water must 
not be changed. What are the EXACT specifics of this horrible construction project? I do not want to see 
the river polluted with concrete or plastic. I do not want to see large ditches being made or wilderness 
or national forest areas changed. This is harmful not only to myself and those who enjoy the woods but 
also the endangered spices in the national forest.  

 

I question the actual net benefit of building or diverting the water. What are the EXACT specifics of how 
much money the state will actual make? I feel that likely the project will be very expensive for NM and 
will only result in a loss in terms of tourism and hunting in the area. If we divert the water and animals 
are lacking we will destroy one our ecosystem and ecotourism draws to the state.  

 

Please stop this ridiculous proposal. We don't want it as New Mexicans. We are all here for the wild land 
and freedom the Gila River offers.  

 

Breawnna Wunder 

Po Box 521  



Ramah, NM 

87321  



From: Elizabeth Dyer <ed71558@gmail.com> 
Sent: Thursday, June 28, 2018 8:30 PM 
To: NM Unit EIS 
Subject: New mexico Unit EIS 
 
To the Interstate Stream Commission , 
NO to this ill conceived plan, which is the result of millions of dollars spent “studying “ the issue, has no 
coherent result. 
EXCEPT… 
This is collusion between the developers of this plan and the mining corporation that will suck up this 
very expensive water The 60,000 actual New Mexicans who need to be served by water access will not 
be helped AT ALL! 
 
Spend this money on improving existing water systems  and DO NOT commit the citizens of New Mexico 
to contribute their tax money to more waste and fraud, and degradation of a beautiful free running river 
habitat. 
Elizabeth Dyer 
3904 Camino de la Sierra, NE 
Albuquerque 87111 
 
 



From: lorenzo trout <ltrout555@live.com> 

Sent: Thursday, June 28, 2018 9:44 AM 

To: NM Unit EIS; carol morrison 

Subject: NM Unit EIS 

 

Thank you for the opportunity to comment on the proposed Gila River diversion (dam). 
 
I am appalled that anyone would propose diverting the Gila River.  Others in the past have tried 
and failed.  I hope you will fail too. 
 
The Gila River is a priceless gem and need to be protected for wildlife and people.  There are 
very few rivers in the southwest that offer so much for the environment.  This habitat found 
along the Gila River is precious and must be protected from those people who want to make a 
profit off of this public resource (water).   
 
The financial impacts of a proposed diversion and dam might help a few farmers who will not 
pay the real cost of this project.  The costs are prohibitive and asking the local governments to 
pay for this proposed project is unacceptable. 
 
Please drop this proposal now before you spend anymore money on this project.  The money 
could be better spent on other ways to conserve water. 
 
Larry McLaud 
202 S. Bullard St. 
Silver City, NM 88061 
575-654-2543 



From: Alice Jones <aejones_scnm@yahoo.com> 

Sent: Friday, June 29, 2018 12:20 PM 

To: NM Unit EIS 

Subject: Environmental impact of proposed Gila River diversion schemes 

 

As two of the last free-flowing , wild rivers in the West, the Gila and San Francisco rivers support a unique 
environment that includes several endangered species. This alone should be enough to stop such an ill-
advised proposal. We are in the  midst of a great mass extiction due to climate change and all our efforts 
should be directed to protecting these vulnerable eco systems, not exploiting them for the benefit of a 
few. The proposed diversion is based on wildly optimistic predicted water flows, especially given the 
unpredictable effects of continued warming and drought. The money avaiable for this project could be 
wisely invested in conservation projects that could benefit all of the communities in the region anf protect 
their water resources well into the future. Instead it is going into the pockets of consultants who produce 
useless reports not even based in reality. Their proposed projects would leave the people of Grant and 
Catron Counties to foot the bill while ignoring our real real need for water security. 

 

Please reject diversion and support the sensible, small conservation projects that would protect riparian 
environments and all their inhabitants. 

 

Alice Jones 

 37 Spring Creek Rd. 

Silver City, NM 88061 



From: Rebecca M Summer <becsummer@gmail.com> 

Sent: Friday, June 29, 2018 4:02 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

From: Rebecca M Summer, PhD 

Richard Ducotey, retired IBM Senior Systems Engineer 

8 Fotis Road, Silver City, NM 

 

 

The NM CAP Entity’s proposed action is poorly defined, therefore 

making it impossible for  

us,  

the public 

, 

to understand and to develop meaningful comments for NEPA 

scoping. However,based on the minimal information provided, we 

know that 

: 

  

1)the NM Unit proposal could significantly impact threatened and 

endangered species and riparian habitat,  

2) will cost several times more than the AWSA construction 

subsidy provided, and  

3) will unfairly withhold NM Unit Fund dollars from community 

water projects that could meet the water needs of 60,000 people 

in southwest New Mexico.  



  

Proposed concrete diversion structures will harm threatened and 

endangered species and riparian habitat along the Gila and San 

Francisco rivers 

: 

• Flowing out of America’s first Wilderness Area, the Gila River 

is home to seven threatened or endangered species and is 

proposed for long-term protection under the Wild & Scenic Rivers 

Act. 

• The proposed action eliminates the ISC’s 150 cfs minimum flow, 

allowing the new diversion to 

dewater the river and extending the period of dewatering during 

ecologically critical times. 

• The diversions and infrastructure will harm critical habitat 

for seven threatened or endangered species, including the loach 

minnow and spikedace, southwestern willow flycatcher and yellow 

billed cuckoo, northern Mexican garter snake and narrow headed 

garter snake, and Chiricahua leopard frog. 

• Declining groundwater levels caused by the diversion and new 

groundwater pumping could threaten the health of the cottonwood-

sycamore-willow bosque, some of the last remaining intact 

riparian forest in the Lower Colorado River Basin. 

• The diversion dams will also limit recreation opportunities, 

like river running, and potentially impact irrigators. 

 

Intention 

  

to divert in the future the full 14,000 acre-feet per year is 

speculative 

  

and unnecessar 

y: 



 

 

• The proposed concrete dam across the entire floodplain and 

doubled ditch capacity are designed to take out a large amount 

of water, much more than needed for the small amount of storage 

contemplated in the proposed action; 

•  

Calculations of the volumes of diverted water available for use 

are not based on scientifically based calculations of 

evaporation loss and permeability of the flooded land;  

 

• Diverting the full 14,000 acre-feet per year under the AWSA is 

speculative. Irrigators are diverting 4 times more water than 

the full amount of their water rights. According to water 

studies, Southwest New Mexico groundwater supplies can meet 

municipal water needs far into the future. 

 

The NM Unit proposed action is expensive, unaffordable and 

unfair 

: 

• The AWSA subsidy will not cover the full cost of the proposed 

action, leaving a gap of tens of millions of dollars for 

citizens to cover. 

• Project water is too expensive for farmers to buy. Current 

ditch fees in the Cliff-Gila Valley are approximately $20 per 

acre. Project water cost will run at least $1,500 per acre per 

year, calling into question the project economics and the 

ability of farmers to pay for the new AWSA water. 

• The proposed action will require spending all the available 

AWSA funds on approximately 200 

irrigators and international mining giant Freeport-McMoRan for a 

small amount of new irrigation 

  



water. This is unfair to the rest of the 60,000 people of 

southwest New Mexico whose water systems 

need improvements. 

• The NM CAP Entity has stated in its past monthly meetings that 

it intends to use the interest from the corpus of the NM Unit 

Fund for its ongoing annual costs, providing AWSA water to 

irrigators for free, while more than $50 million in critical 

community water projects remain unfunded. This is neither fair 

, factual, 

nor economically feasible. 

 

In conclusion, we advocate for conservation alternatives to this 

harmful diversion project. The solution is to use non-diversion 
community projects which will support and meet the region's water 

needs.  

1) The BOR must assess environmentally friendly diversion alternatives 

to the proposed action to ensure that threatened and endangered 

species and riparian habitat are not adversely impacted. 

2) Water needs can be met cost-effectively by implementing non-

diversion alternatives. We can 

immediately spend the $66M from the AWSA on priority community water 

projects that will meet our needs far into the future without building 

a costly Gila diversion requiring massive ongoing public subsidy to 

benefit very few. 

 

 



From: Cunningham, Colleen, OSE <Colleen.Cunningham@state.nm.us> 
Sent: Thursday, July 5, 2018 2:17 PM 
To: NM Unit EIS 
Subject: FW: No Dan please 
 
 
 
Colleen M. Cunningham 
 
New Mexico Interstate Stream Commission 
NEPA Specialist 
Phone: (505)827-6145 
Fax: (505) 827-6188 
E-mail: colleen.cunningham@state.nm.us 
http://www.ose.state.nm.us 
 
-----Original Message----- 
From: AWSA, NM, OSE  
Sent: Thursday, July 05, 2018 12:04 PM 
To: Effati, Ali, OSE; Cunningham, Colleen, OSE 
Subject: Fw: No Dan please 
 
 
________________________________________ 
From: Katherine Kay Turner <karban.turner@gmail.com> 
Sent: Friday, June 29, 2018 7:19 PM 
To: AWSA, NM, OSE 
Subject: No Dan please 
 
Please let all elected people officials know we are opposed to placement of a man made dam on the Gila 
River stream. 
Sent from my iPhone 



From: Louis Bubala <Louis.Bubala.31519795@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:18 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
I may live in Nevada rather than New Mexico, but I know the value of water in the West. The Gila is New 
Mexico’s last free-flowing river. Originating in America’s first, and the state’s largest designated 
wilderness area, the Gila is extraordinarily rich in biological diversity and cultural history. Riparian 
ecosystems comprise less than 1% of New Mexico’s arid landscape, and the Gila’s natural cycle of flows 
supports outstanding examples of southwest riparian forest, cold water fisheries and a remarkable 
abundance of wildlife, including several endangered species in the river itself, in addition to those in the 
surrounding forest. Local economies in southwest New Mexico depend heavily on a healthy, free-
flowing Gila River. A 2013 New Mexico Department of Game and Fish Study showed that fishing is a 
significant contributor to Grant County’s economy. That year alone, 10,000 people participated in fishing 
in Grant county for 100,000 angler-days, spending $6.5M, supporting 74 jobs, generating $1.9M in labor 
income, and contributing $10M to federal, state and local taxes.  
 
Diversion would be expensive, unnecessary, and damaging. In addition to seriously harming both the 
Greater Gila ecosystem and the local economies which depend on it, estimates of the cost of diversion 
have varied wildly over the last fifteen years, at one point reaching a billion dollars. There are still many 
unanswered questions about the specifics of this proposal, and any cost not covered by the Arizona 
Water Settlements Act would be borne by New Mexico taxpayers.  
 
Moreover, there is no real need for diversion in the first place. Nothing in the Arizona Water 
Settlements Act requires the Gila to be diverted and consumed, and local water plans show that with 
conservation and infrastructure improvements, there is enough water for southwest New Mexico far 
into the future. Many millions of dollars are allocated in the Act for non-diversion water infrastructure 
projects, which would benefit many New Mexicans rather than the handful of agricultural users who 
stand to gain from diversion.  
 
New Mexicans overwhelmingly oppose diversion of the Gila River; in fact, a 2017 statewide poll 
indicated that 75% of New Mexicans support permanent protection of the Gila through a Wild and 
Scenic River designation.  
 
I strongly urge the Bureau of Reclamation to reject any alternative which diverts and consumes the Gila 
or San Francisco Rivers. Reclamation should also clarify the details of the proposed project and all 
alternatives (including the cost of each alternative), and should explicitly state whether each alternative 
could allow the Gila to dry. 
 
Regards,  
Louis Bubala  



2040 Brenda Way 
Carson City, NV 89704  



From: A.T. Cole <AT.Cole.16184622@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:07 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
Greetings: 
 
We are writing to express our opposition to the current and any future proposal to dam, divert or 
otherwise modify the natural hydraulic cycles of the Gila River. The idea of altering the hydrology of the 
Gila River is so foolish that it is difficult to express opposition without being rude. This madness has to 
stop. This is the fourth and hopefully final effort to mess with the river. In the 1970s Grant County 
residents blocked the Hooker Dam but many of the veterans of that fight are deceased, tired or moved. 
Then in the 1980s the community stopped the Conner Dam as people like Dutch Salmon and his 
colleagues stopped the re-shaping of the same ploy. But this sad history continued into the early 1990s 
with another derivation of the same ruse with the so-called Mangus Diversion Alternative. It too was 
turned back. Yet again, outsiders wanting to drain the Gila River are back. 
Just like the earlier gimmicks to dam, divert, pipe or otherwise grab local water, this most recent push 
makes even less sense. The Gila River is the last free-flowing river in New Mexico. The Southwest has 
lost over 90% of its riparian habitat. The Gila River is Grant County’s Crown Jewell, loaded with Federally 
and State listed endangered species that will perish if the river water is taken. 
 
This is not rocket science: 
 
- We have eliminated one half of the Earth's topsoil in the last 150 years. 
 
- We have created a junk pile of plastic, fishing trash and other trash in the ocean between Hawaii and 
California twice the size of the state of Texas. 
 
- We have increased atmospheric carbon dioxide 150 parts per million (410ppm less 260ppm) since the 
Industrial Revolution. 
 
If we can’t quickly learn to live responsibly on this planet, climate change will end civilization as we know 
it. We live on the Pitchfork Ranch an hour drive south of Silver City and we are already experiencing 
consequences of the climate crisis: loss of 20% of one seed juniper trees, drying out of three of six wells, 
rain days under .06 increasing from an average of 10 per year to an average of 20 days for the last three 
years. We could go on, but desertification is worsening. The 64-page report, Hotter and Dryer, of the 
Rocky Mountain Climate Organization concludes: “When compared to the 20th century average, the 
West has experienced an increase in average temperature during the last five years that is 70 percent 
greater than the world as a whole.” Removing water from the Gila River is beyond foolish. Even worse, 
doing so when there is no identified user, at such expense with the actual future use unfunded and 
when there are so many proposals that address the problems of soil and climate, we are dumbfounded.  



 
 
A.T. & Lucinda Cole 
 
“We are faced with the most colossal set of events in human history: the catastrophic convergence of 
poverty, violence and climate change.” Christian Parenti 
 
Regards,  
A.T. Cole  
15 Separ Rd 
Silver City, NM 88061  



From: Kristin Dovalina 
<Kristin.Dovalina.121947961@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:23 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
The proposed Gila diversion plan should not be taken lightly. Altering a natural habitat can harm entire 
ecosystems. Altering a waterway can permanently impact water quality, cause degradation to the 
surrounding land, and irreparable harm to aquatic species. Diversions also fragment the area, and areas 
that have been fragmented are often too small and disconnected to support mammals that need large 
territories in order to mate and find food. In a time when much is known about the importance of 
watersheds and river health, I find the proposed Gila diversion, which lacks a complete plan, unworthy 
of such an important environmental alteration. I oppose spending huge amounts of money on a project 
that seems to lack any benefits. I believe a free flowing Gila provides enormous advantages to the 
environment and the citizens that enjoy it. Don’t let this project move forward. 
 
Regards,  
Kristin Dovalina  
1995 Palm Canyon Dr 
Las Cruces, NM 88011  



From: Ben & Yolanda Garcia <otherstuff@swcp.com> 
Sent: Saturday, June 30, 2018 1:33 PM 
To: NM Unit EIS 
Subject: NM Unit EIS  
 

My Public Comment regarding NM Unit EIS - 
 
As a life-long resident of New Mexico, I oppose diversion of the Gila and San Francisco 
Rivers, which would be a financially and environmentally disastrous water diversion. 
 
The New Mexico Central Arizona Project Entity (NM CAPE) is proposing to divert the Gila 
and San Francisco Rivers through a series of dams, pipelines, and storage structures 
negatively impacting birds, wildlife, and ignoring the needs of nearby communities. 
 
Manipulating flows on the Gila, one of New Mexico’s last free flowing rivers, threatens 
our states climate resiliency, disrupts and displaces many of the 200 bird species that 
rely on the river’s multi-aged riparian forest, and misses an opportunity for water 
conservation alternatives that can ensure a better water future for birds, wildlife, and 
people. 
 
The Gila River is home to seven threatened or endangered species and serves as critical 
refuge for priority birds like the Southwestern Willow Flycatcher and the Yellow- billed 
Cuckoo.  This is no small achievement in the arid west!  Maintaining flow variability – a 
defining feature of the Gila River – and supporting Audubon New Mexico and Western 
Resource Advocates’ Deming Water Alternative Report is a better option. 
 
Where birds and other wildlife thrive, relying on New Mexico’s water sources, people 
prosper, and our state prospers.  It is morally wrong to divert the Gila and San 
Francisco Rivers.  Our Creator gave dominion, but not to dominate, but as caretakers 
for H_s people and H_s creatures (creation). 
 
Ben & Yolanda Garcia 
PO Box 1442 
Peralta, NM 87042 
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From: Adam Hill <Adam.Hill.98306176@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:14 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
The Gila is New Mexico State Treasure and it's last free-flowing river. The proposals to divert the Gila 
have been full of scandal from the beginning (look at the behavior of the New Mexico Interstate Stream 
Commission sole sourcing contracts in secret meetings and then legally attacking their former agency 
head when he pointed out the clear violation of law they engaged in. 
 
It is clear there are very few beneficiaries of the proposed diversion and those who are pushing for it 
seem not to care, and they also seem not to care that there are several shovel ready conservation 
projects that the money could have been spent on that would do more to provide water security for the 
local populations than the misguided diversion. 
 
It seems the goal is the biggest most expensive diversion possible, regardless of the need for such a 
diversion or the environmental damage. 
 
The location of the proposed diversion between Turkey Creek and Mogollon Creek is an incredibly 
beautiful area that is used extensively for recreation and draws considerable visitation by hunters, 
anglers, hikers, boaters and equestrians. It seems this beautiful area will be sacrificed and bulldozed, 
never to regain its wild beauty if the diversion is approved (though the plan keeps changing it's hard to 
say what portion of the riparian area will be sacrificed). 
 
The river should remain wild. 
 
Regards,  
Adam Hill  
3000 Glenwood Dr NW 
Albuquerque, NM 87107  



From: Nancy Hynes <Nancy.Hynes.16091698@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:10 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
No River diversion! 
The Gila is New Mexico’s last free-flowing river. Originating in America’s first, and the state’s largest 
designated wilderness area, the Gila is extraordinarily rich in biological diversity and cultural history. 
Riparian ecosystems comprise less than 1% of New Mexico’s arid landscape, and the Gila’s natural cycle 
of flows supports outstanding examples of southwest riparian forest, cold water fisheries and a 
remarkable abundance of wildlife, including several endangered species in the river itself, in addition to 
those in the surrounding forest. Local economies in southwest New Mexico depend heavily on a healthy, 
free-flowing Gila River. A 2013 New Mexico Department of Game and Fish Study showed that fishing is a 
significant contributor to Grant County’s economy. That year alone, 10,000 people participated in fishing 
in Grant county for 100,000 angler-days, spending $6.5M, supporting 74 jobs, generating $1.9M in labor 
income, and contributing $10M to federal, state and local taxes.  
 
Diversion would be expensive, unnecessary, and damaging. In addition to seriously harming both the 
Greater Gila ecosystem and the local economies which depend on it, estimates of the cost of diversion 
have varied wildly over the last fifteen years, at one point reaching a billion dollars. There are still many 
unanswered questions about the specifics of this proposal, and any cost not covered by the Arizona 
Water Settlements Act would be borne by New Mexico taxpayers.  
 
Moreover, there is no real need for diversion in the first place. Nothing in the Arizona Water 
Settlements Act requires the Gila to be diverted and consumed, and local water plans show that with 
conservation and infrastructure improvements, there is enough water for southwest New Mexico far 
into the future. Many millions of dollars are allocated in the Act for non-diversion water infrastructure 
projects, which would benefit many New Mexicans rather than the handful of agricultural users who 
stand to gain from diversion.  
 
New Mexicans overwhelmingly oppose diversion of the Gila River; in fact, a 2017 statewide poll 
indicated that 75% of New Mexicans support permanent protection of the Gila through a Wild and 
Scenic River designation.  
 
I strongly urge the Bureau of Reclamation to reject any alternative which diverts and consumes the Gila 
or San Francisco Rivers. Reclamation should also clarify the details of the proposed project and all 
alternatives (including the cost of each alternative), and should explicitly state whether each alternative 
could allow the Gila to dry. 
 
Regards,  
Nancy Hynes  



1100 E 3rd St 
Fort Worth, TX 76102  



From: Ian Wunder <Ian.Wunder.98207176@mobilize4change.org> 

Sent: Saturday, June 30, 2018 2:15 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
I am a New Mexico resident, biologist, avid adventurer, and Gila wilderness enthusiast. I have traveled 
around the Gila region, and lower Gila watershed extensively, and have experienced the beauty of the 
river and the riparian habitat that extends to the cottonwood bosque in AZ. It would be a shame, a 
crime against nature, to potentially affect the river level, stealing water from the native habitat. 
The Gila is New Mexico’s last free-flowing river. Originating in America’s first, and the state’s largest 
designated wilderness area, the Gila is extraordinarily rich in biological diversity and cultural history. 
Riparian ecosystems comprise less than 1% of New Mexico’s arid landscape, and the Gila’s natural cycle 
of flows supports outstanding examples of southwest riparian forest, cold water fisheries and a 
remarkable abundance of wildlife, including several endangered species in the river itself, in addition to 
those in the surrounding forest. Local economies in southwest New Mexico depend heavily on a healthy, 
free-flowing Gila River. A 2013 New Mexico Department of Game and Fish Study showed that fishing is a 
significant contributor to Grant County’s economy. That year alone, 10,000 people participated in fishing 
in Grant county for 100,000 angler-days, spending $6.5M, supporting 74 jobs, generating $1.9M in labor 
income, and contributing $10M to federal, state and local taxes.  
 
Diversion would be expensive, unnecessary, and damaging. In addition to seriously harming both the 
Greater Gila ecosystem and the local economies which depend on it, estimates of the cost of diversion 
have varied wildly over the last fifteen years, at one point reaching a billion dollars. There are still many 
unanswered questions about the specifics of this proposal, and any cost not covered by the Arizona 
Water Settlements Act would be borne by New Mexico taxpayers.  
 
Moreover, there is no real need for diversion in the first place. Nothing in the Arizona Water 
Settlements Act requires the Gila to be diverted and consumed, and local water plans show that with 
conservation and infrastructure improvements, there is enough water for southwest New Mexico far 
into the future. Many millions of dollars are allocated in the Act for non-diversion water infrastructure 
projects, which would benefit many New Mexicans rather than the handful of agricultural users who 
stand to gain from diversion.  
 
New Mexicans overwhelmingly oppose diversion of the Gila River; in fact, a 2017 statewide poll 
indicated that 75% of New Mexicans support permanent protection of the Gila through a Wild and 
Scenic River designation.  
 
I strongly urge the Bureau of Reclamation to reject any alternative which diverts and consumes the Gila 
or San Francisco Rivers. Reclamation should also clarify the details of the proposed project and all 
alternatives (including the cost of each alternative), and should explicitly state whether each alternative 
could allow the Gila to dry. 



 
What are the engineering details of the proposed action? What type of diversion will be constructed? 
How much new AWSA water will be diverted, how much will be lost to evaporation and seepage and 
remain for beneficial use, when will it be diverted and consumed, and for whose use and where? 
Will BOR and ISC allow the diversion to dewater the river, rather than decrease river drying as the ISC 
has claimed for years? 
What is the cost of the proposed action? What is the cost of the new water? Are there any water 
users willing and able to pay for project water? 
What is the net economic benefit of the NM Unit? Do its benefits exceed costs? By how much? 
What are the environmental impacts of the proposed action and will the proposed action jeopardize 
the existence of the Gila River’s seven threatened and endangered species? What project features or 
mitigation requirements will be included to reduce impacts? 
The BOR must assess environmentally friendly diversion alternatives to the proposed action to 
ensure that threatened and endangered species and riparian habitat are not adversely impacted. 
Water needs can be met cost-effectively by implementing non-diversion alternatives. We can 
immediately spend the $66M from the AWSA on priority community water projects that will meet our 
needs far into the future without building a costly Gila diversion requiring massive ongoing public 
subsidy to benefit very few. 
 
Regards,  
Ian Wunder  
96 Lehner St 
Wolfeboro, NH 03894  



From: Oscar Bird <tip.bird@yahoo.com> 
Sent: Sunday, July 1, 2018 1:56 PM 
To: NM Unit EIS 
Subject: NM eis 
 
Please leave the Gila and all other rivers as they are. Man's altering our environment has already put our 
world at risk. Thank you for your time. 
 
Sent from my iPad 



From: Elena E Giorgi <elenaedi@comcast.net> 

Sent: Sunday, July 1, 2018 11:19 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Hello, I am a New Mexico resident and I am writing to oppose any action that would 
dam and divert the Gila River. The Gila River is one of our last wild river in the country 
and as such it hosts wildlife that is unique and endangered. Damming and/or diverting 
the river would wipe out this richness of wild life, particularly rare species of birds. 
Instead, please invest the money in initiatives that promote water conservation. In a 
world where climate change is threatening all of our water resources it makes no sense 
to keep exploiting them to the last drop. Instead what we should all do is learn to 
conserve water.  

 

Thank you for your time and attention. 

 

elena e. giorgi 

los alamos, nm 





















From: mailagent@thesoftedge.com on behalf of forests@ucla.edu 
Sent: Monday, July 2, 2018 1:58 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
I would like to register my strong opposition to this project. 
 
All the large-scale water projects in the Southwest have come with unforeseen consequences, many of 
which are profoundly negative. 
 
This project is really a fool's task.  It takes a really small river and imposes a huge amount of engineering 
on top of it.  Time has demonstrated that these water projects have so many environmental and, 
indeed, water costs, that large projects like this are no longer being built in the West--for good reasons. 
 
The seepage from the diversions, the uncertainty of precipitation in the coming--and warming--years, 
the private benefits over the interests of the public, the ruination of a wild flowing watercourse, and the 
cost--which we all know will mount higher and higher even during the construction of the project. 
 
It makes no sense.  I do believe that even the project's proponents know that it makes no sense, but are 
pushing it forward for corporate and short-term interests. 
 
The public simply doesn't want this beautiful river harnessed and wrecked. 
 
Don't approve it! 
 
Sincerely, 
 
Melissa Savage 
1477 1/2 Canyon Rd 
Santa Fe, NM 87501-6133  





From: Richard D Stoops <rstoops@swcp.com> 
Sent: Monday, July 2, 2018 6:57 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
Attachments: 20180702 RS Remarks ISC-BOR Hr.pdf 
 
 



July 2, 2018


ISC-BOR NEPA Public Hearing on the Gila, NM Unit 
NM State Bar Bldg

Albuquerque NM


____________________


	 My name is Richard Stoops. I have been a resident of New Mexico for forty-four 
years, living in both Las Cruces and Albuquerque. I am a practicing lawyer in NM, as 
well as a retired Presbyterian minister. 


	 I’m also a boater - primarily kayaks and canoes - and a member of the Adobe 
Whitewater Club. I’ve paddled the Gila a number of times. And I strongly oppose its 
“diversion.”


	 The river teaches us -- about remoteness, wilderness, and self-reliance. It show 
us stunning beauty sometimes mixed in with a bit of bear scat. The Gila is not merely a 
local attraction or resource, but a state wide treasure.


	 This diversion “plan” has always been scant on details, but you can bet it will 
cost more than predicted, and its benefits will be less. Picture a “diversion” dam that 
spans the river, and instead of seeing only cliffs on either side, you may be looking at 
“diversion canals.” Or maybe a tunnel (and costing how much?) And there is insufficient 
river flow to justify such a grandiose but sketchy plan.


	 The actual cost of the project has not been calculated, but it exceeds the funds 
available, and threatens to impose significant taxes and costs. The potential damage is 
incalculable. — To the river, to the rare and endangered species, and to the citizens of 
New Mexico.


	 I do support the non-diversion projects that have been proposed, where 
planning has been more detailed and the funds are available.


	 But the diversion plan makes no economic sense, no environmental sense. And 
It makes no common sense.


Thank you.


________________________________________

Richard Stoops


RICHARD D. STOOPS 
4108 Ridgeley Ave NE 
Albuquerque NM 87108 
(505) 263-7900



RICHARD D. STOOPS 
4108 Ridgeley Ave NE 
Albuquerque NM 87108 
(505) 263-7900 

July 2, 2018 

ISC-BOR NEPA Public Hearing on the Gila, NM Unit 
NM State Bar Bldg 
Albuquerque NM 

My name is Richard Stoops. I have been a resident of New Mexico for forty-four 
years, living in both Las Cruces and Albuquerque. I am a practicing lawyer in NM, as 
well as a retired Presbyterian minister. 

I'm also a boater - primarily kayaks and canoes - and a member of the Adobe 
Whitewater Club. I've paddled the Gila a number of times. And I strongly oppose its 
"diversion." 

The river teaches us -- about remoteness, wilderness, and self-reliance. It show 
us stunning beauty sometimes mixed in with a bit of bear scat. The Gila is not merely a 
local attraction or resource, but a state wide treasure. 

This diversion "plan" has always been scant on details, but you can bet it will 
cost more than predicted, and its benefits will be less. Picture a "diversion" dam that 
spans the river, and instead of seeing only cliffs on either side, you may be looking at 
"diversion canals." Or maybe a tunnel (and costing how much?) And there is insufficient 
river flow to justify such a grandiose but sketchy plan. 

The actual cost of the project has not been calculated, but it exceeds the funds 
available, and threatens to impose significant taxes and costs. The potential damage is 
incalculable. — To the river, to the rare and endangered species, and to the citizens of 
New Mexico. 

I do support the non-diversion projects that have been proposed, where 
planning has been more detailed and the funds are available. 

But the diversion plan makes no economic sense, no environmental sense. And 
It makes no common sense. 

Thank yo 

Richard/Stoops 













From: mailagent@thesoftedge.com on behalf of 
rachellewds@newmexico.com 

Sent: Monday, July 2, 2018 10:15 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
Do not dam the Gila! 
 
Sincerely, 
 
Rachelle Woods 
120 Spruce St 
Santa Fe, NM 87501-1653  



From: mailagent@thesoftedge.com on behalf of 
locoadele@cybermesa.com 

Sent: Monday, July 2, 2018 8:59 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
THE GILA DAM WOULD COST THE STATE OF NEW MEXICO MILLIONS OF DOLLARS THAT IT DOES NOT 
HAVE,  AND IT WOULD NOT PROVIDE A SIGNIFICANT INCREASE IN WATER AVAILABLE TO AGRICULTURE. 
 
THE GILA IS THAT LAST UNRESTRICTED RIVER IN NEW MEXICO.  IT IS TIME TO STOP RAPING OUR 
NATURAL RESOURCES FOR THE ENRICHMENT OF A HANDFUL OF INVESTORS.  THE GILA RIVER AND ITS 
BASIN ECOSYSTEM MUST HAVE FIRST RIGHTS TO ITS OWN WATER. 
 
As a Conservation Voters New Mexico supporter and a New Mexican, I write to ask critical questions 
about the proposed action for the New Mexico Unit of the Central Arizona Project's Environmental 
Impact Statement.  
 
Without much detail and only a few maps on a website, the New Mexico Unit of the Central Arizona 
Project is about to irreparably change the landscape and ecosystem on southwestern New Mexico. This 
proposal would place concrete dams, 12 pumps and seven surface storage ponds throughout the 
previously wild Gila River watershed, literally sucking the lifeblood out of the ecosystem 
 
This Environmental Impact Statement must ask these important questions before any plan is allowed to 
move forward: 
 
- What are the engineering details of the proposed action? What type of diversion will be constructed?  
- How much new Arizona Water Settlement Act (AWSA) water will be diverted, how much will be lost to 
evaporation and seepage and remain for beneficial use, when will it be diverted and consumed, and for 
whose use and where?  
- Will Bureau of Reclamation and the Interstate Stream Commission (ISC) allow the diversion to dewater 
the river, rather than decrease river drying as the ISC has claimed for years?  
- What is the cost of the proposed action? What is the cost of the new water? Are there any water users 
willing and able to pay for project water?  
 
In addition, the Bureau of Reclamation must assess environmentally friendly diversion alternatives to 
the proposed action to ensure that threatened and endangered species and riparian habitat are not 
adversely impacted.  
 
The Gila River is a paradise for outdoor adventurers of many stripes - rafting, hiking, backpacking, 
birding and hunting opportunities abound. We must protect this last wild river and conserve the Gila. 
 
Sincerely, 
 
Adele E Zimmermann 
HC 69 Box 4B # 87531 
Embudo, NM 87531-9705  







From: mailagent@thesoftedge.com on behalf of monica@vom.com 
Sent: Tuesday, July 3, 2018 3:46 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
As a DEEPLY CONCERNED citizens,  Conservation Voters of New Mexico supporters, and permanent New 
Mexico residents, my family & I are contacting you to ask critical questions about the proposed action 
for the New Mexico Unit of the Central Arizona Project's Environmental Impact Statement, involving 
huge man-made alterations to the still free- flowing, pristine Gila River.  
 
The very idea of defacing & perhaps lethally degrading the viability of New Mexico's LAST undammed 
river is so vastly ill-advised as to render one nearly speechless!! 
 
This is a proposal without ANY merit, as it is designed to benefit a mere handful of would-be Gila water 
users, at the expense of the whole ecosystem anchored & sustained by the Gila River! 
 
The proposal itself is not even fully described.  Without much detail and only a few maps on a website, 
the New Mexico Unit of the Central Arizona Project is planning to IRREPARABLY  change the landscape 
and harm the wider ecosystem of southwestern New Mexico.  
 
This terrible proposal would place concrete dams, 12 pumps and seven surface storage ponds 
throughout the previously wild Gila River watershed, literally sucking the lifeblood out of the 
ecosystem!!!! 
 
Moreover, not only the is the proposal itself without merit, even the very limited official information 
provided to date is WOEFULLY inadequate to assess the permanent impacts & the damage this 
extremely ill-advised project will inflict on the area's environment & the wildlife that depends on the 
Gila for survival! 
 
This is an unnecessary, wasteful & highly destructive initiative that MUST NOT BE ALLOWED TO GO 
FORWARD! 
 
The Gila River is VITAL to the long-term sustainability of the area's entire ecosystem.  It is also a paradise 
for outdoor adventurers of many stripes - rafting, hiking, backpacking, birding and hunting opportunities 
abound. We MUST ACT to PERMANENTLY PROTECT  this last, wild, viable New Mexican river and 
conserve the Gila in perpetuity!!!! 
 
Sincerely, 
 
Monica Steensma 
627 Calle de Valdez 
Santa Fe, NM 87505-7335  



From: mailagent@thesoftedge.com on behalf of kburke@unm.edu 
Sent: Thursday, July 5, 2018 9:15 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
Be cautious! 
 
The New Mexico Unit of the Central Arizona Project is about to irreparably change the landscape and 
ecosystem on southwestern New Mexico. This proposal would place concrete dams, 12 pumps and 
seven surface storage ponds throughout the previously wild Gila River watershed, literally sucking the 
lifeblood out of the ecosystem 
 
The Gila River is a paradise for outdoor adventurers of many stripes - rafting, hiking, backpacking, 
birding and hunting opportunities abound. We must protect this last wild river and conserve the Gila. 
 
Be cautious! 
 
Sincerely, 
 
K Burke 
PO Box 1405 
Fairacres, NM 88033-1405  



From: mailagent@thesoftedge.com on behalf of marylaraia@me.com 
Sent: Thursday, July 5, 2018 6:18 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Dear To Whom It May Concern:: 
 
Water is like air.   We all should have a right to sufficient, clean water and air.   Please protect the Gila 
Riveer. 
 
Sincerely, 
 
Mary Laraia 
3 Vista De Sandia 
Sandia Park, NM 87047-9627  



From: Jerome Walker <jeromemwalker@gmail.com> 

Sent: Thursday, July 5, 2018 10:09 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Bureau of Reclamation and New Mexico Interstate Stream Commission 

 

Dear Sirs:  

 

 As a resident of southern New Mexico, I am writing in opposition to the proposed diversion of the 
Gila River.  This project does not appear practical, would have huge costs , and would have very few 
beneficiaries, which alone makes it unfair to the public at large. In addition, I am opposed to this project 
because it would impact a roadless area (and potential wilderness) on the edge of the iconic Gila Wilderness, 
the first wilderness set aside in the entire world.  This area is one of the last intact riparian areas in the Lower 
Colorado basin and contains 7 threatened and endangered species that would be severely impacted and 
harmed by the project.  Not only that, but the proposed diversion dams would greatly limit recreational 
opportunities on the river.  

 In summary, it appears to me that the proposed action is expensive to the point of being 
unaffordable to the citizens of new Mexico and is also unfair.  It would seem much wiser and fairer to 
immediately spend the $66 million available from the Arizona Water Settlement Act of 2004 to meet 
community water needs in southwest New Mexico, instead of this expensive river diversion requiring 
ongoing public spending to benefit only a few individuals.   

 

Respectfully submitted,  

 

Jerome Walker, M.D. 

2750 Boldt St. 

Las Cruces, N.M., 88005 







July 7th, 2018 CAM 1 

To: NM Unit EIS 

From: Carol A. Martin 

56 T-T Drive 

Silver City, Grant County, NM 88061 

This letter is to submit my Public Comment regarding the proposed Diversions on 

the Gila and San Francisco Rivers. It is my belief that the NEPA process scoping 

that began on June 12th, 2018 is premature. The public cannot make educated 

comments on an incomplete proposal for a speculated project. This statement is 

backed up by the NMCAPE agenda for the July 3rd meeting; Item VI b. to readdress 

the Presentaion and Submittal of a Project Confirmation Package. (It Included 

New Maps). With an official letter from the NMCAPE that the NEPA analysis can 

proceed based on the information provided to the joint leads related to the 

proposed action. 

The ft Public Meeting took place on July 2nd in Albuquerque. The next Public 

Meeting was July 6th then July 7th in AZ. Answer me this — How can the Public 

comment on this issue when it is still being discussed in a July 3rd meeting and not 

out to the public in printed form including the NEW Maps for ALL the PUBLIC to 

read and assess and make educated comments on? 

It is my opinion that this project is being pushed forward in an effort to meet a 

deadline and circumvent public comment in regards to the NEPA process. It is 

being rushed to serve a few hundred irrigators and is not taking into 

consideration the water needs of the 60,000 residents of Southwest New Mexico. 

These residents would be better served to spend NM Unit Fund money on local 

community water projects. I am very concerned that the NM CAP stated it intends 

to use the earned interest from the NM Unit Fund to provide AWSA Water to 

Irrigators for FREE. Yet there are community water projects of $50million + 

This letter is to submit my Public Comment regarding the proposed Diversions on 

the Gila and San Francisco Rivers. It is my belief that the NEPA process scoping 

that began on June 12th, 2018 is premature. The public cannot make educated 

comments on an incomplete proposal for a speculated project. This statement is 

backed up by the NMCAPE agenda for the July 3rd meeting; Item VI b. to readdress the Presentaion an

d Submittal of a Project Confirmation Package. (It Included 

New Maps). With an official letter from the NMCAPE that the NEPA analysis can proceed based on the 

information provided to the joint leads related to the 

proposed action. 

The ft Public Meeting took place on July 2nd in Albuquerque. The next Public 

Meeting was July 6th then July 7th in AZ. Answer me this — How can the Public 

comment on this issue when it is still being discussed in a July 3rd meeting and not out to the public in 

printed form including the NEW Maps for ALL the PUBLIC to 

read and assess and make educated comments on? 

It is my opinion that this project is being pushed forward in an effort to meet a 

deadline and circumvent public comment in regards to the NEPA process. It is 

being rushed to serve a few hundred irrigators and is not taking into 

consideration the water needs of the 60,000 residents of Southwest New Mexico. 

These residents would be better served to spend NM Unit Fund money on local 

community water projects. I am very concerned that the NM CAP stated it intends 

to use the earned interest from the NM Unit Fund to provide AWSA Water to 

Irrigators for FREE. Yet there are community water projects of $50million + 

July 7th, 2018 CAM 1 

To: NM Unit EIS 

From: Carol A. Martin 

56 T-T Drive 

Silver City, Grant County, NM 88061 
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which remain unfunded. I am a proud Federal, State and Grant County tax payer 

— what will I get for free? As I said this Diversion Project benefits a couple 

hundred farm and ranchers but does not benefit the whole population of the 4 

NM counties. 

It is my understanding in following this convoluted evolution of events and 

attending several NMCAP meetings since November 2014 that the extreme costs 

will far exceed the benefits to any yet to be determined consumer. Water needs 

can be met more cost effectively by alternatives that do not require diversion of a 

rare desert river. The water flow in the Gila River is the lowest today than over 

the last 89 years since records have been kept. Where is the water coming from 

that is supposed to be diverted? Pumping out of the ground water will lower the 

water table level. This puts the sensitive desert green belt at risk. It will indeed 

become a dried sandy wash with no protective trees to shade and reduce 

evaporation. This fragile desert ecosystem will be disrupted. 

I do not believe there is in place mitigation requirements substantial enough to 

reduce the impact of the incomplete proposed diversion projects that would 

offset the loss of this rare and endangered desert river watershed that people 

have depended on flowing for thousands of years. Archeological sites are many 

hundreds along the river edge and surrounding areas. Dams, Diversions, Ditches, 

Wells, Ponds, Piping and supporting Roads will impact Native American Sites. 

Question: Have you been to the Coolidge Dam? Have you seen the contamination 

of the water? What chemicals, herbicides and pesticides are being used by each 

irrigator along the Gila and San Francisco Rivers? As the limited water supply 

passes from one diverter to the next what is in that water? Are cows, horses and 

livestock being kept a safe distance away so the Gila and San Francisco Rivers, 

storage reservoirs and ponds are not being fouled by waste? Seems like in this 

age of enlightenment that protecting rivers, creeks and watersheds would be on 

the top of resources to protect and not deplete. The projection is for weather 
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patterns to be drier not wetter; which means even less water to suck into 

diversion. 

There is also the economic impact aspect to consider for the surrounding areas of 

these rivers. Tourist come from all over the US and visitors travel into this region 

to experience, camping, fishing, hiking, birdwatching, rafting, hunting, 

backpacking along the banks and surrounding Gila areas. New Mexico is a poor 

state and these local spent dollars are needed to support the economy of the 

surrounding communities and small business. People will stop coming if the shade 

of the trees is gone and this free flowing river is impeded. 

Any structures built within a 50 — 100 year flood plain will be subject to 

destruction especially during the monsoon flooding. Also take into account 

wildfires in the upper areas that will effect flooding in these lower areas. As have 

happened in the recent past with the — Mogollon- Baldy Fire and resulting runoff 

and damage caused by flooding. Who will pay to have these damages repaired to 

the diversion infrastructures included in this NM CAPE proposal? It is my 

understanding a great deal of the storage ponds and wells are to be on private 

property. Have these plots of land been given in perpetuity or have they been 

purchased by ISC or NM CAP? Has the land owner been compensated in any way? 

What if the land is sold to a new owner? Who is responsible for upkeep? What if 

the new land owner does not permit continued use or closes off access to 

maintenance roads? Is it true the majority of the land for storage ponds is on 

FreePort McMoran property? How will the largest international mining company 

benefit from this? Instead of spending the money for local community projects 

that will serve the 60,000 local residents of 4 counties in one of the poorest US 

states. 

Has the geology been analyzed in depth for not only the diversion sites but both 

lined and unlined storage ponds, wells, new ditches? 

If groundwater is pumped out will this also affect wells of the surrounding 

neighbors? This happened in California recently. Who will pay for additional depth 
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drilling for these wells when the groundwater table is lower. Have all the property 

owners been notified in writing to this potential drying effect? How will the 

shrinking greenbelt Bosque of the Gila River affect property values in the 

surrounding areas? 

It is my understanding that 1/3 of the ditches will be concrete lined. Currently 

they are not and this is providing lush growth on the ditch banks. It has been 

observed the endangered Southwestern Willow Flycatcher is using these areas as 

nesting, food sources and Critical Habitat. 

I am sure you are aware of the threatened and endangered species of the Gila 

River Bosque and the other 200 bird species that are located in the area and the 

Nationally designated bird watching area. The Big Burro Mountains which join at 

the Gila River also include the At Risk Species of Arizona Toad, Cockerel! Itolospira 

Snail, Iron Creek Woodland Snail, Western Bumblebee, Lesser Long Nosed Bat and 

Pinos Altos Flame Flower. There are Federally protected species but has anyone 

checked into the list of State Recognized Species of Conservation Concern, NM 

State Rare and Subspecies? 

Here are several but not all of the At Risk Species of Riparian and Aquatic 

Ecosystems as listed in the newest Gila Forest Service Plan: 

Chiricahua Leopard Frog, Narrow Headed Gartner Snake, Northern Mexican 

Gartner Snake, Gila Woodpecker, Lewis Woodpecker, Chiricahua Chub, Gila Trout, 

Arizona Toad, Headwater Chub, Loach Minnow, Round Tail Chub, Spikedace, Rio 

Grande Sucker, A Stonefly (c.caryi), Bearded Mountain Snail, Gila Mayfly 

(L.dencyanna), (A.C.argenticola), (A.T.animorum), (A.T.intermis), (A.T.mutator), 

Arizona Toad, Southwestern Willow Flycatcher, Sonoran Snaggletooth Snail, 

Stonefly (T.jacobii), Whitewater Creek Woodsnail, Arizona Montane Vole, 

Western Yellowbilled Cuckoo, Goodings Onion, Medcalfe Penstemon, Mimbres 

Figwort, Mogollon Clover, New Mexico Groundsel, Wooton's Hawthorn, Yellow 

Ladys Slipper, Gila Springs Snail and New Mexico Hot Spring Snail. 
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As you can see the Gila and San Francisco Rivers and surrounding Bosque provide 

Critical Habitat for a wide variety of species. Lined ditches, concrete structures, 

wells, piping, roads, lined storage ponds, pumps and pumping stations Do Not 

Support Critical Habitat. 

Construction and disturbance to Endangered and Threatened species cannot take 

place during breeding and nesting seasons. So who is paying to have the needed 

number of Biologists standby at all construction sites to monitor this mandate? I 

have not seen this cost included in any projected cost estimate! 

I have heard people say "We do not want the water to go to AZ". Let me just say, 

The water will be here — it is the money that goes away. So put the money to 

good use for 60,000 people not just 200 irrigators. The crops they raise are low 

value versus the high cost they will be paying for diverted AZ water settlement act 

water. 

Where will the ONM $ come from? Who pays for cost over runs? Costs of 

materials just went up in the current Trade War. What is the new Cost estimate? 

Hydrology studies prove the best way to store water is in an aquafer. Especially in 

a desert where evaporation rate loss is high. 

Open ponds are subject to evaporation loss. What is the cost to line ponds? If the 

ponds are located near the river they take up agricultural field space. How wide 

and how deep will each pond be? 

NM CAPE wants to own the project start to finish. NM State Legislators have 

questioned their competency. 

Will the delivery cost of water to AZ change every year? What is the cost of 

energy to move the water to AZ? I read California pays $1,200 acre foot for water. 

Is it correct in your estimate that NM/AZ water might cost $157 an acre foot? Can 

the irrigators afford that rate? Will they switch to a high dollar crop value that the 

population of the 4 counties can eat or restaurants can use? 
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The Gila River contains a lot of sediment during Monsoon Flooding. How will this 

be addressed and what is the projected cost? Does the end user pay? 

Is this project increasing in size to include more water usage in the future perhaps 

from the San Francisco River? I have not been made aware of what the additional 

costs will be for the projected future growth and what it might include. How can 

NEPA proceed if there is not a plan? Is it true the San Francisco Reservoir could 

cost $100million and it might be on Forest Service Land? 

If the irrigators have water rights to approximately 30,000 acre feet a year and 

they are currently estimated to use 15,000 acre feet why spend $66million(less 

$15million already spent) plus $50million for 14,000acre feet which they already 

have the water rights for??? 

Are there meters on each property that measures how much water is used?Are 

there meters on each property that measures how much unused water is 

returned to the river? 

Is it true BOR pays approximately $1.2 Billion for Mitigation costs a year? How 

much will the mitigation cost for this and the future proposed project? 

NEPA: It is my opinion that this huge sum of money is better spent on community 

projects and human consumption. People will with conservation education; 

conserve water, use drip irrigation, fix leaky faucets and pipes, landscape with 

native plants and drought tolerant plants, grow food for local farmers markets 

and restaurants and food banks... not grass and alfalfa for livestock that is most 

likely shipped out of the 4 counties. 

This project is extremely unfair to the 66,000 people living in the 4 counties of 

Southwest New Mexico. There are so many more unanswered questions than 

there are answers. 

Thank you for looking more in depth to this unneeded project. Please do not go 

forward with it. Carol A. Martin Grant County Resident 









From: Paul Barrett <paulbarrett4@me.com> 

Sent: Monday, July 9, 2018 7:48 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Phoenix Area Office, Bureau of Reclamation 

 

Dear Sirs: 

Thank you for the opportunity to comment on the proposal to divert water from the Gila River in New 
Mexico as part of the New Mexico Unit of the Central Arizona Project (New Mexico Unit). As you know 
this scoping process is required by the National Environmental Policy Act of 1970  (NEPA) and thus must 
comply with all regulations therein. The New Mexico Unit is a major Federal undertaking not covered by 
a categorical exclusion and with a significant impact to the environment requiring the preparation of an 
Environmental Impact Statement (Statement). 

Below are specific questions regarding the project that I request be addressed in the Statement. 

 1.     NEPA requires that there is no irreversible and irretrievable commitment of significant resources 
prior to the selection of an alternative. Please document that these resource commitments have not 
occurred. 

  

 2.     Please document how much new usable water each alternative in the New Mexico Unit will develop 
and how this amount compares to existing diversions from the Gila and San Francisco Rivers. 

  

 3.     The Gila River has been fully appropriated for over 100 years.  Considering this, for the each 
proposed alternative document from whom will existing Gila River water rights be obtained. For each 
alternative consider whether those individuals that will benefit from the proposed action will purchase 
those water rights. Also consider whether Arizona tribes will receive more or less water as they do now 
under each alternative. 

  

 4.     Please document the amount of water that will be lost to evaporation and seepage from the large 
but shallow storage ponds in the Gila River flood plain and the small off-stream reservoirs and the 



fraction of the diverted water that will be lost under each alternative. Also document the fraction that 
will be beneficially used.  

  

 5.     Document the amount of new acres of irrigated crops are proposed to receive water for each 
alternative.  

  

 6.     Estimate the total cost to design and construct each alternative, the annual costs of operations, 
maintenance, and replacement, and the total cost per acre-foot of new usable water the alternative will 
produce. 

  

 7.     For each alternative, clearly state who will pay these costs and document the subsidy from federal 
and state taxpayers.  

  

 8.     Estimate the dollar value of the economic benefits for each alternative, and if it will be an overall 
economic benefit or cost. 

  

 9.     Irrigation districts in Arizona went bankrupt trying to meet their obligations to pay for water from 
the Central Arizona Project. Most of their payment obligations were forgiven and set aside. Members of 
the New Mexico Unit of the Central Arizona Project Entity have stated publicly they expect to have their 
costs forgiven.  For each alternative, the Statement and associated economic analysis must address the 
willingness and ability of the beneficiaries to pay for the water in accordance with the authorizing 
federal law.   

  

 10. Water use from the Gila River in New Mexico is notoriously inefficient and wasteful. For each 
alternative , explicitly consider whether Gila River irrigators will be allowed to continue to exceed their 
state water right limits and divert many times more water than the amount required for their full 
beneficial uses.  

  

 11. Consider how will the alternatives in the New Mexico Unit will affect current river drying caused by 
excessive diversions.  

  



 12. What are the impacts of each alternative on the river, its riparian areas, and its wildlife? 

  

 13. Include the costs of mitigation will be required to protect the seven threatened and endangered 
species that persist in the Gila River and riparian areas in each alternative.  Explicitly identify whether 
these costs will be paid by the Federal or State governments, or by project water users?  

  

 14. For each alternative document design features of the proposed New Mexico Unit diversion dams 
that will ensure safe passage for boaters, inner tubers, and/or endangered fish.  

  

 15. Three prior configurations of the New Mexico Unit have been proposed and evaluated since 1968 by 
the Bureau of Reclamation: Hooker Dam and Reservoir, Connor Dam and Reservoir, and Mangas Creek. 
All failed because of environmental impact, cost, and lack of need for the water. Document how this 
project makes it differ from past proposals and reasoning why the preferred alternative should go 
forward. 

  

 16. Document the total energy costs and carbon footprint of the each alternative and the resulting 
energy requirements and costs per acre-foot of new usable water. 

  

Thank you for your consideration of these scoping comments. I look forward to reviewing the Draft 
Statement. 

  

Paul J. Barrett, Ph.D. 

Albuquerque Iwama Aikido 

www.ABQ-Iwama-aikido.com 

 

 

 

http://www.abq-iwama-aikido.com/




From: Joanne Brown <Joanne.Brown.71337964@mobilize4change.org> 

Sent: Monday, July 9, 2018 12:36 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Official, 
 
Comments In Opposition to the Gila River Diversion Project 
 
I conducted research of riparian vegetation at three sites along the Gila River in New Mexico as part of 
my Master’s thesis project at New Mexico State University (Joanne V. Hardesty 12/85). Additionally I 
participated in research on soil-vegetation correlations in riparian zones along the Gila and San Francisco 
rivers. I also lived near Bill Evans Lake for several years.and spent time hiking and camping along the Gila 
River. From personal experience I know how biologically diverse this area is. The intact riparian forest 
ecosystem along the Gila River and San Francisco rivers is extremely rare and should be protected. 
 
Riparian vegetation along the Gila River and San Francisco River is affected by watershed and water flow 
management practices. Although limited in aerial extent, these riparian ecosystems are 
disproportionately crucial for supporting biological diversity in the area. As I concluded in my Master’s 
thesis 35 years ago, special consideration should be given to the preservation of these unique 
ecosystems. 
 
According to the Nature Conservancy, the Gila River supports one of the highest concentrations of 
breeding birds in North America. This alone should be enough to warrant protection for both the Gila 
and San Francisco riparian ecosystems. The vast majority of southwestern riparian ecosystems have 
already been severely modified or completely destroyed. The time has come to afford protection to 
both the Gila and San Francisco rivers by not allowing the construction of concrete diversion structures 
along these rivers. Water diversion and construction of a dam across the entire floodplain could result in 
lack of reproduction of cottonwoods and the death of other riparian plants, such as sycamore and 
willow.  
 
The habitat destruction that occurs as a result of dam/diversion construction is well documented. Efforts 
are being made in many areas across our country to dismantle dams and return rivers to their former 
free flowing status. One such project is the removal of dams along the Elwah River in Washington state 
so that the Elwah once again flows freely from its headwaters in the Olympic Mountains to the Strait of 
Juan de Fuca. Fortunately, the Gila and San Francisco river ecosystems are still intact and able to support 
a wide array of wildlife, including seven threatened or endangered species. Rather than wasting money 
and destroying the Gila and San Francisco ecosystems, it is time to protect the Gila and San Francisco 
rivers by not funding this project. These intact riparian ecosystems are priceless and irreplaceable. New 
Mexico has the opportunity to showcase environmental stewardship and protect the Gila and San 
Francisco rivers. Please stop this destructive project now. 
 
Regards,  



Joanne Brown  
10830 Creekwood Dr 
Felton, CA 95018  



From: Joanne Brown <joannevbrown@gmail.com> 

Sent: Monday, July 9, 2018 10:20 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Comments In Opposition to the Gila River Diversion Project 

 

I conducted research of riparian vegetation at three sites along the Gila River in New 
Mexico as part of  my Master’s thesis project at New Mexico State University (Joanne V. 
Hardesty 12/85). Additionally I participated in research on soil-vegetation correlations in 
riparian zones along the  Gila and San Francisco rivers. I also lived near Bill Evans 
Lake for several years.and spent time hiking and camping along the Gila River. From 
personal experience I know how biologically diverse this area is. The intact riparian 
forest ecosystem along the Gila River and San Francisco rivers is extremely rare and 
should be protected. 

 

Riparian vegetation along the Gila River and San Francisco River is affected by 
watershed and water flow management practices. Although limited in aerial extent, 
these riparian ecosystems are disproportionately crucial for supporting biological 
diversity in the area. As I concluded in my Master’s thesis 35 years ago, special 
consideration should be given to the preservation of these unique ecosystems. 

 

According to the Nature Conservancy, the Gila River supports one of the highest 
concentrations of breeding birds in North America. This alone should be enough 
to warrant protection for both the Gila and San Francisco riparian ecosystems. 
The vast majority of southwestern riparian ecosystems have already been severely 
modified or completely destroyed. The time has come to afford protection to both the 
Gila and San Francisco rivers by not allowing the construction of concrete diversion 
structures along these rivers. Water diversion and construction of a dam across the 
entire floodplain could result in lack of reproduction of cottonwoods and the death of 
other riparian plants, such as sycamore and willow.   

 

The habitat destruction that occurs as a result of dam/diversion construction is well 
documented. Efforts are being made in many areas across our country to dismantle 



dams and return rivers to their former free flowing status. One such project is the 
removal of dams along the Elwah River in Washington state so that the Elwah once 
again flows freely from its headwaters in the Olympic Mountains to the Strait of Juan de 
Fuca. Fortunately, the Gila and San Francisco river ecosystems are still intact and able 
to support a wide array of wildlife, including seven threatened or endangered 
species.  Rather than wasting money and destroying the Gila and San Francisco 
ecosystems, it is time to protect the Gila and San Francisco rivers by not funding this 
project. These intact riparian ecosystems are priceless and irreplaceable. New Mexico 
has the opportunity to showcase environmental stewardship and  protect the Gila and 
San Francisco rivers. Please stop this destructive project now.  

 
Joanne Brown 

joannevbrown@gmail.com 

mailto:joannevbrown@gmail.com














Public Scoping Comment Card 
PLE SE PRINT 

Pease submit your comments using 
one of the methods below: 

Mail: 

Phoenix Area Office, 
Bureau of Reclamation 
(ATTN: NM Unit EIS) 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Email: NM U nitEl S@empsi.com 

Online: www.NMUnitEIS.com 

Comments: 

Date: 

Name:  L_LAN\ 

Organization (if applicable):  C-(- 7 Z_GrO 

Email Address:  "\-\„,( (6(1' /D .0-6\61N_, 

Street Address:  N\ .1 
M) 

City/State/Zip:  

WIT-h,c-444;10 AzEi  

Before including your address, phone number, email address, or other personal identifying information in your comment, you should be aware that 
your entire comment—including your personal identifying information—may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifying information from public review, we cannot guarantee that we will be able to do so. stet, 

41.PIIIENT OF THE For more information, visit www.NMUnitEIS.com 

OF irCIJOISC''' July 2018 , mu 

Interstate Stream Commission 



NEPA analysis of Gila Diversion Project 

It is difficult to comment on the Gila Diversion Project and the process of analyzing 
its impact on the environment. This is so largely because the project has been 
continually modified, and actual details about the nature of the diversion structures, 
ponds, other conveyances, and construction features are still evolving. Also left 
vague is the total amount of water to be diverted; although smaller ponds and 
catchment basins are currently proposed, the CAP Entity continues to state this is 
only a beginning posture, and that the full 14,000 acre feet of AWSA water will 
possibly be diverted in the future. It has also backed away from ISC's earlier 
promise of no diversion below 150 cfs, allowing for the possibility of total 
dewatering of the river. 

In effect, the NEPA process is being asked to address a poorly defined placeholder, 
making an accurate assessment of impact essentially impossible. 

The CAP Entity has clearly pursued a project aimed at maximizing its use of the 
AWSA construction money, rather than a specific and defined purpose in terms of 
the amount of water to be used by a known user community at a specific cost. It is a 
project in search of a purpose, and its intellectual dishonesty is manifest. The 
Bureau of Reclamation must analyze non-diversion alternatives that would meet the 
water needs of the four counties without adverse impact to the fragile Gila 
environment, including its numerous endangered or threatened species. 

Shelby Hallmark 
4225 Tom Lyons Dr. 
Silver City, NM 88061 





From: Maresa Luzier <mpluzier@gmail.com> 
Sent: Monday, July 9, 2018 4:22 PM 
To: NM Unit EIS 
Subject: Gila River Comments 
 
My husband and I just put a contract on a home in Mimbres, and coming to New Mexico because of the 
strong support for Natural Resources.  The Gila River should not be diverted.  Here are some of our 
concerns…. 
 
1.      There are other pressing needs for water besides agriculture. 
 
 a.    Section 212 (i) of the AWSA states that “the New Mexico Unit Fund shall be for the purpose 
of paying costs of the New Mexico Unit or other water utilization alternatives to meet water supply 
demandsin the Southwest Water Planning Region of New Mexico.”  Therefore, agriculture should not be 
the only beneficiary of the funds. The number of irrigators that may benefit from the proposed action is, 
at most, a few hundred in the four-county region, which has a population of around 60,000. 
 
2.       Other alternatives need to be considered. 
 
 a.     The identification and evaluation of alternative ways of meeting the purpose and need of 
the proposed action is the heart of the NEPA analysis. A no-action alternative, doing nothing, is required 
to be studied for the EIS, but there are also two solid alternatives that are cost-effective and would 
provide beneficial use of water in all of Southwestern New Mexico. 
 b.    The Deming Water Alternative Reportprepared by Western Resource Advocates and 
Audubon New Mexico describes water conservation and efficiency improvements that are a better 
alternative than the proposed action or no action. The projects would be the cheapest, fastest and best 
water supply strategy to meet the needs of the largest municipality in the region.  
 c.     The Grant County Regional Water Plan is a critical project for the region that would provide 
water security to the majority of residents in Grant County -- in Tyrone, Silver City, Arenas Valley, Santa 
Clara, Bayard, Hanover and Hurley. It has only received a small portion of its needed funding. 
 d.    The Southwest Regional Water Planof 2017 lists nine other water projects to address local 
water issues that are in need of additional funding. 
 
3.      The proposal will threaten the natural flow of the Gila and the flora and fauna that depend on it. 
 
 a.    The 2014 peer-reviewed Flow Needs Assessment published by The Nature Conservancy 
concluded that diversion of the types of flows allowed under the Consumptive Use and Forbearance 
Agreement (CUFA) would “have direct negative effects on many ecological processes.” 
 b.    There are seven threatened or endangered species that rely on this habitat, among which 
are amphibians, reptiles and birds. Altered flow regimes would seriously affect the spawning success of 
the spikedace and loach minnow, and the proposed diversions could threaten movement of fish 
upstream, with potential loss of genetic diversity. 
 c.     Significant habitat, including critical habitat for endangered species, has developed along 
several of the unlined irrigation ditches, but the proposed actions emphasize increasing capacity and 
lining portions of these ditches. The potential impact of the proposed changes to the ditches should be 
thoroughly studied.  
 d.    Expansion of the existing ditches could lead to significant loss of habitat along side them, 
and access roads along the ditches would prevent the recovery of any damaged habitat. 



 e.    The proposed diversion structures are not adequately described. A comprehensive and 
accurate EIS cannot be done when there is no design for the Gila diversion and the location is not even 
identified. A concrete diversion across the Gila River flood plain could have very detrimental effects on 
the fish that depend on the river.   
 f.     The existing diversions already dewater the Gila River during portions of the year. Larger 
conveyances will lead to earlier and more far-reaching dewatering. 
 
4.      Pumping groundwater could have devastating unintended consequences. 
 
 a.    Adequate hydrologic and geological studies have not determined that aquifer storage and 
recharge is even feasible. 
 b.    The riparian area near the proposed wells depends on adequate levels of groundwater in 
order to support the cottonwood trees.  
 c.     Groundwater levels for wells on other farms could inadvertently be lowered. 
 
5.      The proposal does not take into account the potential effects of climate change. 
 
 a.    A yield analysis has not been done that would confirm that water would be available for the 
proposed actions on the Gila or San Francisco Rivers. Stream flows are expected to decrease due to 
climate change. The Consumptive Use and Forbearance Agreement (CUFA) provides for most of the 
diversion to take place during historic snowmelt run-off, but snow melt is occurring earlier every year, 
and there could be years in the future with no snow pack. 
 b.    Increased evaporation could alter projections for storage reservoirs and aquifer recharge. 
 
6.      The proposed action is grossly unfair to the rest of the population in the four county region who 
are supposed to benefit from the $66 million in AWSA funds. 
 
 a.    At most, a few hundred farmers, and perhaps as few as fifty, will benefit from the proposed 
action. Over 60,000 people live in the region and they will receive no benefit. Many of the people in our 
region suffer from water insecurity. 
 b.    Although the proposal seeks to use funds that are restricted to construction ($44 million) 
some of the proposed projects, such as Weedy Canyon reservoir, exceed the amount of available funds. 
Will other AWSA funds be used for these? 
 c.     Will the $66 million portion of AWSA funds be exhausted to pay for Operation and 
Maintenance of the proposed action and will taxpayers be ultimately responsible for those costs? 
 
7.      Agricultural costs and benefits are not identified. 
 
 a.    Land ownership is poorly defined. Will the largest landholder in the Gila Valley, Freeport 
McMoRan, be the major beneficiary?  
 b.    What will be the cost of the water and have any potential customers been identified? 
 c.     What crops will be grown with the additional water? Will the current farmers be willing and 
able to switch their farms over to high value crops that will provide enough economic return to  
 justify the added costs? 
 d.    There are much larger agricultural areas in the four-county region, Luna County and the 
Bootheel of Hidalgo County (as well as on the lower Rio Grande and in Northern Mexico) than the farms 
proposed to receive AWSA water. Would the AWSA-watered farms be able to compete with these in the 
regional marketplace?  



 e.    Will there be a sufficient labor pool for increased agricultural production? The population of 
the four-county region is decreasing, especially in Catron and Hidalgo counties.  
 f.     The average age of farmers, 58 years, is increasing nationwide and probably locally. Will 
farming remain a viable occupation in this area? 
 
8.      A cost-benefit analysis should include non-diversion alternatives such as the Grant County Regional 
Water Plan and the Deming Water Alternative Report. 
 
I hope you will consider all of these options and thoughts before making such a important decision for 
the state of New Mexico.  Thank you for your time!! 
 
 
Maresa Pryor-Luzier 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



From: carolina <coyotecreative@gmail.com> 

Sent: Monday, July 9, 2018 3:20 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

 

To Whom It May Concern; 

 
 

I am submitting public comment on the proposed Gila River diversion. In 
short, I object to the project, for the following reasons — 

 
 

The project is ill-defined, lacking specifics that would enable the public to form a true picture of 
the undertaking and its effects. However, we know enough to see that the project will cost 
several times more than the AWSA construction subsidy provided, and will unfairly withhold NM 
Unit Fund dollars from community water projects that could meet the water needs of 60,000 
people in southwest New Mexico. 

 

There are several damaging and unacceptable environmental impacts — 

 
 

• The proposed action eliminates the ISC’s 150 cfs minimum flow, 
allowing the new diversion to dewater the river and extending the 
period of dewatering during ecologically critical times.  

• The diversions and infrastructure will harm critical habitat for seven 
threatened or endangered species, including the loach minnow and 
spikedace, southwestern willow flycatcher and yellow billed cuckoo, 
northern Mexican garter snake and narrow headed garter snake, 
and Chiricahua leopard frog.  



• Declining groundwater levels caused by the diversion and new 
groundwater pumping could threaten the health of the cottonwood-
sycamore-willow bosque, some of the last remaining intact riparian 
forest in the Lower Colorado River Basin.  

• The diversion dams will also limit recreation opportunities such as 
river running, and potentially impact irrigators. 

 

The proposed plan would take out a much larger amount of water than is needed for the 
small amount of storage contemplated in the proposed action. According to water studies, 
Southwest New Mexico groundwater supplies can meet municipal water needs far into the 
future.  

 

The NM Unit proposed action is expensive, unaffordable and unfair — 

 

The AWSA subsidy will not cover the full cost of the proposed action, leaving tens 
of millions of dollars for citizens to cover.  

Project water is too expensive for farmers to buy, costing at least $1,500, an 
unfeasible amount.  

The proposed action will require spending all the available AWSA funds on only 200 
irrigators and international mining giant Freeport-McMoRan for a small amount of 
new irrigation water. This is unfair to the rest of the 60,000 people of southwest 
New Mexico whose water systems need improvements.  

Currently, $50 million in critical community water projects remain unfunded.  

 

The public must be informed — 

• What are the engineering details of the proposed action? What type of diversion will be 
constructed?  

• How much new AWSA water will be diverted, how much will be lost to evaporation and 
seepage and remain for beneficial use, when will it be diverted and consumed, and for 
whose use and where?  

• Will BOR and ISC allow the diversion to dewater the river, rather than decrease river 
drying as the ISC has claimed for years?  



• What is the cost of the proposed action? What is the cost of the new water? Are there 
any water users willing and able to pay for project water?  

• What is the net economic benefit of the NM Unit? Do its benefits exceed costs? By how 
much?  

• What are the environmental impacts of the proposed action and will the proposed action 
jeopardize the existence of the Gila River’s seven threatened and endangered species? 
What project features or mitigation requirements will be included to reduce impacts? 

 

Water needs can be met cost-effectively by implementing non-diversion alternatives. We can 
immediately spend the $66M from the AWSA on priority community water projects that will meet 
our needs far into the future without building a costly Gila diversion requiring massive ongoing 
public subsidy to benefit very few. 

 

As a Silver City resident, I demand that BOR assess environmentally friendly alternatives to this 
action in order to ensure that threatened and endangered species and riparian habitat are not 
adversely impacted.  

 

I hope that BOR will act responsibly toward its citizens and the environment by rejecting this 
project and embracing solutions that are cost-effective and work for everyone with the least 
amount of harm possible. That is the only human thing to do. 

 

Sincerely, 

 

Caroline Metzler 

44 Kirkland Rd. 

Silver City, NM 88061 
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From: rsouthwick <rsouthwick@aol.com> 
Sent: Monday, July 9, 2018 2:57 PM 
To: NM Unit EIS 
Subject: Gila diversion 
 
It seems this is a last minute hodgepodge effort to divert Gila River water. 

1. Environmental warming along term draught issues were not address. Is there going to be any 
water to divert? The Gila River ran at 5 cfs this year. 

2. Forest fire devastation of  stream and river drainage systems were not address. Studies at CSU 
show forest fire areas decrease the amount of precipitation in these areas and thus stream flow. 

3. Also fire scar flash floods were not addressed. The amount of the debris coming down these 
drainages could easily take out these diversion structures. 

4. I saw no minimum flow levels addressed for the Gila River. Taking water out during the winter 
which already has low flows would surely impact fish, the riparian ecosystem, and wildlife, to 
say nothing the endangered species. It is not OK to dry up the river. 

5. It seems ridicules to have the Interstate stream commission evolved in the EIS along with 
Reclamation as the ISC  developed this plan. The fox guarding the hen house. 

6. I saw nowhere who was going to pay for this project and maintain it. Can they pay for it and 
when it fails does the whole general public get stuck with the bill once again? 

7. How many people would actually benefit from this water. 
8. Algae bloom in the shallow warm ponds was not address. The toxins produced killing fish and 

wildlife. Shallow stagnate ponds are ideal breeding grounds for mosquitoes.   
Ill-conceived and poorly thought out expensive project. 
Why? 
Robert Southwick 
 



July 9, 2018 

NM Unit EIS, 

Please accept my comments and questions to go on record concerning the proposed Gila River 
Diversion project. 

For more than a decade, the NM CAP and NMISC has squandered 15 million dollars in fruitless 
attempts at planning a dam/diversion project on the Gila River under the AWSA. In my opinion, 
this waste of time, effort and millions of dollars is due to the fact that the proposed action is 
poorly defined and planned. In addition to the lack of planning, the adverse effects of the 
proposed diversion/ dam is exponentially damaging to the environment in perpetuity. Also, the 
NM Unit proposed diversion/dam is very unjust and unreasonable for many people in 
southwest New Mexico. The following are questions that need to be addressed before 
following through on such an imprudent project: 

The proposed action is poorly defined and planned 

• What is the clearly defined project that our $15 million dollars in expenditures should 
have clearly defined by now? Is it a diversion, a dam, a storage project? What precisely 
is the project? 

• Where, exactly, will the proposed project be located? 
• Where are the engineering details? 
• What type of structure is being proposed? 
• What type of storage tanks and pumping will be utilized? 
• Where is the cost-benefit analysis? 
• How many people will benefit from the stated need of agricultural use? Will it be all of 

the 60,000 residents of southwestern NM that benefit or a few farmers and special 
interests? 

• How many new acres will go under agricultural production with this "new water"? 
• Does the amount of farmers benefiting substantiate the HUGE cost of this proposed 

diversion dam? How much new revenue will be generated for these few farmers? 
• Why is the CAP potentially proposing a dam, when dams are clearly archaic objects of 

the past? In the past 100 years, more than 1,150 dams in the United States have been 
breached because economic and scientific evidence proves that removing dams is 
overwhelmingly beneficial for environmental and socio-cultural impacts. 

• How much water will be diverted? 
• How much water will be lost to evaporation and seepage? 



• What will the total cost of the proposed project be up to now and in the future 
(considering maintenance and operation expenses, mitigation for environmental and 
cultural damage, and potential litigation for additional take of water and ESA issues)? 

Adverse effects of the proposed diversion/ dam is exponentially damaging to the 
environment 

• What will become of the Gila River's several threatened and endangered 
species? 

• Who will pay for the litigation under the ESA when the T&E species populations 
are damaged /lost due to dewatering of the river? 

• What will happen to the flora and fauna of the Gila riparian zone? 
• What will happen to the last remaining intact riparian forest of cottonwoods, 

sycamores, willows and other vegetation in the Lower Colorado River Basin 
when the diverted water is denied downstream? 

• What will happen to ambient temperatures when the bosque does die from lack 
of water because of this project? Are we willing to increase temperatures even 
more? Has any of this been looked into and if so, is that analysis available to the 
public? 

• What about our future generations and their ability to have access to a free 
flowing river for enjoyment and connection to nature? How can this be 
overlooked? 

• What about the economy lost because river recreation opportunities such as 
nature-based travel and outdoor recreation are "dried up"? 

NM Unit proposed diversion/dam is very unjust and unreasonable for many people in 
southwest New Mexico 

• Will the citizens of the four counties affected pick up the remaining cost of the proposed 
project when the AWSA subsidy is used up? 

• Will the irrigating farmers be happy to pay approximately $1,500 more per acre foot of 
water if the proposed project goes through? 

• What about people like me, who would like to have a reliable supply of running 
household water? Currently, my family and surrounding neighbors run out of well 
water during dry months. Due to cost of infrastructure, we do not have access to any 
city domestic water sources because the infrastructure is either absent or obsolete. The 
waiting list to get on the closest water source is unattainably long and open only when a 
water user gives up the water district. ***Why not use the AWSA $66 million dollars to 
help fund the Grant County Regional Water Project instead?  Isn't this a WISER use of 
meeting locals' water needs? 

• What about our neighbors in Arizona? How will they respond when their river isn't 
flowing to them anymore? Will we, the citizens of New Mexico, have to carry that on 



our consciences and in our pocketbooks when potential lawsuits from Arizona residents 
start rolling in? 

• Will we the citizens have to pay for mitigation costs from this project? 

All in all, the proposed NM CAP and NMISC Gila River Diversion Project negative costs 
monetarily, environmentally, and socio-culturally outweigh the proposed benefits of the 
project. This proposed project should not be allowed to continue. Instead of spending the rest 
of the 66 million dollars on an unfeasible, ill-planned, damaging and outdated diversion/dam 
project, in my opinion, water needs for NM southwestern counties can be met with other 
alternatives. Please consider the proven and positive alternatives to the proposed Gila River 
Diversion Project that will benefit all the people and the environment of southwestern New 
Mexico and southeastern Arizona. 

Thank you for your time. 

Sin erely, 
,-/ 
L 

YvF/tte Torrez-Troy 
Teacher 
Multiple generation New Mexican 
NM agricultural producer family 





Serious Concerns Regarding the NMCAP and ISC 's Diversion Plans 

I have attending many ISC meetings and NMCap meetings, and the lack of 
knowledge regarding the details of diversion plans is HUGE! 

Over 15 million dollars have been spent on consultants and engineers only to come 
up with a highly questionable plan that keeps changing overnight to reveal even 
more problems needing even more consultants and engineers! The waste of this 
money is a travesty when much of it could have been spent on feasible non-
diversion projects and conservation projects that have already been laid out. 

Right now the Grant County Region Water Supply project is millions short, even 
after going begging for some grants! It is yet another travesty that this project has 
not been funded IN FULL by the ISC! This Grant County water project would help 
26,000 people vs. the handful that are supposed to benefit from spending millions 
and even billions to build and maintain a diversion project. Just plain wrong. 

The waste of money that has already occurred and continues unabated puts these 
thousands of people in the southwest at risk that need this Grant County Region 
Water Supply project to happen now. 

Hundreds more farmers along the Gila could use AWSA money for high tech water 
conservation equipment for their crops NOW with the extreme droughts over 99% 
of the state. With climate change this will only get worse—we need to keep all the 
water in the River, so all farmers can have access to it for their crops. 

WHO WILL PAY? The groups proposing this damn have not clearly revealed who 
will pay for the project and ongoing maintenance? WE NEED TRANSPARENCY. Will 
this water go to help Freeport? Urban population growth in Deming? Las Cruces? 
El Paso? If this is the ultimate plan, should we give up our water for urban 
population growth and then pay more money for our water losses? NO WAY. 

We already know that New Mexico taxpayers will end up footing the bill for water 
that we take out and doesn't continue downstream to Arizona and the Gila Native 
tribes as has been promised in prior agreements. 

Most critical is also the ecological impacts on a river run dry. There is no rule saying 
that ANY water has to be left in the river. The river could be siphoned dry. There 



are seven threatened and endangered species in this precious riparian habitat that 
exist nowhere else. 

Also, extremely critical is the nature of ecotourism that Grant County has built up 
over the years. Without the river, people who hunt, fish, bird-watch, camp, hike, 
and go on backpacking trips throughout the Gila River will be devastated. 

Many local and regional professional business people depend on the river for their 
livelihood in ecotourism. By some estimates millions of dollars will be taken from 
our local economy that has no big businesses or factories to supply other types of 
jobs. 

Culturally, the Gila River is significant to so many different groups who have lived 
here for generations: farmers, native peoples, spiritual healers, religious groups, 
veterans, and everyone who seeks comfort and mental health from visiting the 
natural free-flowing river. 

Water is life. Our Gila River is our life. 

There is no reason to destroy the Gila River. Those who want to do so are only 
interested in wasting taxpayers' dollars for a boondoggle that will never succeed. 

The Gila River has several different flows, and some of these flows are strong 
enough to take down or jump over any diversion attempt. 

The Gila River must remain free-flowing for the sake of the citizens who live here 
and respect it and for the sake of the precious habitat for wildlife. 

Janet Wallet-Ortiz 

2009 N Juniper Ave 

Silver City, NM 88061 

575-388-2033 



From: Dr. Mary E. Hotvedt <maryhotvedt@aol.com> 
Sent: Tuesday, July 10, 2018 2:27 PM 
To: NM Unit EIS 
Subject: economic considerations 
 
Dear Steve Piper and EIS team---In doing a detailed cost/benefit analysis, I urge you to take into account 
the relatively small number of citizens in Catron, Grant, and Hidalgo Counties who will use the water 
diverted from the Gila, based on the most recent iteration of project proposals. The number of people 
who benefit from the river being left in its current state, for comparison’s sake, are those that use the 
river for recreation—or the dollars generated by tourism and river-based recreation in the same 
counties.  
 
Another economic consideration are the costs and benefits of using the monies already designated to 
complete other water security projects in the same area. The pot of money for those projects is 
currently being depleted by the constantly shifting objectives of the CAP Entity, always requiring new 
engineering reports and further legal consultation. 
Thank you for the time you took at the Grant County Scoping meeting to speak with me and other very 
concerned citizens---Best regards-mary E. Hotvedt 
 
 
Sent from Mail for Windows 10 
 

https://go.microsoft.com/fwlink/?LinkId=550986


From: Laurie Lacey <dlcl4505@gmail.com> 

Sent: Tuesday, July 10, 2018 2:31 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

To Whom It May Concern: 

As a concerned NM citizen I am opposed to daming the Gila River. I do not think that this proposal is 
prudent or thoughtful. 

Sincerely, 

Laurie Lacey 



From: Tasha Marshe <tashamarshe@gmail.com> 

Sent: Tuesday, July 10, 2018 3:26 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I am writing to object to the diversion of the Gila River. 

 

!. This poverty stricken community needs all the tourist attractions it has to lure people here to spend 
money. 

 

2. We are very remote. Our natural resources like the wild Gila river provide a recreation place for our 
children who have little to entertain them, and to bring our relatives when they visit. 

 

3. We have fought for this so long we are worn out. We want to keep what we have, and heaven knows 
it is little enough. We have had NO recovery here economically since the 2008 recession. Don't make it 
worse for us. 

Respectfully, 

Tasha Marshe 

1919 cactus street  

silver city, nm 88061 



From: Tasha Marshe <tashamarshe@gmail.com> 

Sent: Tuesday, July 10, 2018 3:21 PM 

To: NM Unit EIS 

Subject: EI S 

 

I am writing to let you know that our community is against the Gila Diversion. We have been fighting this 
so long now we are quite worn out. We need the river for our struggling tourist industry. Furthermore 
we are a very poor community and we need all the economic help we can get. being as remote as we 
are and how far it is to visit anywhere else we really depend on these local amenities for recreation, to 
bring our visiting relatives and entertain our children. 

Please don't do this to us. We love our wild river and want to keep it this way. 

Thanks for your support in this matter, 

Tasha Marshe 

1919 Cactus Street 

Silver City, NM 88061 



From: Stewart Rooks <strooks@yahoo.com> 
Sent: Tuesday, July 10, 2018 8:10 PM 
To: NM Unit EIS 
Subject: Gila Diversion 
 
It has been the custom and culture for the Gila river to provide water for both recreational and 
agricultural purposes. Capturing and storing water during times of high flow will insure that water is 
available for said usage. It is also important to note that several species listed on the endangered species 
list also rely on a steady flow of the river. The Grant County Farm and Livestock Bureau supports the 
collection and storage of the water to be used exclusively by the agriculture communities along the Gila 
river and to sustain the the flow of the river to support the vast amount of wildlife along the Gila river. 
 
Stewart Rooks 
Grant County Farm & Livestock Bureau President Sent from my iPad 



From: Patricia Taber <ptaber@live.com> 

Sent: Tuesday, July 10, 2018 10:19 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Bureau of Reclamation  

NM ISC 

 

There is not enough water in the Gila River for this project and it would cause considerable destruction 
to the area. Climate change has not been considered. 

 

There are not enough farmers in the Gila Valley to spend all the money on diversions, ponds and wells.  

 

Please take into account all 4 counties that deserve to share these AWSA funds to do water conservation 
and fund their water needs and projects. 

 

This would benefit many thousands of residents in the 4 counties, and not just a few Gila farmers. 

 

There is NO NEED for ruining the Gila Valley and there is GREAT NEED for the 4 counties to bring their 
water conservation projects to reality. 

 

Thank you, 

Patricia Taber 

Silver City NM 

 



From: Barb Deshler <bjdeshler@gmail.com> 

Sent: Wednesday, July 11, 2018 5:16 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

Attachments: Gila Scoping Comments.pdf 

 

Enclosed are my comments on the Scoping for the Gila Diversion Project EIS. 
 
Barbara Deshler 
Environmental Scientist 
505-285-7690 

 



Comments on Scoping for the Gila River EIS 

 It is essential that the NEPA EIS examine a robust range of alternatives – including non-
diversion alternatives.  The process must be based on the best science, especially regarding 
threatened and endangered species, climate change, and engineering.   

So far, only one alternative appears to be under consideration. Additional alternatives should 
include a no-action alternative and an alternative which shows how water needs can be met in the 
southern part of New Mexico without creating diversions of the Gila River. This alternative 
needs to be fully developed so that it can be fairly compared with the ISC’s preferred alternative. 

The EIS must include an analysis of all of the alternatives consistent with the Federal 
Principles, Requirements, and Guidelines for Water and Land Related Resources 
Implementation Studies” (PR&Gs).  

The PR&Gs identified in the NMUA are critical to the environmental compliance effort.  In 
November of 2015, DOI promulgated its “Agency Specific Procedures For Implementing the 
Council on Environmental Quality’s Principles, Requirements, and Guidelines for Water and 
Land Related Resources Implementation Studies” (DOI ASP).   

 The DOI ASPs, among other things: 

-- Require that climate change impacts be analyzed with respect to alternatives (pp 18-19, 
22);  

-- Deem consideration of nonstructural alternative actions or plans that meet the planning 
objectives an “integral part” of any analysis (pp. 20, 23);  

-- Require analysts to “first consider opportunities to improve water efficiency with 
respect to existing water infrastructure and supplies” (p. 23);  

-- Mandate use of “the best available science, data, analytical techniques, procedures, 
models, and tools in ecology, hydrology, economics, engineering, biology, and other 
disciplines” (p. 20);  

-- Require use of ecosystem services (pp. 32-36) as well as benefit-cost (pp. 37-42) and 
cost effectiveness (pp. 44-45) analyses;  

-- Mandate peer-review of the analysis (p. 49); and  
-- Require decision documents to identify the “environmentally preferred 

alternative” (p. 50). 

Further, a thorough inventory of threatened and endangered species (both animal and vegetable 
kingdoms) of the affected area and downstream area must be completed, and human health and 
ecological risk assessments completed for all alternatives. 



Environmental justice considerations must be evaluated for the various human communities who 
stand to be affected by each alternative. These must include careful examination of water rights 
to ensure that existing water rights will not be usurped.  

Recreational uses of the area, both where the planned action would take place, and downstream 
of there, must be evaluated as beneficial uses, and must include the economic contribution of 
those activities and how they would be affected by each alternative.  

Climate change evaluation must include stochastic modeling for the area using each alternative 
and at least 500 year predictions for climate change. New Mexico doesn’t have much water, and 
if there’s even less, diverting what there is would be devastating to the ecosystem. 



From: Betsy Holdsworth <betsy.holds@gmail.com> 

Sent: Wednesday, July 11, 2018 9:30 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Betsy M Holdsworth 

102 East Fork Rd 

Mimbres, New Mexico 88049 

  

Members of the New Mexico Cap Entity 

Bureau of Reclamation Phoenix Area Office 

6150 West Thunderbird Rd 

Glendale, Arizona 85306 

July 9, 2018 

  

To the Members of the New Mexico Cap Entity, 

  

Thank for the opportunity to be part of the scoping process during your 
preparation of an EIS for the Gila River Dam diversion project. 

  

It has been difficult and frustrating trying to understand the persistence of this 
project for a dam and large scale diversion of water from the Gila River. 

How and why after a decade and 15 million dollars of public funds this enormous 
amount of time and money have failed to create a comprehensible and feasible 



project and is still being slogged along?  It has become such an incredible waste 
of time and money and widely seen as an outdated costly plan with dubious 
benefits in this current era of understanding how best to address water needs 
and conservation in the desert climate of New Mexico. 

My primary concerns are with the lack of a complete engineers report on the 
feasibility on diverting an unnecessary 14,000 acre ft of water from the Gila River 
and its potential negative impact on the bioregion of the Gila River. 

•     Includes potential destruction of the last intact riparian forest of the Lower 
Colorado River Basin 
•     May threaten seven identified endangered or threatened species of   
•      Eco tourism to the area 

  

Funds that could be directed to more creative and inclusive water use and 
conservation plans than diverting more than can be used by 400 irrigators who it 
proposes to serve. 

There should be: 

* More extensive engineering plans that address storage, evaporation, and 
seepage and waste before any EIP can be assessed 

* The rationale for this enormous project to provide expensive water for a few 
when there is much to be done for some 60,000 New Mexicans with these public 
funds needs to be made public 

I would like to see the NM Cap Entity consider other plans for the use of these 
funds than this diversion plan that could unalterably destroy the rare and 
vulnerable ecosystem of the Gila River. As members of ISC you are entrusted to 
full fill your duties to protect and conserveNM waters while one hopes this 
commission might find the creativity and courage to also fulfill your 
duties of  investigate and develop in more efficient and beneficial ways for the 
communities of southwestern NM. To simply hurry ahead with an EIS with the 
lack of a solid plan and public support is senseless and a crime to this region. Our 
governing forefathers saw to designate the area a wilderness to protect it’s 
natural resources from human destruction. This area lies just outside this 
designation. Is it’s potential destruction your legacy? 

Sincerely, 



Betsy Holdsworth 

  

  

  

  

  

   

  

Betsy Holdsworth 



From: Howard Hutchinson <aznmc@earthlink.net> 

Sent: Wednesday, July 11, 2018 1:05 PM 

To: NM Unit EIS; Sean Heath 

Cc: Darr Shannon; Anthony Gutierrez 

Attachments: Additional Scoping Comment AWSA NEPA.docx 

 

NEPA TEAM, 

 

Please see our attached additional issue for scoping on the New Mexico Unit of the Central 

Arizona Project. 

 

As another note the San Francisco SWCD approved the MOU for cooperating agency at our 

meeting and the signed copy should be arriving via U.S. Mail 

 

Howard 

 

Howard Hutchinson, Chair 

San Francisco Soil and Water Conservation District 

P.O. Box 119 

Glenwood, New Mexico 88039 

Home, Phone & E-mail 

62 Wild Horse Road 

Glenwood, NM 88039 

(505) 379-9243 

aznmc@earthlink.net 



 

CONSERVATION -DEVELOPMENT -SELF-GOVERNMENT 

 
 

San Francisco Soil and Water Conservation District 
P.O. Box 119 – Glenwood, New Mexico 88039 

575-539-2473 
 
 
 
 
 
 
 

 July 11, 2018 

 

Phoenix Area Office 

Bureau of Reclamation 

ATTN: NM Unit EIS) 

6150 West Thunderbird Road 

Glendale, Arizona 85306 

 

RE: New Mexico Unit EIS Scoping 

 

Dear Sirs & Madams, 

 

The following is an additional issue the San Francisco Soil & Water Conservation District (District) believes 

should be addressed in the NM Unit EIS: 

1. Administration of the AWSA water use by the New Mexico office of the State Engineer for ground 

water diversion, surface water diversion and aquifer storage and recovery. 

 

Howard Hutchinson, Chair 



From: Ginger Li Serpentine <gingerli46@gmail.com> 
Sent: Wednesday, July 11, 2018 10:17 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Greetings and sincere thanks for hearing the people. My name is Robert Gosman , I live at 1206 Gold St. 
, Silver City NM and I am against the 'proposed' Gila diversion dam project. I am a grateful recipient of 
industry; however I am a member of a rapidly growing populous aware of the irrefutable necessity to 
COEXIST with the course of nature. From here, it appears the World agrees that our Kind depends on it. 
Again, thank you for hearing the will of the people ~ for whom industry exists ~ via organizations such as 
Gila Conservation Coalition.   



From: Donnie Stailey <donrstailey@gmail.com> 

Sent: Wednesday, July 11, 2018 6:03 PM 

To: NM Unit EIS 

Subject: Public Scoping Comment 

 

(1) My first concern is I have lived in this Gila Valley all my life (77 years). My grandparents came here in 
the 1920's. We have farmed this valley all this time. Agriculture is the main source of livelihood here. 
What that means to me and other farmers is water to grow crops. We need sufficient water from the 
Gila River to be able to farm and to be able to store some to be used in time of shortage. 

 

(2) My wife and I have been involved in the AWSA process for approximately 13 years. We have been to 
meeting after meeting. We have heard the same questions over and over and the same answers over 
and over. We have heard of study after study and I believe there may not be a study that hasn't been 
made about or on the Gila River. It is very disheartening to see so much time and money wasted on such 
nonsense (bureaucracy). There has been $$$ spent on such things and not one grain of sand has been 
moved to help agriculture. 

 

(3) I have concerns about the proposed basket- or gabion-type of diversion structure. We are spending 
a lot of money on what I believe is not much better than the push-up diversion we are using today. Rock 
does not stop water completely. It seeps through, so when the River is down to 10 or 8 cf/s, we will lose 
almost all of that to seepage. 

 

(4) I do like the proposal of using the ditches to help catch and store the water in high water events. 

 

Thank you, 

Don Stailey 

Ft. West Ditch 

Gila Farm Ditch 

Gila Basin Irrigation Association 







July 8,2018 

Phoenix Area Office 
Bureau of Reclamation, ATT: NM UNIT EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Re: Diversion of the Gila River in SW New Mexico, Proposed by the Interstat 
Commission (ISC) 

To Whom It Concerns: 

I have spent most of the winters of the past 20 years as a resident of the Gila River Valley. I 
submit these comments as part the Bureau of Reclamation's (BOR) legal obligation to solicit and 
consider public input during the National Environmental Policy Act (NEPA) scoping process. I 
have followed the ISC's process and ever-changing proposal for years. My comments: 

1. Despite having since the Arizona Water Settlement Act passed in 2004 to develop, 
consider and gain public comment on a project to use Gila River water in beneficial 
ways, and despite having spent over $15 million of public funds, the ISC's proposed 
diversion for river water now being consider is extremely ill-defined and vague. 

2. The ISC has changed its proposed project so many times that they've wasted millions on 
consultants and now offer to the public, at the last minute to barely make their legal 
deadlines, a project for NEPA review with no clear description of how water would be 
diverted from the river, how it would be conveyed to any unspecific locations, how it 
would be stored, who would be the end-users, or how the project would be paid for. 
None of these questions are answered in the proposal, and therefore EIS scoping is like 
shadow-boxing: WHAT exactly is being proposed? WHAT is being evaluated? 

3. The ISC claims their proposed project allows for ranchers along the San Francisco and 
Gila River watersheds, including the Virden Valley, to increase consumptive use of river 
water. The proposal includes construction of at least two diversion dams, additional 
and enlarged irrigation ditches, storage ponds (both lined and unlined, some of which 
may require pumping) and other infrastructure to build and maintain the project. 
Nowhere are the specifics of any of this extensive project clearly spelled out. Hence the 
environmental impacts cannot be intelligently predicted and reasonably evaluated. 

4. Regardless, because of the relatively unimpaired current status of the upper Gila River 
and what conclusions we can draw from the ISC proposal to divert river water from its 
natural channels, we can expect the following negative impacts to the river and its 
environs: a) harm to the seven threatened and endangered species that inhabit the 
river; b) loss of qualifying status for Wild and Scenic River, an important level of 
protection for which the Gila has already been proposed; c) loss of critical riparian 
habitat along the river corridor used by birds and other wildlife and by humans for 
recreation; and d) loss of over-all precious water due to seepage, additional conveyance 
and storage, all of which are inadequately addressed in the project proposal. 



5. There are economic reasons against the plan as well: a) none ofthe numerous ISC plans 
proposed throughout the process have ever clarified true costs of any project; b) 
nevertheless, all cost estimates have been millions of dollars beyond available funds; c) 
no revenue source to make up the difference has ever been explained or identified, and 
d) assuming the ranchers intended to gain additional water are the implied purchasers, 
the cost to them would have to be prohibitive to cover project costs. 

6. Further, there are common sense and opportunity-cost reasons against the project. A) 
Irrigating ranchers are already withdrawing many times their allotted amounts from the 
river and ground water, so the promise of being able to get more is illegal. B) Recent 
studies regarding future water needs for the region suggest that nowhere near the 
amount proposed for removal from the river by the ISC project is necessary and that 
water needs can be met by less costly and less harmful water-use plans. C} the ISC 
project would benefit a very small number of regional citizens (about 200, plus industrial 
uses) - at a very high cost to the remaining citizens. This is unreasonable for a publicly 
funded project and unfair. D) Alternative projects for use ofthe AWSA water, like the 
inclusive, regional plan that gets water to the town of Hurley, which is about to run out 
of water - were not funded by the ISC. This project makes much more critical, efficient, 
and fair use of any available water. 

Despite all of these reasons against the ISC-proposed project, the most critical reasons being 
that the project is ill-defined and unpaid-for, the ISC favors the diversion dam boon-doggie. I 
am against proceeding with this project and urge the BOR to reject proceeding with it any 
further. 

Si:~{~ 
April E! Crosby 
PO Box 309 
Gila, NM 88038 
Residence: 448 Box Canyon Rd, Cliff, NM 88028 
And: 380 Styx River Rd, Fairbanks, Alaska, ,99709 







From: Claudia Duerinck <arizrn@msn.com> 
Sent: Thursday, July 12, 2018 5:47 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
To Whom It May Concern; 
 
I attended the public meeting in Cliff on the 10th. I found the meeting informative but I did receive 
information that was contradictory. One representative told me that water drawn from the proposed 
well sites would be AWSA water  and another representative of the NMCAP Entity told me that it would 
be adjudicated water and maybe AWSA water. Not sure which is true. 
 
I left the gathering with a few concerns: 
 
1. We own property in the upland above the valley. Per the revised map a retention pond and a 500GPM 
well will be located directly below us. What effect will this and the other 8 ground water wells have on 
our domestic well and those of our neighbors? One hour of pumping will consume 30,000 gal. of water 
from the aquifer far more than seepage from the retention pond would you not agree? I was assured 
that the pumping will only occur during times of low river flows in order to keep water in the ditches 
and the river. I don't trust that this will always be the case. 
 
2. My second concern is that there will be no checks and balances regarding the amount of water drawn 
on the ditches. The answers I was given regarding full use of adjudicated water rights was less than 
reassuring. If a person uses their full right would they not need to purchase AWSA water if they wanted 
to continue irrigating for the year?  
Apparently it will be on the "honor system" and a complex calculation based on the crop being watered. 
In my mind, no metering means, "Use what you want and we'll calculate it out for you later." Why no 
metering in this valley when it is included in the plans for Virden and the San Fran Cisco Valley? 
 
3. Economically, I foresee absolutely no change in the so called agriculture in the valley except for 
maybe a few hundred additional acres of pasture grass or alfalfa. Agricultural users in the valley have 
not indicated any intention of growing actual food crops nor have they built any infrastructure to that 
end. Beef is the major crop and the grass that feeds them. If $30 - $40 million dollars of federal money is 
going to be spent for a small handful of private citizens with private water rights (47 to be exact and 1 
large corporation) what will be the benefit to the community, county or state? What they do here, if not 
heavily subsidized by their fellow taxpayers, would not even be possible. So, what will be the true cost-
benefit? 
 
In conclusion I would like to offer at least one suggestion for improvement and reduction of cost. (Even 
though I do not believe that it is righteous to use public funds for private endeavor that does not give 
back on the investment and perpetuates the myth of economic benefits.) Upgrade and solidify the 
irrigation system for more efficient use and forget the rest. 
 
Respectfully submitted, 
 
Claudia Duerinck, PO Box  392, Gila, NM 88038. 575-535-2422 
 



From: Robert S. Lynch <RSLynch@rslynchaty.com> 

Sent: Thursday, July 12, 2018 3:15 PM 

To: NM Unit EIS 

Cc: Robert S. Lynch 

Subject: Fwd: NM Unit EIS 

 

 

Robert S. Lynch 

Robert S. Lynch & Associates 

340 E. Palm Lane, Suite 140 

Phone:  (602) 254-5908 

Fax:  (602) 247-9542 

Cell:  (602) 228-6355 

E-Mail:  rslynch@rslynchaty.com 

 

Sent from my iPhone 

 
Begin forwarded message: 

From: "Robert S. Lynch" <RSLynch@rslynchaty.com> 
Date: July 12, 2018 at 3:13:13 PM MDT 
To: "NNUnitEIS@empsi.com" <NNUnitEIS@empsi.com> 
Cc: "Robert S. Lynch" <RSLynch@rslynchaty.com> 
Subject: NM Unit EIS 

To the extent that Reclamation intends to communicate with interested parties beyond 
the designated website, please include the undersigned in that effort. 
 
Robert S. Lynch 
Robert S. Lynch & Associates 
340 E. Palm Lane, Suite 140 

mailto:rslynch@rslynchaty.com
mailto:RSLynch@rslynchaty.com
mailto:NNUnitEIS@empsi.com
mailto:NNUnitEIS@empsi.com
mailto:RSLynch@rslynchaty.com


Phone:  (602) 254-5908 
Fax:  (602) 247-9542 
Cell:  (602) 228-6355 
E-Mail:  rslynch@rslynchaty.com 
 
Sent from my iPhone 

mailto:rslynch@rslynchaty.com


From: J MCENTIRE <jomcen@msn.com> 

Sent: Thursday, July 12, 2018 12:58 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Comments on the EIS scope for the Gila River project:  
 
 
1.   The BOR must assess environmentally friendly diversion alternatives to the proposed action 
to ensure that threatened and endangered species and riparian habitat are not adversely impacted. 

2.   Water needs can be met cost-effectively by implementing non-diversion alternatives, which must 
be considered in the EIS so that citizens and our elected officials can compare and contrast during the 
process.   

 

 

Joanne McEntire  

 

505 400-1645 

joannemcentire@gmail.com 

 
 

1224 Nakomis Dr. NE - I 

Albuquerque NM 87112 

 
 

 

mailto:jomcen@msn.com
mailto:oannemcentire@gmail.com


From: BarbaraAnne Rich <babarbaraanne@gmail.com> 

Sent: Thursday, July 12, 2018 6:53 PM 

To: NM Unit EIS 

Subject: Public Scoping Comment 

 

Public Scoping Comments 

July 12, 2018 

BarbaraAnne Rich 

babarbaraanne@gmail.com 

452 Box Canyon Road 

Cliff NM 88028 

 



 



 
 

Taken this morning on the Upper Gila ditch at my home, this 
photo illustrates some of the concerns I have about the 
proposed paving of Gila NM ditches and fields.  

o ENVIRONMENTAL IMPACT  
o Bird Habitat—The old walnut tree, ash trees, mesquite and 

grape all provide cover, nesting places and food for 
multiple species of birds including the threatened Yellow-
billed Cuckoo and other animals. The growth is dense 
enough to keep out people and so provides safe places and 
rich habitat. In 2002 I participated in a study of Yellow-
billed Cuckoo in the Gila Valley and the Gila National 
Forest. They are not easy to find elsewhere but spend 
summers in the Gila Valley. They only nest a riparian area 
with big trees. Their distinctive calls are cause for 
rejoicing—in the presence of the bird also known as the 
“rain crow” because it is active in monsoon season and 
seems to come with the rain.  

o At the end of these comments I will list bird species I have 
observed in this very small area of the ditch bordering my 
land. It would break my heart to see them lose that habitat  

o  

o Evaporation and aquifer recharge—These trees shade the 
ditch keeping the water cool, slowing evaporation. The 
natural rock bottom allows water to seep into the ground 
recharging the aquifer at no extra charge:).  

o  

o I  have serious concerns about the effectiveness of the 
proposal for increasing irrigation water available for 
agriculture, the stated purpose. Concrete lined ditches and 
ponds increase evaporation while eliminating aquifer 



recharge.  Also please note that the water in the photo is 
brown. That’s because it has rained for the last three days 
and the river is muddy. This muddy water is what is 
available at all times when the river is high enough to draw 
water from for storage. Ponds and reservoirs will quickly 
fill with this sediment.  

o  

o PUMPING GROUND WATER WILL LOWER OUR WELLS 

o When water is pumped from wells that is said to be from 
the Wind Canyon reservoir, how will you know you are not 
depleting the aquifer?  It would be a great hardship for 
local people to have to dig deeper wells. I live between the 
diversion and the proposed storage.  

FAIRNESS  
The diversion as described will only perhaps benefit 50 farmers 
and ranchers. There are opportunities to benefit many more 
taxpayers through alternate projects for using and conserving 
water that have been proposed.  
 

THE HUGE COST 

People in the Gila Valley now pay $20/acre foot per year for 
irrigation. I understand that at this time replacement water 
costs @$147 per with costs rising maybe into the thousands 
when building and maintenance of this new project are factored 
in. This may have the effect of driving out of business the very 
people you propose to help.  
 

This proposal is incomplete at this time. There is no information 
on which ditches will be lined, which of the fields will be turned 
into holding ponds, how land owners will be compensated. No 
action should be take on this proposal.  
 
 



o Yard list on the ditch not including waterbirds or warblers 

 

Northern harrier 

Coopers hawk 

Red-tailed hawk 

White-winged dove 

Mourning dove 

***Yellow-billed cuckoo—threatened species*** 

Great Horned owl 

Red-naped sapsucker 

Ladder-backed woodpecker  
Gila Woodpecker 

Northern Flicker 

American Kestrel 

Black phoebe 

Says phoebe 

Ash-throated Flycatcher 

Cassin’s Kingbird 

Western Kingbird 

Common Raven 

Bewick’s Wren 

Eastern Bluebird 

Western Bluebird 

American Robin 

Curve-billed Thrasher 

Northern Mockingbird 

Phainopepla 

Chipping Sparrow 

Dark-eyed Junco 

White-crowned Sparrow 

Canyon Towhee 

Spotted Towhee 



Yellow-breasted Chat 

Summer Tanager 

Western Tanager 

Northern Cardinal 

Black-headed Grosbeak 

Blue Grosbeak 

House Finch 

Lesser Goldfinch 

Phyryloxia 



IMG_5178.JPG



From: Tim Taylor <tim.taylor0210@gmail.com> 

Sent: Thursday, July 12, 2018 5:09 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

This proposed project in its present form is simply not acceptable to me. 

 

The default position on the Gila, given the pristine nature of this wonderful area, is to leave it alone.  No 
diversion, no fiddling around. 

 

Nothing should be changed without a COMPLETE and THOROUGH evaluation and cost/benefits 
assessment.  There is simply no hurry.  Keeping the Gila keeps it!   

 

Tim N. Taylor 

9628 Palomas Ave NE 

Albuquerque, NM 87109 



From: Joseph Zummach <jzwilding@yahoo.com> 

Sent: Thursday, July 12, 2018 5:29 PM 

To: NM Unit EIS 

Subject: Scoping concerns 

 

To whom it may concern  

 

I’m submitting these comments concerning the Cliff-Gila component of the New Mexico Unit of the 
Central Arizona Project EIS.  

 

Starting with the Diversion structure on the Gila river my concern is with the type of Diversion 
structure, and weather or not the structure will allow the organic debris associated with peak flow 
events to pass unimpeded down the river channel, these organic debris are crucial in providing 
habitat for wildlife and the propagation and preservation of the riparian forest along the river. As a 
long time resident along this segment of the river I’ve witnessed flood events first hand and the 
resultant flood plane alterations, and have seen how log jams form among existing stands of 
cottonwood, sycamore, and willow, preserving and encouraging the regeneration of the vegetation, 
and the accumulation of silt among the trees.  

 

A related concern I have is regarding the placement of large surface storage ponds in the flood 
plane of the river. Mainly that such structures will create more destructive food impacts due to the 
narrowing of the flood plane by said structures. Also the destruction of habitat involved in these 
structures in particular the surface storage pond south of the Hwy 211 west of the river this is prime 
native grass and mixed riparian habitat. See photos taken from Hi way  211 at lat 32.9680 / long 
108.6014.  

 



 

 

 



 

 

Another concern I have is the plan to line sections of the existing irrigation ditches with concrete, 
how this would destroy the these riparian corridors. These historic ditches are now part of  the 
mosaic of habitat for wildlife in the valley, specifically the Willow Flycatcher, Yellow billed Co Co 
Beaver, Common Blackhawk and myriad others. As well as providing shade and  windbreaks for 
human dwellings including my own home. This would be very destructive to the quality of my life and 
many other inhabitants of the Gila valley.  

 

I am also concerned that the extraction wells planned along this section could potentially drawdown 
the water table affecting my well and others who depend on wells for domestic and agricultural use in 
the valley. 

 
 

I could sum up all these concerns with one big concern which is that we don't destroy the upper basin 
of the Gila River with water development, the way the lower basin has been destroyed. 



IMG_1271.JPG
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From: Lawrence McDaniel <lmcdaniel19@gmail.com> 

Sent: Friday, July 13, 2018 8:16 AM 

To: NM Unit EIS 

Subject: No Gila River Diversion 

 

As a resident of Silver City NM and a frequent recreational user of the Gila River, I strenuously object to 
the ongoing effort to build a costly and ineffective diversion on The Gila River for the following reasons: 

 

1. Potential Adverse Impacts of the Proposed Action  

The NM CAP Entity’s proposed action is poorly defined, therefore making it impossible 
for the public to understand and difficult for the public to develop meaningful comments 
for NEPA scoping. However, based on the minimal information provided, we know that 
the NM Unit proposal could significantly impact threatened and endangered species and 
riparian habitat, will cost several times more than the AWSA construction subsidy 
provided, and will unfairly withhold NM Unit Fund dollars from community water projects 
that could meet the water needs of 60,000 people in southwest New Mexico.  

 

2  

Proposed concrete diversion structures will harm threatened and endangered species 
and riparian habitat along the Gila and San Francisco rivers  

• Flowing out of America’s first Wilderness Area, the Gila River is home to seven 
threatened or  

endangered species and is proposed for long-term protection under the Wild & Scenic 
Rivers Act.  

• The proposed action eliminates the ISC’s 150 cfs minimum flow, allowing the new 
diversion to  

dewater the river and extending the period of dewatering during ecologically critical 
times.  

• The diversions and infrastructure will harm critical habitat for seven threatened or 
endangered  



species, including the loach minnow and spikedace, southwestern willow flycatcher and 
yellow billed  

cuckoo, northern Mexican garter snake and narrow headed garter snake, and 
Chiricahua leopard frog.  

• Declining groundwater levels caused by the diversion and new groundwater pumping 
could threaten  

the health of the cottonwood-sycamore-willow bosque, some of the last remaining intact 
riparian  

forest in the Lower Colorado River Basin.  

• The diversion dams will also limit recreation opportunities, like river running, and 
potentially impact  

irrigators.  

Intention to divert in the future the full 14,000 acre-feet per year is speculative and 
unnecessary  

• The proposed concrete dam across the entire floodplain and doubled ditch capacity are 
designed to take out a large amount of water, much more than needed for the small 
amount of storage contemplated in the proposed action;  

• Diverting the full 14,000 acre-feet per year under the AWSA is speculative. Irrigators are 
diverting 4 times more water than the full amount of their water rights. According to water 
studies, Southwest New Mexico groundwater supplies can meet municipal water needs 
far into the future.  

The NM Unit proposed action is expensive, unaffordable and unfair  

• The AWSA subsidy will not cover the full cost of the proposed action, leaving a gap of 
tens of millions of dollars for citizens to cover.  

• Project water is too expensive for farmers to buy. Current ditch fees in the Cliff-Gila 
Valley are approximately $20 per acre. Project water cost will run at least $1,500 per 
acre per year, calling into question the project economics and the ability of farmers to 
pay for the new AWSA water.  

• The proposed action will require spending all the available AWSA funds on 
approximately 200 irrigators and international mining giant Freeport-McMoRan for a 
small amount of new irrigation water. This is unfair to the rest of the 60,000 people of 
southwest New Mexico whose water systems need improvements.  

• The NM CAP Entity has stated in its past monthly meetings that it intends to use the 
interest from the corpus of the NM Unit Fund for its ongoing annual costs, providing 
AWSA water to irrigators for free, while more than $50 million in critical community water 
projects remain unfunded. This is neither fair nor economically feasible. 

 



Sincerely, 

Lawrence McDaniel III, DVM 

701 N Bayard Street 

Silver City, NM 88061  





From: David McSherry <mcsherry8275@gmail.com> 

Sent: Friday, July 13, 2018 4:50 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

Attachments: DXM EIS comments.docx 

 

July 13, 2018 

  
  
NM Interstate Stream Commission, and 
USDOI Bureau of Reclamation 

  
  
  

I would like to submit a comment on the NM UNIT EIS.  I am a water right owner in Luna 

County.  I also serve as the City of Deming alternate to the NM CAP Entity Board.   
  
The additional water that will be diverted from the rivers by the New Mexico Unit is water that 

belongs to New Mexico under the Arizona Water Settlement Act (AWSA).  The proposed action 

by the NM CAP Entity is the result of much in-depth professional study of the river system and 

the needs of both water users and the general public in southwest NM.  Although no facilities are 

planned as part of this proposed action for Deming or Luna County, I support the development of 

the NM Unit.   

  
Although the Gila/San Francisco system has been described by some as “the last wild river in 

America”, the truth is that this river system has been used as an irrigation water supply system for 

almost 100 years.  This irrigation water is water that has been adjudicated to the water-right owners 

who divert it from the rivers.  A large quantity of adjudicated water is already diverted from the 

Gila/San Francisco system on a regular basis. The additional diversion of the 14,000 afy of AWSA 

water, a much lesser amount of water than the adjudicated water, will be diverted through some 

of the very same diversion infrastructure as the adjudicated water. 

  
One of the benefits of the proposed action is the upgrading of the existing diversion structures and 

technology.  The Gila and San Francisco are desert rivers – there is always either not enough water 

flowing to support all users, human and natural, or too much water flowing as a destructive flood. 

The Gila/San Francisco Rivers, typical of Southwestern US watersheds, tend to flood viciously 

during the rainy season, scouring the river channel.  For almost 100 years, irrigators have had to 

use heavy mechanical equipment inside the river channel, often several times each year, to form 

“push-up dams” to divert the river water into their conveyance canals.  The proposed diversion 

will replace some of these “push-ups” with flood resistant permanent diversion structures. 
  



The proposed diversion project will be managed according to the AWSA CUFA which prohibits 

diversion of water when stream flows are below an administratively set minimum river channel 

flow rate. The authors of the AWSA allowed for this minimum flow to maintain river health and 

wildlife habitat. Allowing this minimum flow is a good trade-off for all involved.  I feel that the 

trade-off between the types and locations of wildlife habitat was made long ago, when the 

adjudicated water users fully developed their system.  Today, the conveyance canals, through their 

wide distribution of infiltrating water, support as much or more habitat for wildlife as the “native” 

river channel does. 
  
Our country and our state continue to grow in population.  In any ecosystem, increase in the 

population of one species exerts pressure on other populations.  We must certainly make an honest 

effort to maintain a balance with nature, but we must also preserve our society’s standard of living 

and the economy in our state and country. Our citizens will always depend on the strength of 

domestic agricultural production.  The proposed NM Unit project will have very little further 

environmental effect on the river systems and will strengthen our economy. 

  

  
Thank you,  
  

  

David McSherry, PE 
Deming, NM 



July 13, 2018 

 

 

NM Interstate Stream Commission, and 

USDOI Bureau of Reclamation 

 

 

 

I would like to submit a comment on the NM UNIT EIS.  I am a water right owner in Luna County.  I also serve 

as the City of Deming alternate to the NM CAP Entity Board.   

 

The additional water that will be diverted from the rivers by the New Mexico Unit is water that belongs to New 

Mexico under the Arizona Water Settlement Act (AWSA).  The proposed action by the NM CAP Entity is the 

result of much in-depth professional study of the river system and the needs of both water users and the general 

public in southwest NM.  Although no facilities are planned as part of this proposed action for Deming or Luna 

County, I support the development of the NM Unit.   

 

Although the Gila/San Francisco system has been described by some as “the last wild river in America”, the truth 

is that this river system has been used as an irrigation water supply system for almost 100 years.  This irrigation 

water is water that has been adjudicated to the water-right owners who divert it from the rivers.  A large quantity 

of adjudicated water is already diverted from the Gila/San Francisco system on a regular basis. The additional 

diversion of the 14,000 afy of AWSA water, a much lesser amount of water than the adjudicated water, will be 

diverted through some of the very same diversion infrastructure as the adjudicated water. 

 

One of the benefits of the proposed action is the upgrading of the existing diversion structures and technology.  

The Gila and San Francisco are desert rivers – there is always either not enough water flowing to support all users, 

human and natural, or too much water flowing as a destructive flood. The Gila/San Francisco Rivers, typical of 

Southwestern US watersheds, tend to flood viciously during the rainy season, scouring the river channel.  For 

almost 100 years, irrigators have had to use heavy mechanical equipment inside the river channel, often several 

times each year, to form “push-up dams” to divert the river water into their conveyance canals.  The proposed 

diversion will replace some of these “push-ups” with flood resistant permanent diversion structures. 

 

The proposed diversion project will be managed according to the AWSA CUFA which prohibits diversion of 

water when stream flows are below an administratively set minimum river channel flow rate. The authors of the 

AWSA allowed for this minimum flow to maintain river health and wildlife habitat. Allowing this minimum flow 

is a good trade-off for all involved.  I feel that the trade-off between the types and locations of wildlife habitat 

was made long ago, when the adjudicated water users fully developed their system.  Today, the conveyance 

canals, through their wide distribution of infiltrating water, support as much or more habitat for wildlife as the 

“native” river channel does. 

 

Our country and our state continue to grow in population.  In any ecosystem, increase in the population of one 

species exerts pressure on other populations.  We must certainly make an honest effort to maintain a balance with 

nature, but we must also preserve our society’s standard of living and the economy in our state and country. Our 

citizens will always depend on the strength of domestic agricultural production.  The proposed NM Unit project 

will have very little further environmental effect on the river systems and will strengthen our economy. 

 

 

Thank you,  

 

 

David McSherry, PE 

Deming, NM 



From: Robert Offutt <robert.offutt51@gmail.com> 

Sent: Friday, July 13, 2018 4:53 AM 

To: NM Unit EIS 

Subject: Fwd: New Mexico Central Arizona Project 

 

 
 
Sent from my iPhone 

"NM Unit EIS" 

 
Begin forwarded message: 

From: Robert Offutt <robert.offutt51@gmail.com> 
Date: June 10, 2017 at 6:52:46 PM MDT 
To: bor-PXA-NMunit@usbr.gov 
Cc: ose.webmaster@state.nm.us 
Subject: New Mexico Central Arizona Project 

New Mexico CAP Chair, Darr Shannon. 
 
After reading an article in the Deming Headlight, June 7-8, 2017 regarding water 
diversion from the Gila river I would like to offer a suggestion which I believe would be 
much simpler, drastically less expensive and the most equitable in allocation of water to 
New Mexico citizens. 
 
Currently a domestic well permit granted by the State Engineers Office for the Gila 
watershed area( and its tributaries) is for non-consumptive use only, while on the other 
side of the continental divide an application for a domestic well, provides consumptive 
use of one acre feet.  
 
This has been in effect for many years. Why would any government authority allow 
water to be piped into the Mimbres water basin while the property owners and 
residents in the source area of that water, are being denied the legal right to even plant 
a flower and water it. 
 
I believe the best and most equitable use of this water would be to first upgrade existing 
domestic well permits having non-consumptive use only, to some degree of 
consumptive use in the Gila-San Francisco area. Next, if there is still remaining water 
available, grant new domestic well permits in the  Gila-San francisco watershed area 
with consumptive use. 

mailto:robert.offutt51@gmail.com
mailto:bor-PXA-NMunit@usbr.gov
mailto:ose.webmaster@state.nm.us


What is the State Engineers recommendations on this issue? 
I'm a lifetime resident of Luna County New Mexico and a property owner in Luna, Grant 
and Catron Counties. I hope my thoughts will be addressed and considered. I will 
forward my concerns to the State Engineers Office. 
 
Thanks, 
 
Robert Offutt 
1890 Deming Station Rd. NW 
Deming, NM 88030 
575-694-3439 
 
Sent from my iPhone 



From: Jay Slavec <jaymadge@gilanet.com> 

Sent: Friday, July 13, 2018 10:31 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I have a number of concerns with respect to the drilling of additional wells and storage facilities near 
(and on?) my property. I had a new well completed about 3 years ago. This was drilled to a depth of 140 
feet. Can I expect the water table to drop significantly as a result of the very high volume of nearby 
pumps. Who is financially responsible for compensating me if my well goes dry as a direct result of your 
actions. What recourse do I have to get my water back? 

I do have other questions later but for now lets just stay with the above questions. 

Thank you. 

 

Jay Slavec 

8562 US 180 West 

Riverside 

 



From: Emanuel Stamler <estamler@gilanet.com> 

Sent: Saturday, July 14, 2018 8:40 AM 

To: NM Unit EIS 

Subject: Attention: NM Unit EIS 

 

Bureau of Reclamation, 

 

Attention: NM Unit EIS 

 

My wife I have lived in the Gila, New Mexico for almost 40 years. We own a 10 acer farm and the water rights to go with it. 
Our irrigation water comes out of the Gila Farm Ditch and our domestic water comes from a well. We have raised our 2 
children here and sent them to the Cliff Schools. We love this place and do not want to see its environment destroyed by 
water development projects. We are writing this letter to express our complete opposition to AWSA / CAP projects proposed 
for our valley. Drilling deep, high volume wells, building a diversion and storing the water off site will de-water the river, lower 
the water table and endanger the biodiversity of our watershed. Please consider our point of view and say no to the 
proposed water projects for the Cliff/Gila Valley.  

Sincerely, 

Emanuel and Gail Stamler 

PO Box 131 

Gila, NM 88038 

 

 



From: Susan Van Auken <susanvanauken@gilanet.com> 

Sent: Saturday, July 14, 2018 3:27 PM 

To: NM Unit EIS 

Subject: public scoping comment 

Attachments: Comments to NMUnitEIS.doc 

 

My comments are attached as a word doc and contained in the body of 

this email. 
 

Comments from Susan in Gila, NM 

 

I have had water rights on the Fort West Ditch in Gila, NM for 24 years. I have tried 
to follow the complexities of AWSA and CAP over the past many years. There have 
been so many meetings, and so many changes in plans that it is hard to understand it 
all. I went to the scoping meeting in Cliff, NM on July 10th and was further met with 
people from the agencies who could not answer questions, or worse one person 
giving an answer and another giving me a different answer. This adds to my 
confusion. I have many concerns, and am quite disturbed by this whole project, the 
plans, and the process. 

 

Comments: The reason, purpose, goals, and objectives do not seem to have been 
stated clearly since the plans over the past years have varied considerably. Do all the 
players know the purpose and agree? In the June 2018 RECLAMATION newsletter 
that I picked up at the scoping meeting there was a clearly stated purpose and need. I 
am not at all comfortable with the Need Part B – provide capability for future 
expansion for authorized beneficial purposes. To me this sounds like the players have 
no idea what they will do or if they do have an idea they are not going to share it 
with others, and it gives them the ability to most anything. IT WOULD BENEFICIAL 
FOR A CLEARLY STATED AND DETAILED PURPOSE OF THE AWSA AND CAP 
AGREEMENT TO BE STATED – AND NOT JUST THE CURRENT PROJECT PLANS FOR THE 
NM UNIT. From all the plans I have heard I might think that the following are possible 



purposes of this project: to keep the Gila River water that “belongs to New Mexico” in 
New Mexico regardless of cost, develop irrigation water plans for the Gila river basin 
in NM, develop more irrigated land, use the water from the Gila River basin to 
provide water for Deming and other communities, or perhaps just to spend the 
money on planning.  

 

Over my short 30 years of living in Gila I have watched a bridge built on Hwy 211 in 
Gila over Bear Creek (by the Army Corps of Engineers I believe) only to then have 
Bear Creek destroy the bridge. Millions were spent on the building of the bridge and 
millions spent on the removal of all the debris after it was destroyed. I have watched 
levies along the Gila River that were constructed before I moved here be washed 
away by a flood on the Gila. Then in the early 90's I watched another set of levies 
being built, with a great deal of large equipment in the riparian area by the Gila river, 
lots of noise, and earth movement. A mess in other words. Once again the Gila River 
was more powerful and the man made containment, the levies are gone now, the 
earth moved elsewhere by the river.  

 

Question: What makes anyone think that the Gila River, exceedingly powerful in its 
flood stage, will not once again remove the proposed man made structures, 
specifically the concrete dam at the ditch head, and containment pond P4? 

 

Looking at the maps it appears that the ponds, diversion site, and ditch renovation 
will most likely take place on private land. Many property owners in the valley 
appear to be against these plans. 

 

Questions: How will these lands be secured? Will the project use “eminent domain” 
and seize the property? Is this a legal use of eminent domain seizure? 

 

Several production wells have been proposed. As I understand what was said at the 
scoping meeting, in the current plan, these wells will pump irrigation water from the 
aquifer into the ditch when water levels in the ditch, from the river, are low. This 



AWSA water will be sold to irrigators who use alternative methods of irrigation, such 
as drip lines or sprinklers. I don't believe any irrigators currently use these alternative 
methods. I was told at the scoping meeting that fields up to 50 acres could use these 
methods and that there was grant money for local people to use to purchase the 
equipment. 

 

Questions: 1. How much will this water cost? No one would answer that question. 2. 
About 10-15 homes, including mine, have old, most likely, relatively shallow wells. If 
the AWSA production wells lower the level of water in the aquifer – who will pay for 
the home owners to drill new wells? 3. What is the chance that the good aquifer in 
Gila might be drained beyond the point of replenishment? 4.How exactly will the 
water from the river that is in the ditch be distinguished from the water from the 
AWSA wells? 

 

There is no metering or measurement of how much water is currently being used by 
the small or large irrigators in the Gila Valley. When asked, at the scoping meeting, 
about how this will be measured for payment when AWSA water is used I was told it 
would all be done by calculation, not actual measurement. Calculation and 
measurement are not exactly the same thing. 

 

Comment: Perhaps it would be a good to determine if irrigators are currently using 
more than their share. 

 

There is mention somewhere that part of the purpose of the project is to provide 
water for communities throughout southwest New Mexico.  

 

Questions: Is water for other communities going to come from the Gila River in the 
Gila Valley or Virden, or other location? Are the proposed AWSA wells going to be 
used for this purpose? If so, I again ask about how this will affect the wells of people 
living in the Gila Valley and the entire aquifer.  

 



Several comments I have heard floating around the valley that might be good to 
investigate, I have no idea of the truth behind them.  

 

1. A lined or concrete ditch would need more maintenance than the current system 
and this maintenance will cost a lot. 2. The Gila Basin Irrigation Commission has 
already received money to create a more permanent ditch diversion why is there 
another ditch diversion planned? 3. The local CAP Entity is filled with corruption and 
overpaid people. 

 

We all must remember that the Gila River drainage area, and in fact all of the 
southwest United States is in a drought. According to climate predictions I have 
heard, we might stay in this drought for awhile.  

 

Comment: My answer to a limited water supply, is to practice conservation. I believe 
that spending the allocated AWSA money on water conservation solutions for a great 
many residents in the affected area, might be a better use of the money than messing 
with the Gila River valley, building big structures that might wash away, “developing 
water” for agricultural use (this is a term used at scoping meeting, which I think is a 
very bizarre use of these two words), or moving and selling the water to other 
communities. In my mind, the agency, the ISC maybe, made a very bad decision 
when deciding that the AWSA funds could only be used for diversion projects! 

 

Thank you for reading these comments! 



Comments from Susan Van Auken, Gila, NM 

 

I have had water rights on the Fort West Ditch in Gila, NM for 24 years. I have tried to 

follow the complexities of AWSA and CAP over the past many years. There have been 

so many meetings, and so many changes in plans that it is hard to understand it all. I 

went to the scoping meeting in Cliff, NM on July 10th and was further met with people 

from the agencies who could not answer questions, or worse one person giving an 

answer and another giving me a different answer. This adds to my confusion. I have 

many concerns, and am quite disturbed by this whole project, the plans, and the process. 

 

Comments: The reason, purpose, goals, and objectives do not seem to have been stated 

clearly since the plans over the past years have varied considerably. Do all the players 

know the purpose and agree? In the June 2018 RECLAMATION newsletter that I picked 

up at the scoping meeting there was a clearly stated purpose and need. I am not at all 

comfortable with the Need Part B – provide capability for future expansion for 

authorized beneficial purposes. To me this sounds like the players have no idea what 

they will do or if they do have an idea they are not going to share it with others, and it 

gives them the ability to most anything. IT WOULD BENEFICIAL FOR A CLEARLY 

STATED AND DETAILED PURPOSE OF THE AWSA AND CAP AGREEMENT TO BE 

STATED – AND NOT JUST THE CURRENT PROJECT PLANS FOR THE NM UNIT. 

From all the plans I have heard I might think that the following are possible purposes of 

this project: to keep the Gila River water that “belongs to New Mexico” in New Mexico 

regardless of cost, develop irrigation water plans for the Gila river basin in NM, 

develop more irrigated land, use the water from the Gila River basin to provide water 

for Deming and other communities, or perhaps just to spend the money on planning.  

 

Over my short 30 years of living in Gila I have watched a bridge built on Hwy 211 in 

Gila over Bear Creek (by the Army Corps of Engineers I believe) only to then have Bear 

Creek destroy the bridge. Millions were spent on the building of the bridge and millions 

spent on the removal of all the debris after it was destroyed. I have watched levies along 

the Gila River that were constructed before I moved here be washed away by a flood on 

the Gila. Then in the early 90's I watched another set of levies being built, with a great 

deal of large equipment in the riparian area by the Gila river, lots of noise, and earth 

movement. A mess in other words. Once again the Gila River was more powerful and 

the man made containment, the levies are gone now, the earth moved elsewhere by the 

river.  

 

Question: What makes anyone think that the Gila River, exceedingly powerful in its flood 

stage, will not once again remove the proposed man made structures, specifically the 

concrete dam at the ditch head, and containment pond P4? 

 

Looking at the maps it appears that the ponds, diversion site, and ditch renovation will 



most likely take place on private land. Many property owners in the valley appear to be 

against these plans. 
 

Questions: How will these lands be secured? Will the project use “eminent domain” and 

seize the property? Is this a legal use of eminent domain seizure? 

 

Several production wells have been proposed. As I understand what was said at the 

scoping meeting, in the current plan, these wells will pump irrigation water from the 

aquifer into the ditch when water levels in the ditch, from the river, are low. This AWSA 

water will be sold to irrigators who use alternative methods of irrigation, such as drip 

lines or sprinklers. I don't believe any irrigators currently use these alternative methods. 

I was told at the scoping meeting that fields up to 50 acres could use these methods and 

that there was grant money for local people to use to purchase the equipment. 

 

Questions: 1. How much will this water cost? No one would answer that question. 2. 

About 10-15 homes, including mine, have old, most likely, relatively shallow wells. If the 

AWSA production wells lower the level of water in the aquifer – who will pay for the 

home owners to drill new wells? 3. What is the chance that the good aquifer in Gila 

might be drained beyond the point of replenishment? 4.How exactly will the water from 

the river that is in the ditch be distinguished from the water from the AWSA wells? 

 

There is no metering or measurement of how much water is currently being used by the 

small or large irrigators in the Gila Valley. When asked, at the scoping meeting, about 

how this will be measured for payment when AWSA water is used  I was told it would 

all be done by calculation, not actual measurement. Calculation and measurement are 

not exactly the same thing. 

 

Comment: Perhaps it would be a good to determine if irrigators are currently using 

more than their share. 
 

There is mention somewhere that part of the purpose of the project is to provide water 

for communities throughout southwest New Mexico.  
 

Questions: Is water for other communities going to come from the Gila River in the Gila 

Valley or Virden, or other location? Are the proposed AWSA wells going to be used for 

this purpose? If so, I again ask about how this will affect the wells of people living in the 

Gila Valley and the entire aquifer.   
 

Several comments I have heard floating around the valley that might be good to 

investigate, I have no idea of the truth behind them.  
 

1. A lined or concrete ditch would need more maintenance than the current system and 



this maintenance will cost a lot. 2. The Gila Basin Irrigation Commission has already 

received money to create a more permanent ditch diversion why is there another ditch 

diversion planned? 3. The local CAP Entity is filled with corruption and overpaid 

people. 

 

We all must remember that the Gila River drainage area, and in fact all of the southwest 

United States is in a drought. According to climate predictions I have heard, we might 

stay in this drought for awhile.  

 

Comment: My answer to a limited water supply, is to practice conservation. I believe 

that spending the allocated AWSA money on water conservation solutions for a great 

many residents in the affected area, might be a better use of the money than messing 

with the Gila River valley, building big structures that might wash away, “developing 

water” for agricultural use (this is a term used at scoping meeting, which I think is a 

very bizarre use of these two words), or moving and selling the water to other 

communities. In my mind, the agency, the ISC maybe, made a very bad decision when 

deciding that the AWSA funds could only be used for diversion projects! 

 



From: Susan Coe Brown <perromore@gmail.com> 

Sent: Sunday, July 15, 2018 7:28 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Hello, 
 
I understand that you are accepting comments on the subject of the treasure we call the Gila River in 
New Mexico. 
 
There are too few wild places left in this beautiful country and I, for one, am vehemently opposed to the 
diversion of the Gila.  I am not a hunter or a photographer or an owner of an off road vehicle.  Neither 
am I an environmentalist, per se, but rather a concerned citizen and tax payer who deeply appreciates 
this lovely river and all that it has to offer.  The Gila can be accessed by ordinary people like me, making 
it even more remarkable, not to mention that it is home to an astonishing variety of wildlife.  Please 
accept my comments and my concern on behalf of all of those who cannot speak. 
 
The picture below was taken with my old cell phone in May of 2017.  If diverted, the same scene would 
likely show no water at all.   
 
Thank you for your consideration. 
 
Sincerely, 
 
 
 
Susan Coe Brown 
Post Office Box 1454 
Silver City, New Mexico 88062 



 



 



From: Craig Freas <c_freas@yahoo.com> 
Sent: Sunday, July 15, 2018 10:26 AM 
To: NM Unit EIS 
Subject: Regarding the Notice of Intent to Prepare an Environmental Impact 

Statement New Mexico Unit of the Central Arizona Project 
Attachments: Comments_FINAL_GilaDiversion.pdf 
 
See attached. 



Comments  

 
Regarding the Notice of Intent to Prepare an Environmental Impact Statement 
New Mexico Unit of the Central Arizona Project 
Catron, Grant, and Hildalgo Counties, New Mexico 

 

 

 

INTRODUCTION  
 
These comments are presented on behalf of G. Craig Freas and Nancy J. Cliff, private citizens.  
For several years we have watched the proposed Action go through various iterations, each time 
thinking that the project was dead.  Our general view of the project is that it is being driven by politics 
instead of good planning or engineering judgment.  Further, the project proposes to spend millions of 
dollars ($100-150M) to benefit a few individuals and a large international mining company.  
 
Management of the process leading to the current Action has taken the form of throwing food at the 
wall and hoping something sticks.  Nevertheless, we make the following comments: 

 
1. It appears that the current proposed Action was prepared by STANTEC, a firm recently retained 
by the NM CAP Entity, not by the New Mexico Interstate Stream Commission, which raises the question: 
who is in charge here and why is this now coming from a different consultant?  Is this perhaps a matter 
of “if you don’t like the answer find someone who will give you the answer you want”? 

 
2. Since its inception this process has been very difficult for the public to follow and understand 
due to the ever changing alternatives being proposed.  What should have started the process was a 
preliminary study to determine if there were any feasible options with which to proceed before doing 
more detailed and costly engineering.  The latest proposal seems like a back-of-the-envelope attempt to 
force a conclusion which would use all currently available funds. 

 
3. We have been unable to find any public documents that present a detailed Benefit/Cost analysis 
or business plan.  The conclusion of either the analysis or business plan would answer the questions of 
who is benefitting from the Action, and what is the economic return on the investment?  The NEPA 
process cannot proceed without this basic information. 

 
4. We understand that fewer than 1600 acres are currently irrigated in the Upper Gila Valley and 
that more than sufficient water is already diverted from the Gila River to satisfy the crop needs of those 
acres.  In fact, several times the required water needed is diverted due to the inefficiency of the system 
as the result of poor management and a lack of maintenance. 

 
5. We have been unable to find a description or quantification of demand, i.e., how much water is 
needed and why? 

 
6. An article in the Silver City Press this week quotes Howard Hutchinson of the San Francisco Soil 
and Water Conservation District and a member of the NM CAP Entity as suggesting that “15,000 acres of 
land and private property there and above there without water rights” should be considered when 
evaluating a Benefit-Cost analysis, that land without water rights the land is worth $425 an acre whereas 



land with water rights is worth $10,000 an acre.  We have no idea regarding the validity of those 
numbers, but our understanding is that federal funding does not allow property values to be used in a 
Benefit-Cost analysis.  In other words, public money may not be used for the purpose of increasing 
private property values.   

 
7. It is our understanding that funds available for the proposed Action may not be used to irrigate 
lands that were not irrigated between 30 September 1958 and 30 September 1968.  This speaks to item 
5 above and to the exhibits presented to support the proposed Action. 

 
8. Current documentation does not provide an operational description of the proposed 
Action.  How much water will be diverted from the Gila River, at what flows will it be taken, when will it 
be diverted, and how much water will be withdrawn from deep aquifers?  

 
9. STANTEC’s basis of cost estimates is not clear, unlike AECOM’s.  AECOM builds their estimates 
based on unit price construction costs, with an additional 25% contingency based on level of detail, the 
normal way of building an estimate.  Then they adjust the price upward to cover things like: field 
investigations, mapping, design, construction administration, legal fees, NM CAP Entity and Interstate 
Stream Commission administration, environmental, land acquisition, taxes etc. using generally accepted 
industry percentages and based on the anticipated standard of practice that BOR will require.   Whereas 
STANTEC states their estimate “includes 30% contingencies covering the additional gross receipts tax, 
engineering and miscellaneous construction items”.   These are very different numbers and we strongly 
suspect that the STANTEC estimate significantly understates the actual program cost. 

 

SUMMARY 

 
We strongly oppose the proposed Action.  There is no 1) demonstrated need for the water, 2) a business 
plan to assure that sufficient monies will be available to operate and maintain the facilities, or 3) a 
Benefit-Cost analysis to show that public funds are now being used properly.  Existing documentation is 
far short of what is needed to proceed with the NEPA process and we encourage BOR to delay that 
effort for no less than 6 months to give ICS and NM CAP Entity time to put their houses in order.  All we 
see at this juncture is a solution looking for a problem. 

  

 



From: Larry Humphrey <lhumphrey@cableone.net> 

Sent: Sunday, July 15, 2018 3:11 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I attended the Safford meeting on July 13, 2018. I appreciate the opportunity to visit with both Bureau 
of Reclamation and EMPSI representatives at the meeting. My comments are as follows: 

 

I found the Proposed Action to be poorly developed with lots of questions unanswered. Alternatives 
were absent from the proposal except for alternative sites for water storage. There was no indication of 
total cost of the project or number of water users that would be aided by this water and diversion and 
storage proposal. 

 

Putting a storage in a large wash (Winn) is not a good proposition. Storage infrastructure will be washed 
out on a regular basis, requiring increased maintenance and reconstruction costs.  

 

Diversion dams will take continual maintenance. 

 

Pumps to fill the storage reservoirs and to divert water will have to be maintained constantly so they can 
be ready to pump at a moment’s notice to take advantage of “high flow” events. This will be costly. 

 

According to the CUFA agreement, no more than 350 cfs can be diverted at a time during “high flow”. It 
seems to me that during periods of really high flows, more should be able to be pumped to increase 
efficiency. 

 

It appears to me, that with the apparent low number of users benefitted, low amount of water to be 
diverted (4000 ac.ft per year) and cost of the project, it would be more beneficial to simply buy out the 
water users and return the land to woodlands. 

 



The farms on the San Francisco and Upper Gila are characterized by small, inefficient parcels. These 
lands, for the most part, are characterized by gravelly soils and the fields are steeply sloping, precluding 
land leveling and other practices conducive to efficient irrigation practices. They will never become 
highly productive farmlands. 

 

If the restrictions in the CUFA are followed, there will be few times when water can actually be diverted. 
I envision this storage reservoirs becoming nothing more than mud flats and mosquito breeding grounds 
paid for with public dollars. 

 

I realize the upstream users were given water rights years ago. The time to assert those rights has long 
since passed. The Endangered Species Act, Migratory Bird Act,  CUFA, interests of other agencies (Native 
Americans) and other conflicting regulations will combine to make this proposal never come to pass. 

 

The new rule requiring an EIS to take no longer than a year puts an unreasonable timeline on both the 
contractor and the agency in charge. This is a complicated proposal and one year is simply not enough 
time, particularly with all the entities interested in and potentially affected by this proposal. 

 

I will undoubtedly have more comments as this proposal is developed more fully. Thank you for the 
opportunity to comment. 

 

Larry Humphrey 

lhumphrey@cableone.net 

928-651-4429 

PO Box 894 

Pima, Arizona 85543 

 

 

 

mailto:lhumphrey@cableone.net


From: Kindscher, Kelly <kindsche@ku.edu> 
Sent: Sunday, July 15, 2018 2:18 PM 
To: NM Unit EIS 
Subject: NM Unit EIS  
Attachments: Gila River Diversion ltr 0718.docx 
 

My letter regarding the scoping is attached. 

Kelly Kindscher 

 



July 19, 2018 

Kelly Kindscher 

7 Timber St 

Mimbres, NM 88061 

 

 

Comments on Gila Diversion for Scoping meeting 

 

So first, it seems by press accounts that you were more interested in having civility at the public 

hearing that sharing information about the project.  Most of us left without knowing exactly 

which areas of private property would be flooded to hold water, how much the water would cost, 

what the potential affects were on endangered species and etc.  All of this makes it hard for any 

of us to discuss the scope of the project.  Unfortunately, the details have been changing so much 

and so often, that even the quiet and polite agency representatives were not certain about many 

details that were part of the plan.  So first, you should review your focus on civility over 

substance and internally discuss how to provide information to the public at a public hearing.  

Perhaps the scoping could be expanded when you come up with a clear plan. 

 

The scope should include information on the costs and benefits. And there should detailed 

information on the exact cost of the water to farmers.  Because the costs of the water may be 

very high, some farmers have reported to the media that they may only use the groundwater 

occasionally, as a supplement to their less expensive water.  This should be figured in to the cost 

estimates and amount of water that would be use.  Also, will anyone want it at the full price? 

And what crops could be grown with the water costs? 

 

And the study should cover all costs and benefits of the project. 

 

Also, how much land is needed for this develop?   

How much will be private property? 

How many acres will be condemned? Are the landowners aware of this? 

 

As an alternative to study, besides studying the no-build alternative you should look at creating a 

Wildlife Refuge, (this could be either public or private, with the refuge purchasing the water to 

use if for water for waterfowl and for agricultural production to feed ducks and geese. As in the 

other alternatives, please investigate who would use this water for this purpose (both public and 

private).  For the most part, not a lot of water would be needed for this alternative, as the primary 

interest in the public would be to see the rare birds of the region, so only a smaller amount would 

be needed for waterfowl; most could go to enhancing existing habitats.  This would likely be 

more profitable as recreation and tourism related to birding and tourism would likely bring in 

more money than the production of crops from the paltry number of acres that will be irrigated 

by the current proposal. 

 

Please study impacts from lining irrigation canals; how many linear feet? How will this impact 

the adjacent vegetation during construction? How will this impact the vegetation by dewatering 

the area? How many trees and shrubs will die? 



I have been the part of studies of the flora and wetlands of the Gila riparian area.  We have good 

data on the vegetation in these studies and would be glad to share it with you (you can reach me 

at kndscher@ku.edu) for use in your field studies, because a central question is how will the 

proposal affect the vegetation, which is habitat for rare species?  Also how many acres will be 

impacted? 

 

What are the impacts from deepening the irrigation canals?  How many linear feet will be 

deepened.  How will this affect the adjacent trees and shrubs during construction?  How will this 

impact the habitat for rare species? 

How will this habitat change over time? 

 

How will future climate change affect all the scenarios?  I was involved in the Gila River Flow 

Needs Assessment (references and links below) and the current proposal will affect our 

projections in that work.  Those projections and changes to them due to the current scenarios 

should be studies as part of your work. 

 

What rights do tribes have related to use of the diverted water? How will these rights be 

accommodated? 

 

At this stage, many of us in the public are concerned that the proposal will not be fully vetted, 

fully studied and that an inadequate draft EIS will be written. Please consider not only the 

available information, but please collect additional data to study the impacts. 

 

There are many studies of the Gila River and its vegetation.  Listed below are ones that I have 

been involved in and they should be helpful to you.  Many of these began before the diversion 

proposal was considered. Here are a list of studies that you might want to consider as reference 

data or things to consider: 

 

Other references you could add: 

 

Kindscher, K., R. Jennings, W. Norris, and R. Shook. 2008. “Birds, Reptiles, 
Amphibians, Vascular Plants, and Habitat in the Gila River Riparian Zone in Southwestern New 
Mexico.” Open-File Report No. 151. Kansas Biological Survey. Lawrence, Kansas. 42 pages. 
[View PDF] 

Kindscher, K. 2008. “Vegetation and Habitat Along the Gila River in Southwestern New 
Mexico.” Pp. 49-53 in Natural History of the Gila: A Symposium, New Mexico Botanist, special 
issue 1. New Mexico State University, Las Cruces, New Mexico. [View PDF] 

Kindscher, K., Q. Long, and H. Loring. 2010. “Wetlands Along the Gila River in 
Southwestern New Mexico.” Natural History of the Gila Symposium, New Mexico Botanist, 
special issue 2: 116-121. New Mexico State University, Las Cruces, New Mexico. [View PDF] 

Felger, R. and K. Kindscher. 2010. “Trees of the Gila Forest Region, New Mexico.” Natural 
History of the Gila Symposium, New Mexico Botanist, special issue 2: 38-66. New Mexico State 
University, Las Cruces, New Mexico. [View PDF] 

Gori, D., Cooper, M. S., Soles, E. S., Stone, M., Morrison, R., Turner, T. F., Propst, 
D. L., Garfin, G., Switanek, M., Chang, H.-I., Bassett, S., Haney, J., Lyons, D., 



Horner, M., Dahm, C. N., Frey, J. K., Kindscher, K., Walker, H. A., & Bogan, M. 
T. 2016. Gila River Flow Needs Assessment. The New Mexico Botanist, (5), 24-32.[View PDF] 

Kindscher, K. 2014. Riparian Vegetation of the Upper Gila River and Southwestern Streams. 
Gila River Flow Needs Assessment (pp. 190-208). The Nature Conservancy. [View PDF] 

 

 

 

 

Sincerely, 

        
Kelly Kindscher 

       kindscher@ku.edu 

 

 
 

 

 

 

 



From: Catherine Berger <animascreekcat@gmail.com> 

Sent: Monday, July 16, 2018 10:30 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

When the AWSA states that the "New Mexico Unit Fund shall be for the purpose of paying costs of the 
New Mexico Unit OR other water utilization alternatives to meet water supply demands," I believe that 
New Mexico should recognize that recreational use of water in this state attracts many tourists and 
tourist dollars.  Rivers and waters that flow through our state are a valuable asset not only to outdoor 
enthusiasts (eco tourists, hunters, etc.)  but also attract future residents who appreciate the  

remote, wild and uninhabited areas our state offers.   

 

Agriculture should not be the only beneficiary of these funds.  Moreover, it seems that many private 
entities will benefit from this money, which ultimately comes from the taxpayers of this country.   Why 
should taxpayers foot the bill for private industry and realize no benefit?  The agricultural costs and who 
ultimately benefits are not adequately identified.    

 

 A "No-action" alternative is also required to be studied for this EIS,   There are also other non-diversion 
alternatives which are cost-effective and would benefit more residents of Southwestern New Mexico, 
the Deming Water Alternative Report and the Grand County Regional Water Plan.  

 

 

I strongly urge that non-diversion of the Beautiful GIla RIver is considered top priority.  When a river is 
allowed to be wild and run its course, it naturally meanders and creates many different channels, all of 
which tend to slow the water down and allow it to better infiltrate groundwater aquifers.    There are 
many other ways to harvest water in our state that have not been considered - for instance, capturing 
run-off on city roofs and streets, requiring homes to have separate sewage and gray water systems - this 
money could be used to directly benefit the residents of Southwestern New Mexico instead of large 
private property owners and Freeport McMoRan. 

 

It's time for us to take back our government out of the hands of private, big money interests! 



 

Catherine Berger 

425 Animas Creek Road 

Caballo, NM  87931      

 

 



From: Allen Campbell <ghss44@gmail.com> 

Sent: Monday, July 16, 2018 1:48 PM 

To: NM Unit EIS 

Subject: NMCAPUnit 

Attachments: Value increase and projected income less costs..pdf 

 

 

ATTN:  NM Unit EIS. 

 

FROM:     Allen Campbell           July 14, 2018 

                Member of NM CAP-Entity,   Gila Hotsprings Irrigation Association 

                ghss44@gmail.com 

                3792 Highway 15 

                Mimbres, NM 88049 

 

     As a member of the NMCAP Entity,  I support and have voted for the project we have submitted to 
you.  However, I am including below, some peripheral issues that are not defined in the scoping 
presentations. 

 

     First, The Economic Effect.  This issue cannot be evaluated over the short term, or even medium 
term, as in the "usable life" of a diversion structure or pond structure.  Since the AWSA gives New 
Mexico the right to divert up to 14,000 Acre foot/year once the NM Unit is approved and the CUFA 
provisions have been met, the right is perpetual in intent.  If the NM Unit is built to the design volume, 
we could still purchase an additional 8,100 Acre foot/year and sell this water at a profit through the Gila 
River Indian Tribes, an established protocol.  This out-of-state income would make the NM Unit self-
supporting with excess income for future development.  Thus, the NMCAP Entity or its successor would 
have the basis to support a Bond issuance to finance this development. 

    Water values have been increasing at a rate greater than the US Inflation Index.  Incremental 
improvements in the efficiency of water use will also increase this value at a greater rate over time, as 



water shortages become more acute.  This slightly higher inflationary trend will be reflected in all uses; 
agriculture, municipal and industrial.  It will also apply to the entire 14,000 A/f/y. 

     I did the math on this with the following values for 50 years:  (see the 50-Year End Value and Total 
Income Table below) 

 

          US CPI for 50 years = 3.22% 

          Additional water value increase for 50 years = 0.08% 

          Annual efficiency increase = 0.01% 

          Agriculture gross income per A/f, $300.  

          Open market profits = $200 per A/f, all BOR-CAP O. and M. costs paid by the purchaser, including 
ag. irrigation use as per CUFA. 

 

          NM CAPE costs not included but will be intrastate gross receipts. 

           

 Results for the sum of 50 years are (rounded to million): 

 

          If 5900 A/f of Gila/San Francisco are harvested, at the design rate and then used for agriculture 
and 8100 A/f were sold interstate: 

 

               1. The gross agricultural return within the State of NM would be $241,000,000, not including 
any economic multiplier. 

                    

               2.  The interstate sales gross returns to the State of NM would be $219,300,000. 

 

     It is very unlikely that NM CAPE will be able to harvest 5,900 A/f regularly, but over a rolling 10 year 
period, it may be possible to approach that goal.  It will also take time to establish interstate sales, but 
the gross returns to the New Mexico economy may approach $461,000,000 over the next 50 years. 



 

  The last part of the table is the 50 year projected consumptive water value.  The assigned value I used 
was $112,000,000 for 14K A/f for 2018.  The value in 2068 should be $642,000,000.  That would be 
$8000 and $45,880 respectively for a single acre-foot. 

 

 

     The "right" to secure and hold an additional 14,000 Acre foot has been the guiding principle behind 
several years of work by the NM CAPE.  This endeavor can only come to a beneficial end for New Mexico 
if and when we form a successful business protocol and organization.  NMCAPE ability to organize a 
business model is not an issue to be considered for the NEPA process, but rather an economic potential 
that must be considered in the evaluation.  The above figures are reasonable, but further economic 
studies need to be made for such a long-range projection. 

     I would be pleased to furnish you with a working copy of my 50-Year end Value and Total Income 
Table.  The text in red color are values that can be easily changed to reflect refined values from further 
economic studies.   

 

      

           



50 year end value and total income table

INFLATION + WATER 
INFLATION

EFFICENCIY VALUE  of 
14,000 A/f

INCOME, 5,900 A/
f  ONLY

 INCOME,  8100 A/f 
ONLY

value for 1 A/v

Variables in red CPI Water inc. efficiency $300 $200

3.22% 0.08% 0.0100% $8,000.00 5,900 8100 $8,000

2018 Sum of the above 3 cells >> 0.0331 $112,000,000 $1,770,000 $1,620,000 $8,000

2019 0.0332 $115,707,200 $1,828,587 $1,673,622 $8,265

2020 0.0333 $119,548,679 $1,889,296 $1,729,186 $8,539

2021 0.0334 $123,529,650 $1,952,210 $1,786,768 $8,824

2022 0.0335 $127,655,540 $2,017,413 $1,846,446 $9,118

2023 0.0336 $131,932,001 $2,084,997 $1,908,302 $9,424

2024 0.0337 $136,364,916 $2,155,053 $1,972,421 $9,740

2025 0.0338 $140,960,414 $2,227,678 $2,038,892 $10,069

2026 0.0339 $145,724,876 $2,302,973 $2,107,806 $10,409

2027 0.0340 $150,664,949 $2,381,044 $2,179,261 $10,762

2028 10 year 0.0341 $155,787,557 $2,462,000 $2,253,356 $11,128

2029 0.0342 $161,099,913 $2,545,954 $2,330,195 $11,507

2030 0.0343 $166,609,530 $2,633,026 $2,409,888 $11,901

2031 0.0344 $172,324,237 $2,723,338 $2,492,547 $12,309

2032 0.0345 $178,252,191 $2,817,021 $2,578,291 $12,732

2033 0.0346 $184,401,891 $2,914,208 $2,667,242 $13,172

2034 0.0347 $190,782,197 $3,015,040 $2,759,528 $13,627

2035 0.0348 $197,402,339 $3,119,662 $2,855,284 $14,100

2036 0.0349 $204,271,940 $3,228,226 $2,954,648 $14,591

2037 0.0350 $211,401,031 $3,340,891 $3,057,765 $15,100

2038 20 year 0.0351 $218,800,067 $3,457,822 $3,164,787 $15,629

2039 0.0352 $226,479,950 $3,579,192 $3,275,871 $16,177

2040 0.0353 $234,452,044 $3,705,180 $3,391,181 $16,747

2041 0.0354 $242,728,201 $3,835,972 $3,510,890 $17,338

2042 0.0355 $251,320,779 $3,971,766 $3,635,176 $17,951

2043 0.0356 $260,242,667 $4,112,764 $3,764,224 $18,589

2044 0.0357 $269,507,306 $4,259,178 $3,898,231 $19,251

2045 0.0358 $279,128,717 $4,411,231 $4,037,398 $19,938

2046 0.0359 $289,121,525 $4,569,153 $4,181,936 $20,652

2047 0.0360 $299,500,988 $4,733,185 $4,332,068 $21,393

2048 30year 0.0361 $310,283,023 $4,903,580 $4,488,022 $22,163

2049 0.0362 $321,484,240 $5,080,599 $4,650,040 $22,963

2050 0.0363 $333,121,970 $5,264,517 $4,818,371 $23,794

2051 0.0364 $345,214,297 $5,455,619 $4,993,278 $24,658

2052 0.0365 $357,780,098 $5,654,203 $5,175,034 $25,556

2053 0.0366 $370,839,071 $5,860,582 $5,363,922 $26,489

�1



2054 0.0367 $384,411,781 $6,075,079 $5,560,242 $27,458

2055 0.0368 $398,519,694 $6,298,034 $5,764,303 $28,466

2056 0.0369 $413,185,218 $6,529,802 $5,976,429 $29,513

2057 0.0370 $428,431,753 $6,770,752 $6,196,959 $30,602

2058 40 year 0.0371 $444,283,728 $7,021,270 $6,426,247 $31,735

2059 0.0372 $460,766,654 $7,281,759 $6,664,661 $32,912

2060 0.0373 $477,907,174 $7,552,640 $6,912,586 $34,136

2061 0.0374 $495,733,111 $7,834,354 $7,170,425 $35,410

2062 0.0375 $514,273,529 $8,127,358 $7,438,599 $36,734

2063 0.0376 $533,558,787 $8,432,134 $7,717,547 $38,111

2064 0.0377 $553,620,597 $8,749,183 $8,007,726 $39,544

2065 0.0378 $574,492,094 $9,079,027 $8,309,618 $41,035

2066 0.0379 $596,207,895 $9,422,214 $8,623,721 $42,586

2067 0.0380 $618,804,174 $9,779,316 $8,950,560 $44,200

2068 50 year 0.0381 $642,318,733 $10,150,930 $9,290,682 $45,880

TOTAL WATER 
RIGHTS VALUE 
VALUE

$642,318,733

TOTAL PROFIT, 
WATER SALES

$219,292,181

AGRICULTURE 
PROFITS

$241,367,012.71

GRAND TOTAL $460,659,193.83

single acre foot 
values.

$45,880 $17,240.50 $15,664

INFLATION + WATER 
INFLATION

EFFICENCIY VALUE  of 
14,000 A/f

INCOME, 5,900 A/
f  ONLY

 INCOME,  8100 A/f 
ONLY

value for 1 A/v
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From: Joanie Connors <jvcphd@gmail.com> 

Sent: Monday, July 16, 2018 7:41 PM 

To: NM Unit EIS 

Cc: M L Newell; morrison carol; Marcia Stout; Smith Stephanie; Dianne 
Maughan 

Subject: NM Unit EIS Statement 

Attachments: NM UNIT EIS Proposed Gila Diversion Project.docx.pdf 

 

 
July 15, 2018 
Phoenix Area Office 
Bureau of Reclamation  
ATTN:  NM UNIT EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 

RE:  Proposed Gila Diversion Project   

To Whom It May Concern: 
We are writing on behalf of the southwest New Mexico chapter of the national organization, 
Great Old Broads for Wilderness, to add our comments to the EIS for the New Mexico Unit of 
the Central Arizona Project.  We are strongly opposed to the project for its many negative 
impacts to the Gila and San Francisco rivers and riparian areas. 
1)  Any interference with the natural flow of the rivers will harm treasured and endangered 
species of birds, fish, amphibians and mammals and their habitats.  Additionally, there are no 
guaranteed CFS flow minimums. These issues place unwarranted stress on the endangered 
species and their riparian habitats. 

2)  There are still too many unanswered questions, as there have been all along, about product 
design and product costs to go forward.  Also, why plan to overbuild for a Phase II when there is 
clearly insufficient funding appropriated for Phase I? 



3)  The Gila and San Francisco rivers are environmental jewels of the Southwest.  Why damage 
them for the benefit of the “chosen” few? A Wild and Scenic River Designation is under 
consideration.  Why rush to destroy these resources? 

4)  There are other pressing water needs in southwest New Mexico.  There are numerous other 
proposals with documented need, cost efficiency, and better cost-benefit ratios. 

As a local organization we stand in strong opposition to this wasteful and harmful use of our 
public funds. 

Mary Lynne Newell & Joanie V. Connors, Co-Leaders  
Aldo’s Silver City Broadband, Great Old Broads for Wilderness 
Silver City, NM 88061 

cc: Great Old Broads for Wilderness, Durango, CO 

 



 

July 15, 2018 

Phoenix Area Office 
Bureau of Reclamation  
ATTN:  NM UNIT EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 

RE:  Proposed Gila Diversion Project  

To Whom It May Concern: 

We are writing on behalf of the southwest New Mexico chapter of the national organization, 
Great Old Broads for Wilderness, to add our comments to the EIS for the New Mexico Unit of 
the Central Arizona Project.  We are strongly opposed to the project for its many negative 
impacts to the Gila and San Francisco rivers and riparian areas. 

1)  Any interference with the natural flow of the rivers will harm treasured and endangered 
species of birds, fish, amphibians and mammals and their habitats.  Additionally, there are no 
guaranteed CFS flow minimums.  These issues place unwarranted stress on the endangered 
species and their riparian habitats. 

2)  There are still too many unanswered questions, as there have been all along, about product 
design and product costs to go forward.  Also, why plan to overbuild for a Phase II when there is 
clearly insufficient funding appropriated for Phase I? 

3)  The Gila and San Francisco rivers are environmental jewels of the Southwest.  Why damage 
them for the benefit of the “chosen” few?  A Wild and Scenic River Designation is under 
consideration.  Why rush to destroy these resources? 

4)  There are other pressing water needs in southwest New Mexico.  There are numerous other 
proposals with documented need, cost efficiency, and better cost-benefit ratios. 

As a local organization we stand in strong opposition to this wasteful and harmful use of our 
public funds. 

Mary Lynne Newell & Joanie V. Connors, Co-Leaders  
Aldo’s Silver City Broadband, Great Old Broads for Wilderness 
Silver City, NM 88061 



Bureau of Reclamation-Phoenix Area Office 
Attention: NM Unit EIS 
6150 West Thunderbird Rd, 
Glendale, AZ 85306 

The purpose of my commentary is to call into question the pre ~~--+----t 
potential for AWSA water to contribute beyond a small degree to econ · en~+-fl.,.-+----1 
Gila Valley agricultural producers. Information is presented here abou . .·, ~t-·'tr---~----; 

I, ·l1 'I fil)i. 
factors of agricultural production that I have found, as an agricultural :;.;,n:;:,;n .• 'i'T~----t 

be standard topics to examine in developing cost/benefit analyses. 
Important questions to consider regarding the premise of economic ene It 

from AWSA water are, why have the Cliff/Gila Valley agricultural irrigators chosen to 
maintain pasture as the crop on over 95% of the irrigated land? What are the barriers 
and constraints to making other crop production choices? What is the role of water 
quantity and timing of water availability in those choices? The factors I describe below 
provide some answers. 

Land Ownership Farm managers must own the land and water rights to 
invest in the machinery, infrastructure and management time to change what they 
grow unless they have a very long term lease. This alone can make any potential for an 
enhanced agricultural economy a moot point. In the Cliff/Gila Valley, at least 63% of 
the irrigated land is owned by Freeport-McMoran, meaning that 37% (about 740 
acres) is privately owned by people who can control the long-term use (whether or not 
as a farm business) of the landl. Any examination of agricultural potential in the Gila 
Valley should use only farmer-owned acres. 

A parallel issue of great concern is adding the value of AWSA water to land 
owned by an international mining company. How will agricultural use of that water be 
guaranteed? Even if it could, the constraints of leased versus owned land regarding 
investments in infrastructure, specialized equipment, and marketing remain. 

Soil and topography Both of these factors present limitations that are rigid 
barriers. Soil type (technically, soil textural class) cannot be altered beyond the micro
scale of garden plots and yards. The soil types that predominate to the point where 
other soils are very minimally present in the Gila/Cliff Valley, are Paymaster-Ellicott, 
with some Stirk Variant and other very small areas of Manzano loam along with 
gravelly soils. Paymaster-Ellicott is a sandy-loam-gravelly loam mix, well to excessively 
drained, while the Stirk Variant is a silty-clay loam underlain by clay to a depth of 60 
inches. Manzano loam is clay beneath the 1-3" of surface loam. The pH levels of these 
and the other valley (and upland) soils are above 7.0, which makes them unsuitable for 
crops that prefers slightly acidic soil such as vegetables, vine fruits and brambles. The 
Cliff/ Valley soils are not among the moderately high or highly productive soil 
types.2,3High value crops, vegetables such as tomatoes and garlic, fruits such as 

1 NM Acequia /Ditch Associations 
http:/ jwww.nmacequiacommission.state.nm. us/ Acequia-Lists/ Acequia-list-CoE. pdf 
2 websoilsurvey.nrcs.usda.gov fappfWebSoilSurvey.aspx for 2017 soil map with soil 
type units 



strawberries, raspberries and other brambles, grapes, and pecans and other nut
bearing trees don't yield beyond fair to moderately, at best in these soil types. In 
contrast, soils with a higher silt loam content are far more productive and do 
predominate in the irrigated agricultural areas of Luna County. Typically about 5,000 
acres of vegetables and over 1,000 acres of pecans are grown there, along with higher 
value forages and grains to total an average of about 25,000 irrigated acres annually 
during 2009 to 2014, with 23,371 irrigated, planted acres reported in 2017.4 

Topography- Land Availability Irrigated lands must be close to level, limiting 
production to river valleys, especially throughout the Gila River Valley where bench
lands consist of stony, shallow soils. The Gila River Valley is surrounded by steep 
slopes, limiting acreage that can be added in to production. The producers know the 
land. In fact, in focus group sessions, the Cliff/Gila Valley farm producer attendees 
stated that with additional water, perhaps 80-100 additional acres could be available, 
and producers from Virden noted thatAWSA water could help them add 50-100 acres.s 
The potential for approximately 200 additional acres do not justify construction and all 
the other costs associated with AWSA water development projects. There is also the 
factor of the irrigation history required to qualify for AWSA water on added lands. 

Climate-Water An assessment of this topic, along with temperature 
fluctuation stress on crops in the areas slated for A WSA water: "The most recent 
drought began in the late 1990s and has been made worse by record increases in 
temperature. Climate change is projected to increase the frequency, severity and 
duration of drought. While the region is expected to get drier, it's likely to see larger, 
more destructive flooding events."6 It is clear that predictive data as to divertible 
water in future years and decades needs to be applied to the assumptions of volume 
that can be taken from the Gila River. Evaporation from storage structures must be 
calculated based upon the increased temperatures and reduced humidity as well as 
decreased precipitation. Such an analysis is integral to the planning and investments 
by farm owner/ operators and impacts the feasibility of shifting to higher value crops. 
Analysis of climate impacts is also germane to the requirement that 30,000 acre feet 
needs to be in storage in the San Carlos Reservoir (Arizona) to allow diversion of 
AWSA water from the Gila River in New Mexico. 

In the Economic Study of Agriculture in Southwest New Mexico from the 2004 
Arizona Water Settlements Act (AWSA) Water and Funding, (Ward and Crawford, 
2014), p.34, "Added water demands per acre that could result from climate warming 
were not calculated for our study. Water scarcity could also be overcome with more 
efficient irrigation and production practices as long as ET (evaporation and 

3 Soil Survey of Grant County New Mexico, Central and Southern Parts, USDA Soil 
Conservation Service, October, 1983 reference for map unit descriptions 
4 USDA Farm Service Agency crop data 2009-2014, from 

"--"-'""=+--'""~"="'+-''--~'"--""'""=c""'-""--""''"""-""=""'''--'-"'-"--'""-"---"-~'"'-"''""'-""'"-'"""-0'- requested info rma ti on/ era p 
s Economic Study of Agriculture in Southwest New Mexico from the 2004 Arizona 
Water Settlements Act (AWSA) Water and Funding, Ward and Crawford, 2014 
Appendix 2 Producer Panels, pps 109, 112 
6 Final Assessment Review of Ecological/Social/Economic Sustainability Conditions 
and Trends, Gila National Forest. NM. USDA, U.S. Forest Service, 2017, p. 431 
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transpiration) does not increase." Although evapo-transpiration does increase when 
humidity drops and temperature rises, more efficient irrigation always saves water 
over open ditch and flood systems if properly maintained. Ward and Crawford's 
statement negates the rationale for A WSA water diversion and storage projects in the 
Gila/Cliff Valley as they currently have highly inefficient ditch and flood irrigation 
systems. If they are short on water andjor need better timed water, why have they not 
installed more efficient systems? The fixed constraints these farmers face ofland 
ownership, soil types and climate that caused their choice of pasture as the 
predominant crop answer this question. Nothing about AWSA water and storage 
changes any of these constraining factors. 

Climate-Temperature 
Ward and Crawford's study applies the generalized USDA Growing Zones of the 

United States to assign Zones 7a and 7b to the Gila River Valley. Crops grown in other 
regions that are in Growing Zones 7a and 7b are then used as example crops applied to 
the study's models to project potential for increased income from AWSA water. 7 In my 
professional experience, Growing Zones are too general for crop selection, and micro
climates must be considered. This requires temperature data (see Table 1) that is quite 
localized as compared to Growing Zone maps or selecting what is grown elsewhere in 
the same generalized zone. Table 1 data illustrate the differences in high and low 
temperatures between Cliff/Gila and Virden area and emphasize my point that micro
climate consideration is crucial to crop selection. Note the differences between average 
highs and lows for the critical months of March, April, May, September and October for 
these two areas. The Cliff/Gila Valley's spring frost risk makes the production of any 
spring or fall frost sensitive or summer heat sensitive crop unrealistic beyond a micro
scale that relies on row covers. For example, grape and pecan production modeled by 
Ward and Crawford to demonstrate enhanced income are unsound agronomic choices. 
Risk is too high as buds and flowers would be subject to frost in the spring period when 
daytime highs and sunlight would have brought the vines out of dormancy. Grapes also 
need protection from high temperatures, making them a high risk for the Virden Valley 
area. 

Pecans require a long growing season, too longfor the Cliff/Gila Valley, where 
cold air drainage from the Mogollon Range makes it highly unlikely that the 285 warm 
days from bud break, nor 171-189 days from flower to harvest needed by commercial 
varieties could occur. 8, 9 Early spring and fall frost risk and summer heat stress are also 
problematic for the bramble crops and melons used in Ward and Crawford's model to 
representthe high value crop mix.1° Climate warming trends do not negate my point, 

7 p 12 Ward, Crawford paper 
8 How Cold Can You Go? Frost and Winter Protection for Grapes. }.Davenport, M.Keller, 
L. Mills, HortScience, Dec 2008, Vol43, no.7, pps 1,2 
http:/ jhortsci.ashspublications.org/ content/ 43/7 /1966.full 
9 Commercial Pecan Orchards in Texas, C.R. McEachern, L.Stein, J. Sauls, aggie
h orti culture. tamu. ed u/fruit-nut/ commercial-pecan -orchards-in-texas I 
10 Bramble Fruits: An Economic Assessment of the Feasibility of Providing Multiple
Peril Crop Insurance for Raspberies and Blackberries, Economic Research Service, 
USDA. 10-21-1996 www.rma.usda.gov.fpilots/feasible/PDF /bramble.pdf 
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because temperature extremes are not projected to ease, and may even become more 
frequent. 

Table 1 
Cliff, New Mexico 

Jan Feb 
Avg 55 59 
Hi h 
Avg 21 
Low 

24 

Red Rock, New Mexico nearest available data to Virden 

Nov Dec 
63 54 

26 21 

Jan Feb March April May June July Aug Sept Oct Nov Dec 

Avg 57 62 66 57 
Hi h 
Avg 26 28 31 25 
Low 

same 
web site for Red Rock, NM. No data found for Virden 

Market Competition (local and distant) 
Where land is suitable for crops that provide an economic return to families committed to 
farming for a living, it is being done on a viable scale in non-AWSA watersheds, where the 
infrastructure investments required for efficient production have already been made. 

To characterize market competition, consider that Grant County irrigated 
agriculture consists of 4,580 acres outside of the Gila River basin---in non-AWSA 
watersheds (Mimbres and other) compared to 2,000 acres in the Gila Valley. The water 
availability and irrigation systems (primarily tlood from ditches) are similar among 
these areas. 

In Hidalgo County, a more striking acreage contrast exists. Areas outside the 
Gila River Basin-in non AWSA "Bootheel" watersheds irrigated acreage grew 20% 
from 2010 to 2014, to 27,000 irrigated acres. In 2015 this jumped to over 45,000 and is 
at about 4!,000 in 2017 compared to the Virden Valley's (Gila River Basih-A.WSA area) 
2,200 irrigated acres. 11This is a 32% irrigated agricultural acreage in the Bootheel. 

An essential factor is access to markets that have a gap in supply. No analysis 
has been done as to whether the Cliff/Gila Valley and Virden area producers could 
compete with producers from within their own region who control vastly more 
a<.Teage than the potential ofthe Gila Valley, such as Hidalgu County's Bootheel region, 
Deming and Columbus in Luna County, the Lower Rio Grande in Dona Ana County and 
Northern Mexico. Nor has any analysis been done of the potential for Cliff/ Gila Valley 
and Virden producers to break into existing markets. 

11 USDA Farm Service Agency crop data 2010-2015 and 2017 from 

information/ crop 



Local Markets are limited The table below shows current population figures 
and trends. Our region reflects the trend across the Western U.S. of increasing urban 
and decreasing rural populations. In fact, our regional population decreased close to 
6% in recent years. 

Silver City and Demingare the region's population centers, thus the potential 
markets. However, they are not viable markets for high value agricultural products 
beyond the current micro-farm scale. The Grant County poverty rate is 20% compared 
to 15% across the US with a senior poverty rate of 27% compared to 10% in the U.S. 
and child poverty rate of 34% compared to 20% across the U.S. Luna County has a 
27.6% poverty rate, and Hidalgo's poverty rate is at 24.3% 12 Households in poverty or 
in the low to low-middle income ranges do not have cash flow to buy high-value food 
products. 

Table 2-Census data Southwest New Mexico 
Human Population 2010 2017 %Change 
Catron 3,725 3,587 -3.8 
Grant 29,514 27,667 -6.2 
Hidalgo 4,894 4,305 -12.0 
Luna 25,095 24,018 -4.1 
TOTAL: 63,228 59,577 -5.7 

Table 2 Source: United States Census Burearrwehsite 2t:J17 

Human Resources Human resources in the form of owners/managers and 
hired labor are essential to crop production enterprises. There are several limiting 
factors in the Gila Valley. Land ownership and availability as described on page 1 of 
this commentary are significant barriers. OLaborisnotcurrently ·avaHahle-forthe 
production of higher-value crops. Ward and Crawford consider this barrier with the 
comment, "current policy restrictions on guest worker program will need to be relaxed 
to allow economically affordable harvest of high value crops," and "Typically many 
potentially high value plants are non-determinate requiring multiple pass pickings as 
thecrop·ripens·or matures,·which·raises·production costs."13 The location of the 
Cliff/Gila Valley must be a factor of consideration in analyzing the potential to bring in 
a new agricultural work force. It is geographically isolated from major transportation 
corridors, in contrast to Virden and Deming's proximities to Interstate Route 10. 

"If you don't measure it, you can't manage it." That phrase of conventional 
wisdom is used throughout the Cooperative Extension system. The Cliff/Gila Valley 
irrigators claim that their water use from the Gila River is not metered.14 If they do not 
know how much they are using, how do they know they need more than what they 
have? How can a project to supply them with more water be justified based on need 
when need cannot be established? The factors I have described present significant 
barriers to positive economic changes in the current agricultural production in the Gila 

12 US Census Bureau website, 2015 
13 Economic Study of Agriculture in Southwest New Mexico from the 2004 Arizona 
Water Settlements Act (AWSA) Water and Funding, Ward and Crawford, 2014, p.33 
14 see reference 13, page 112 



River Valley in New Mexico. Alternatively, the Grant County Water Project could serve 
several thousand people who have a pressing need for water for basic survival. That 
proj~Gtis shQrt_ qf funds and. WQU}d. b~ a. vezy sm.md. us.~ Qf AWSA dQ)]ars.. 

The Gila Valley producers who wish to commit to long-term crop production as 
an income source can obtain USDA cost-share funds for improved irrigation efficiency. 
Perhaps A WSA funds could be used to assist them in establishing NRCS approved 
water conservation practices and systems along with the standard soil conservation 
plans. There is not enough sound justification to use federal (or any other) dollars to 
invest in the construction of a NM Unit, no matter the size and nature of the 
components. 

Respectfully submitted, 

Lisa A. Fields 
19 Michelle Lane 
Silver City, NM 88061 

Certified Crop Adviser (retired) 

Professional backgrotmd;· 
Cooperative Extension Agricultural Educator 
Farm ffusihess Management contractor, USDA Farm Service Agency 
Independent, consulting forage agronomist, Upper Susquehanna Basin Watershed on-farm 
projects 
Current (since 2007), contract writer for Quirine Ketterings, Professor of Nutrient 
Management in Agricultural Systems, Cornell University, Ithaca, NY 
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County Name Contact1 Contact2 Address City St Zip Bylaws #of_Irrigators Tot_Ac_Irrig Lg_Fm_Unit Sm_Fm_Unit Map
Bernalillo RIO GRANDE DRAINAGE BASIN

Rio Grande
Middle Rio Grande Conservancy District Raoul Cordova Joe Griego 1930 2nd St. SW Albuquerque NM 87103 no unk 10,975 0.1

Catron SAN FRANCISCO RIVER DRAINAGE BASIN
Mineral Creek
Oaks Ditches #1 and #2 John McKeen Jr. Rt. 10 Gleenwood NM 88039 no 4 102.4 48.4 4.2
Jackson Ditch John Faust Rt. 10 Box 152 Gleenwood NM 88039 no 3 44.3 24.9 2
San Francisco River
North Side Luna Irrigation Company Ditch Buford Hulsey Box 61 Luna NM 87824 no 35 165 29.4 0.1
Parsons Ditch Earl Baker Frisco Rt. Reserve NM 87824 no 35 44.3 29.4 0.1
Middle Frisco Ditch and Kiehne Ditch Bill Kiehne Bsox 332 Reserve NM 87830 no 11 133.7 33.4 0.8
San Francisco Ditch Anselmo Lerma Frisco Rt. Reserve NM 87830 no 12 51.3 13.5 0.4
W. S. Ditch Hugh B. McKeen Rt. 10 Box 175 Gleenwood NM 88039 no 3 136.4 68.4 68
East Pleasanton Ditch Vernon Holliman Box 297 Gleenwood NM 88039 no 19 267.3 102.7 0.9
Spurgeon #2 Ditch Frank J. Dirba Rt. 10 Box 175 Gleenwood NM 88039 no 3 47.7 33.7 3.6
Lower Frisco Ditch Porfirio Armino Frisco Rt. Reserve NM 87830 no 5 35.5 11.9 1.5
Tularosa Creek
High Tower Ditch Robert Atwood Box 136 Reserve NM 87830 no 5 31.1 10.6 3.1
Tularosa-Cruzville Ditch Ramon L. Trujillo Star Rt. Reserve NM 87830 no 4 21.8 11.3 1.7
Atwood (Negrito) Ditch E. H. Mullins P.O. Box K Reserve NM 87830 no 3 8.7 4.35 0.9
White Water Creek
North Ditch (Sipes) W. C. Allred Glenwood NM 88039 no 6 43.1 18.2 0.3
North Ditch (Aragon) Mel Aragon Reserve NM 87830 no 15 92.2 18.1 0.3
South Ditch (Aragon) Mel Aragon Reserve NM 87830 no 10 49.9 12.1 2.3

Chaves PECOS RIVER DRAINAGE BASIN
Pecos River
Hagerman Irrigation Company Robert Solas P.O. Box 507 Hagerman NM 88232 no 81 9,026
Rio Penasco
Tillotson-Paul, North Ditch Loren A. Reeves Hope NM 88250 no 3 130 68 30

Cibola RIO GRANDE DRAINAGE BASIN
Bibo Creek
Bibo Irrigation System Reginald Garcia P.O. Box 1966 Albuquerque NM 87103 no 220
Juan De Tafoya Canyon
Murray Acres Irrigation Association Larry Carver Box 2038 Milan NM 87021 no 19 134
Rio San Jose
Bluewater-Toltec Irrigation District Walter J. Freas Bluewater NM 87005 no unk 3000 0.5
San Jose Canyon
San Fidel Irrigation System Bruce Boynton General Delivery San Fidel NM 87049 no unk 200
San Mateo Springs
San Mateo Irrigation System T. E. Gonzales General Delivery San Mateo NM 87050 no unk 200
Seboyetta Creek
Seboyetta Irrigation System Reginald Garcia P.O. Box 1966 Albuquerque NM 87103 no unk 240
Water Canyon
Cubero Irrigation System Alex Gonzales P.O. Box 181 Cubero NM 87014 no unk 250
Acequia Ojo Del Gallo Eddie Chavez Miguel Mirabal General Delivery San Rafael NM 87051 no unk

Colfax CANADIAN RIVER DRAINAGE BASIN
Canadian River
Vermejo Conservancy District Leonard Knox P.O. Box 292 Maxwell NM 87728 no unk
Cimarron River
Antelope Valley Irrigation District Clarence Kelly Rt. 1 Box 56 Springer NM 87747 no unk
Springer Ditch Company Carlos Pena P.O. Box 275 Springer NM 87747 yes unk 7500

De Baca PECOS RIVER DRAINAGE BASIN
Pecos River
Fort Sumner Irrigation District Ozelle Howe P.O. Bsox 374 Ft. Sumner NM 88119 no 215 6500 402 0.01

Dona Ana RIO GRANDE DRAINAGE BASIN
Rio Grande
Elephant Butte Irrigation District (EBID) William Saad P.O. Drawer A Las Cruces NM 88004 no unk 87,270
Baca Lateral - BGB Group (EBID) Gail V. Barton 10287 N. Hwy. 85 Las Cruces NM 88005 yes 3 11 5 3
Califronia Lateral - Nelson Group (EBID) John L. Nelson 2950 W. Union Ave. Las Cruces NM 88005 yes 3 20 12.4 3.8
Alta Vista Lateral - Alta Vista Group (EBID) Henry Ludwig P.O. Box 1891 Anthony NM 88021 yes 5



Garfield Canal - Elm Group (EBID) Henry Torres P.O. Box 117 Hatch NM 87937 yes 12 60.6 14.4 2.3
Mesilla Lateral - Acequia de Mesilla (EBID) Johnny Kryritz 2951 Glass Rd. Las Cruces NM 88005 yes 20 95.7 26.3 0.5
Deck Lateral - Coldwell Group (EBID) Donal Soukup Star Rt. Box 159 Anthony NM 88021 yes 5 152 55.7 3
San Miguel Lateral - Corpening Group (EBID) John Corpening P.O. Box 1577 Anthony NM 88021 yes 5 44.2 32.7 1
Vega Lateral - Green Meadows Assoc. (EBID) Cal Brandt Rt. 1 1129 Boundry Anthony NM 88021 yes 14 46.5 10.9 2
Leasburg Canal - East Taylor Community Ditch (EBID) Robert D. Anderson 645 Taylor Rd. Las Cruces NM 88005 yes 7 10 2 1
3 Saints Lateral - Franco Community Ditch (EBID) Hector Franco P.O. Box 51 Vado NM 88072 yes 7 74 44 5
Clark Lateral - G. R. S. Group (EBID) W. Schumacher P.O. Drawer 70 Las Cruces NM 88001 yes 3 38 24 5
Eastside Canal - Herrera Group (EBID) David Herrera P.O. Box 777 Mesquite NM 88040 no 3 194 139 17
Louisiana Lateral - La Quinta Irrig. Assoc. (EBID) William Bullock P.O. Box 550 Las Cruces NM 88004 yes 7 120 80.7 2.3
Las Cruces Lateral - Mayfield Community (EBID) John C. Nunemaker 2710 N. Valley Dr. Las Cruces NM 88005 yes 20 68 34 0.2
Tortugas Lateral - Myers Community Group (EBID) John Benton P.O. Box 491 Mesilla Park NM 88047 yes 5 13.6 3.7 2
Dona Ana Lateral - PG&F Group (EBID) J. W. Frost 401 Dona Ana Sch. Rd. Las Cruces NM 88004 yes 3 13.1 10 0.7
Eastside Canal - Stewart Community Ditch (EBID) Ruth Stewart P.O. Box 56 Mesquite NM 88048 yes 4 79.4 41 5
Corralitos Lateral - La Segunda Acequia de Corralitos (EBID) Paul Thomason 565 Carver Rd. Las Cruces NM 88005 yes 9 50.6 10 3.4
Corralitos Lateral - Singh & Singh (EBID) Juan Singh P.O. Drawer CK Anthony NM 88021 yes 3 329.4 217.7 36.7
La Union East Canal - B. D. Brown Estate Community (EBID) Patrick D. Brown Rt. 1 Box 313 Anthony NM 88021 yes 4 95.6 27.8 12
Kelso Lateral - Boyles (EBID) Arnold D. McMillan 2054 Crescent Dr. Las Cruces NM 88001 no 8 140
California Lateral - Clayshulte Community Ditch (EBID) Donald Helfrich P.O. Box 3548 Las Cruces NM 88001 yes 8 186 90 1
Hatch Canal - Durkin Community Ditch (EBID) Alice Durkin P.O. Box 282 Hatch NM 87937 yes 5 42.7 15.8 2.8
Rodey Lateral - Rodey Community Ditch Group (EBID) Dennis Riggs P.O. Box 5 Hatch NM 87937 no 3 86 37 23
Scoggin Community Ditch Group (EBID) Ruben Viramontes Box 525 Hatch NM 87937 yes 8 13 3 1
3 Saints Main Canal - Sleepy Farms E.Side Community Ditch (EBID) John Verslype Star Rt. Box 225 Mesquite NM 88048 yes 9 56.4 10.1 5
3 Saints Canal - Sleepy Farms El Probre Community Ditch (EBID) Jerry Keosoff P.O. Box 1867 Anthony NM 88021 yes 8 50.5 10.6 5.1
Louisana Lateral - Chisholm Group (EBID) Joy Chisholm P.O. Box 397 Las Cruces NM 88004 yes 9 128 33 0.05
Chamberino Lateral - Montes Group (EBID) Victoria Montes RT. 1 Box 368 La Mesa NM 88044 yes 4 27 6.77 6.64
Old English Lateral - Old English Group (EBID) Thomas Bulger 7105 N. Dona Ana Rd. Las Cruces NM 88005 yes 3 26.7 10.9 6.8
La Union West Lateral _ Tellez Group (EBID) Joel Tellez Rt. 1 Box 558 Anthony NM 88021 yes 3 92.6 80.8 4.3
3 Saints Main Canal - Williams Group (EBID) K. D. Williams P.O. Box 597 Anthony NM 88021 yes 3 16.89 5.75 5.4
Vinton Lateral - Vinton Group (EBID) Calvin Parnell Rt. 1 Box 22 Anthony NM 88021 yes 5 50.5 18 3.7
Gonzales Lateral - Gonzales Group (EBID) Henry Duran Box 291 Derry NM 87933 yes 3

Eddy PECOS RIVER DRAINAGE BASIN
Pecos River
Carlsbad Irrigation District Jay Forbes P.O. Box 1718 Carlsbad NM 88220 no unk
Rio Penasco
Hope Community Ditch Robert Barley Box 1417 Hope NM 88250 yes 54 2800

Grant GILA RIVER DRAINAGE BASIN
Gila River
Gila Hot Springs Ditch Dawson Campbell Rt. 11 Gila Hot Springs Silver City NM 88061 no 16 29.5 5 0.4
Grandpa Harper Ditch Ralph Wright Box 31 Red Rock NM 88055 no 3 122.3 50.4 1.4
Fort West Ditch Jim Shelley Box 203 Gila NM 88038 yes 21 297.4 38.9 0.3
Upper Gila Ditch Leona Rice Box 28 Cliff NM 88028 no 5 211.2 38.3 3.9
Riverside Ditch Bill Schear P.O. Box 86 Cliff NM 88028 no 11 18.1 3.5 0.1
Gila Farm Ditch Timmy Matthews Box 142 Gila NM 88038 yes 10 195.3 85.1 1.9
MIMBRES RIVER DRAINAGE BASIN
Mimbres River
Grialva Ditch Sam Grijalve P.O. Box 349 Central NM 88026 no 6 51.4 23.2 4
San Lorenzo Community Ditch East Jupe Bounds WigWam Ranch San Lorenzo NM 88057 yes 13 327.2 203.8 7.2
San Lorenzo Community Ditch West John Von Tress Mimbres NM 88049 yes 5 70.5 34.5 2.1
Ancheta-Galaz Ditch Amanda Johnson Black Range Station San Lorenzo NM 88057 no 6 106 55.2 2.1
Heredia Community Ditch Walter Biebelle Jr. Rt. 15 Box 2225 San Lorenzo NM 88057 no 5 103.7 35.2 11.7
Llano Ditch Luis M. Cordova Rt. 15 Box 2025 San Lorenzo NM 88057 no 5 56.5 16.4 0.7
Tajo Ditch (San Juan Ditch Cooperative Assoc.) Charlie Disert Rt. 15 Box 800 San Lorenzo NM 88057 yes 4 105.7 70.4 10.2
Eby and Baca Ditch Regis McSherry P.O. Box 95 Faywood NM 88034 no 6 115.7 57.7 1.3
Macedonio Ditch Regis McSherry P.O. Box 95 Faywood NM 88034 no 9 70.06 18.5 0.6
Wardwell Herron Ditch Janelda B. Thompson Rt. 15 Box 1200 Faywood NM 88034 no 5 6604 19.9 8.4
Baca Ditch (Old U.S. Government Ditch) Regis McSherry P.O. Box 95 Faywood NM 88034 no 5 93.8 43.2 4.1

Guadalupe PECOS RIVER DRAINAGE BASIN
Pecos River
Upper Anton Chico Ditch Felipe Tenorio Rt. Box 5 Anton Chico NM 87711 no 24 72 9 0.5
Lower Anton Chico Ditch Eduardo E. Lucero P.O. Box 214 Anton Chico NM 87711 no 47 253.6 26.7 0.8



Hormigoso Community Ditch Christobal Marquez 626 Baca Street Santa Fe NM 87501 yes 7 48.3 14.6 2.7
Bado de Juan Pais Ditch Francisco Padilla Box 88 Dila Rt. La Loma NM 87724 no 118 693.2 26 0.5
Las Colonias Community Ditch Christian Sisneros Colonias Rt. Santa Rosa NM 88435 no 59 379 32.4 0.4
Santa Rosa Swamp Ditch Ben J. Baca 423 Tulare NE Albuquerque NM 87106 yes 5 82.2 31 2.1
East Ditch at Puerto de Luna Andy J. Madrid P.O. Box 255 Santa Rosa NM 88435 yes 42 327.5 44.7 0.1
Giddings Ditch A. T. Austin Santa Rosa Farms Santa Rosa NM 88435 no 7 131.5 29.6 1
West Puert de Luna Ditch Juan Padilla General Delivery Puerto de Luna NM 88432 no 85 358.2 39 0.1
Labadie Ditch near Santa Rosa Rudolph Johnson Santa Rosa NM 88435 no 3 73.7 57.3 4.3
Ortega Ditch below Santa Rosa John Buth 6833 Leonard Rd. Coopersville MI 49407 yes 3 65 42.5 6

Hidalgo GILA RIVER DRAINAGE BASIN
Gila River
Sunset Ditch Company Edward L. Payne Rt. 1 Box 293 Duncan AZ 85534 no 27 2,432 313.8 7.3
Model Canal Roy A. Johnson Rt. 1 Box 341 Duncan AZ 85534 no 9 428 173 6

Lincoln PECOS RIVER DRAINAGE BASIN
Rio Bonito
Lincoln Acequia Water Users Howard Abercrombie Lincoln NM 88338 yes 17 51 15.2 0.7
Governament Spring Ditch Margaret P. Shrecengost Box 68 Lincoln NM 88338 yes 6 45.5 43.1 0.1
Providencia Ditch Fred W. Pfingsten Capitan NM 88316 no 6 132.8 101 0.5
Fritz and Gonzales Ditch Mrs. A. T. Pfingsten P.O. Box 44 Hondo NM 88336 no 4 18.2 10.4 0.3
Sedillo and Cruz de Jara Ditch Margaret P. Shrecengost Box 68 Lincoln NM 88338 no 5 59.5 31.2 3.6
Rio Hondo
J. & P Analla Ditch Lorena Radcliff Box 236 Hondo NM 88336 no 3 74.5 36 7.2
Serrano Ditch Roberet O. Anderson P.O. Box 1000 Roswell NM 88202 no 3 107.8 105.9 0.3
Picacho Ditch Royce Griggs Circle Diamond Ranch Picacho NM 88343 no 9 123 48.1 2.6
Rio Ruidoso
Ambrocio Chavez Ditch Archie Witham P.O. Box 546 Carrizozo NM 88301 yes unk
Maxwell Ditch Earl Allison Glencoe NM 88324 no 7 100.5 23.1 9
San Patricio Ditch Michael Hurd P.O. Box 108 San Patricio NM 88348 no 15 158.8 59 1.2
Pablo Chavez Ditch Archie Witham P.O. Box 546 Carrizozo NM 88301 yes 5 127.7 102.6 1.5
Chosas North Ditch (A. Sanchez Community Ditch) Hat M Ranch, Inc. P.O. Box 15 Ruidoso NM 88346 no 9 62.2 16.9 0.2
Hale South Ditch Leonard McCutcheon Box 57 Ruidoso NM 88346 no 8 66.3 20.6 0.5
Avent-Bracken Ditch Leonard McCutcheon Box 57 Ruidoso NM 88346 no 8 70.2 31.8 0.7
A. Sanchez Ditch L. W. Haney Glencoe NM 88324 yes 8 77.8 25.8 1.6
Storm Ditch McKinley McTeige P.O. Box 56 Hondo NM 88336 no 9 114.1 37.8 3.7
F. Sanchez Ditch Frank Gomez P.O. Box 34 San Patricio NM 88348 yes 15 66.1 16.5 1.3
Ilewitt Ditch W. C. Williams Jr. P.O. Box 3838 Ruidoso NM 88345 no 8 30 11 0.5
L. Gallegos Ditch Henry Silva Glencoe NM 88324 no 8 28.2 5.6 1.6
Barragon & West Ditch Kenneth Nosker Glencoe NM 88324 no 7 65.7 24.9 1.8
Leopoldo Gonzales Ditch Kenneth Nosker Glencoe NM 88324 no 4 35.4 13.3 5.7
Chosas South Ditch Manuel Corona P.O. Box 212 San Patricio NM 88348 no 6 16 5 0.9
Lower Chosas South Ditch George Romero P.O. Box 124 San Patricio NM 88348 yes 13 47.1 8.2 1
F. Herrera South Ditch Ira Miller 154 Calle De Ojo Felez Santa Fe NM 87505 no 3 37 16.6 4.8
J. Tully Ditch Gerald Tully Glencoe NM 88324 no 3 53.1 35.5 5.4
Mes Ditch Michael Hurd P.O. Box 108 San Patricio NM 88348 no 6 39.5 24.8 1.6
Upper Chosas South Ditch Juan Montoya General Delivery San Patricio NM 88348 no unk
Analla-Barragon Community Ditch Kenneth Nosker General Delivery Glencoe NM 88324 no unk

Luna MIMBRES RIVER DRAINAGE BASIN
Greenwald Community Ditch Regis McSherry P.O. Box 95 Faywood NM 88034 no 3 40.5 22.7 8.5

McKinley LITTLE COLORADO RIVER DRAINAGE BASIN
Zuni River
Ramah Valley Acequia Halver Lewis P.O. Box 105 Ramah NM 87321 yes unk 1,190

Mora CANADIAN RIVER DRAINAGE BASIN
Coyote Creek
Teodora & Eusiloio Romero Ditch Coyote Creek State Park Guadalupita NM 87722 no unk 18
Guadalupita Ditch (Santo Tomas #1 & #2 Ditch) Billy J. Ortega P.O. Box 368 Guadalupita NM 87722 yes unk 288
Santo Tomas #3 Ditch Wilfred Sandoval 410 Chaves St. Las Vegas NM 87701 no unk 100
Antonio Espinosa Ditch Terry Mossman Guadalupita NM 87722 no unk 35
Las Cocas Ditch Richard Trujillo P.O. Box 95 Mora NM 87732 yes unk 210
Santa Rita Ditch Hector Rael P.O. Box 433 Rainsville NM 87736 yes unk 150
Montoya Ditch Rafael Montoya Rainsville NM 87736 no unk 120
Rainsville (North & South) Ditch Greg Laumbach P.O. Box 27 Rainsville NM 87736 yes 34 485



Los Cisneros Ditch Dila Cisneros Guadalupita NM 87722 no unk
Los Medinas Ditch no unk
Encinal Creek
Acequia Canoncito Encinal Richard Medina Cleveland NM 87715 no unk 600
Las Hueras Creek
Upper Ditch Rudy Valdez P.O. Box 54 Ocate NM 87734 no unk 526
Lower Ditch Joe Salazar Box 106 Ocate NM 87734 no unk 84
Los Hueros Creek
Las Acequias del Norte y Sur de Los Hueros Alfredo Fernandez P.O. Box 76 Ocate NM 87734 yes 23
Los Le Febres Creek
Sandoval Ditch no unk 13
Upper/Lower Trujillo Ditch Lolo Trujillo Black Lake Rt Ocate NM 87734 no unk 72
Le Febres Ditch Alfonso Lopez P.O. Box 93 Ocate NM 87734 no unk 321
Lujan Creek
Romero Ditch Phillip C.U. Sanchez Box 1B Mora NM 87732 no unk 20
Lujan Ranch Ditch Steven Sanchez Chacon NM 87732 no unk 40
Luna Creek
Acequia Larga de Las Cruces Pedro Abeyta P.O. Box 427 Chacon NM 87713 yes unk 200
Acequid de Los Lunas Jose Pacheco P.O. Box 102 Chacon NM 87713 yes 9 30
Acequia de Los Colonias Juan Pacheco P.O. Box 179 Chacon NM 87713 no unk 175
Manueles Creek
Upper Ditch no unk 75
Ortiz Ditch Donna Steinbaugh Box 3B Ocate NM 87734 no unk 16
South Ditch no unk 117
Community Ditch no unk 108
Romero Ditch Ben Romero Box 95 Ocate NM 87734 no unk 25
Mares Ditch Luis Mares Box 57 Ocate NM 87734 no unk 16
Mora River
Acequia de Los Borregos Eluid Vigil Chacon NM 87713 no unk 180
Leyba (Ortega) Ditch Steven Sanchez Chacon NM 87713 no unk 20
Acequia del Molino Pedro Abeyta Box 427 Chacon NM 87713 no unk 100
Acequia de Los Ortegas Pat Vigil Chacon NM 87713 no unk 75
Acequia Lovatos y Romero Ernesto Lovato Holman NM 87223 no unk 200
Lovatos y Raton Ditch Ernesto Lovato Holman NM 87723 no unk 250
Acequia del Medio Ernesto Lovato Holman NM 87723 no unk 70
Acequia de Los Romeros Eziquiel Cruz General Delivery Holman NM 87723 no unk 50
Acequia Madre de Holman Frank E. Romero P.O. Box 45 Holman NM 87723 yes 40 600
Arellano y EssaryDitch (Los Martinez Ditch) Orlando Arellano P.O. Box 76 Holman NM 87723 yes 3 27 24 1
Acequia de La Morada Elias Hurtado Holman NM 87723 no unk 25
Los Tramperos (del Medio) Ditch Andres J. Maes P.O. Box 243 Cleveland NM 87715 no unk 400
Trampero (Abajo) Ditch Benito Lujan Holman NM 87723 no unk 220
Cassity Ditch Roy Thompson C/O George Garcia Mora NM 87732 no unk 60
Cassidy Mill Ditch Matt Maestas P.O. Box 129 Holman NM 87723 no unk 5
Acequia de Santiago del Alto de Talco Bobby Ortega P.O. Box 144 Holman NM 87723 yes 14 300
La Acequia del Medio - Cleveland de san Antonio Feleciano Herrera Holman NM 87723 no unk 700
Mora Valley North Side Ditch Manuel Velasquez P.O. Box 194 Mora NM 87732 yes unk 50
Canoncito de La Cueva Ditch Rafael Martinez Box 15 Mora Rt. Sapello NM 87745 yes 15 157
Acequia del Medio South Frank Trambley P.O. Box 157 Mora NM 87732 yes 40 393
Acequia de La Orilla Frank Trambley P.O. Box 157 Mora NM 87732 no unk
Buena Vista Ditch Tommy Sanchez Buena Vista NM 87712 no unk 392
South Golondrinas (del Lado Sur) Ditch Fred Yardman P.O. Box 75 Mora NM 87732 yes unk 230
North Golondrinas Ditch Eloy Montoya Box 11 Buena Vista NM 87712 no unk 350
Sandoval Ditch Patrick Ashe P.O. Box 147 Buena Vista NM 87712 yes unk 70
Larrazola Ditch Wayne Moore Watrous NM 87753 no unk 90
Upper Clyde Ditch Gilbert S. Lopez 500 Valencia St. Las Vegas NM 87701 no unk 100
Phoenix Ditch Robert Moore Watrous NM 87753 no unk 84
Crowley Ditch Carl Starkey C/O Ted Larson Box 15 Watrous NM 87753 no unk 250
Tipton Ditch Ted Larson Box 15 Mora Rt. Watrous NM 87753 no unk 400
Cherry Valley Ditch Ted True C/O Greg Richards Wagon Mound NM 87752 no unk 775
La Cueva Ditch Randy Kaiser Buena Vista NM 87712 no unk 525
Ocate Creek



North Ocate Ditch no unk 38
Lopez Ditch no unk 15
Naranjos Ditch Leo Garcia Ocate NM 87734 no unk 276
Hern Ditch no unk 57
Smith Ditch Greg Richards Wagon Mound NM 87752 no unk 816
Quemado Canyon
La Joya Ditch Jerry Martinez P.O. Box 105 Chacon NM 87713 yes unk 500
Rio Cebolla
La Canada Ditch Jose Maria Pacheco Mora NM 87732 no unk 730
La Aguila Ditch Joseph Pacheco Mora NM 87732 no unk 730
La Bandita - Monte Ditch Dorothy Cherry Box 223 Mora NM 87732 no unk
Aplanado Ditch Jose Maria Pacheco Mora NM 87732 no unk 415
Los Quintanas Ditch Rafael Quintana Mora NM 87732 no unk 115
El Carmen Ditch Arturo Martinez Mora NM 87732 no unk 115
San Jose Abajo Ditch Steve Brock Box 2D Mora Rt. Sapello NM 87745 yes unk 250
Rio De La Casa
Acequia de Los Vallecitos de San Ysidro Richard Fresquez P.O. Box 189 Cleveland NM 87715 yes 15 315 50 1
Encianl Ditch Johnny Bonney Cleveland NM 87715 no u 300
El Alto y Martinez Ditch William Gandert Mora NM 87732 no unk 680
Acequia de Los Martinez Paul Maestas P.O. Box 74 Mora NM 87732 no unk 250
Acequia de Los Luceros Robert Romero P.O. Box 45 Mora NM 87732 no unk 80
Rito De La Presa
El Quenado-Trans Mountain Diversion Dicky Martinez Chacon NM 87713 no unk 500
Rito Griego
El Rito Ditch Dicky Martinez Chacon NM 87714 no unk 400
Rito Murphy
La Canada Seca Ditch Patricio Serna Mora NM 87732 no unk 200
La Isla Ditch Agustin Garcia Ledoux NM 87725 no unk
San Jose Ditch William Putnam Jr. P.O. Box 22 Ledoux NM 87725 yes 25 451 49.8 0.5
Vigil Creek & Rio Pueblo
Acequia de la Sierra de Holman Jake Sanchez General Delivery Holman NM 87723 no unk 973
Wheaton Creek
Weill Ditch no unk 148
Acequia de las Piedras Coloradas Jose Lopez P.O. Box 41 Ocate NM 87734 no unk 488

Otero PECOS RIVER DRAINAGE BASIN
Agua Chiquita
Sanders-Wilkeson-Robertson Ditch Noel Akers Star Route Weed NM 88354 no 3 21 11.1 3.7
Stephens-Gage Ditch Elizabeth Mayhill P.O. Box 137 Mayhill NM 88339 no 3 37 27 2.4
Gage-Nelson Ditch Noel M. Akers Star Route Weed NM 88354 no 5 120 35.9 3.5
Buckner-Prude Ditch Tom Lewis General Delivery Mayhill NM 88339 no 3 49 22.6 7.4
Rio Penasco
Lucas-Barkley Scott, South Ditch Orville Lewis Star Route Mayhill NM 88339 no 4 45 28.4 4.5
Curtis-Barkley Ditch Elmer Curtis Star Route Mayhill NM 88339 no 4 66.4 30.7 8.7
W. G. Browning Ditch Tom Lewis General Delivery Mayhill NM 88339 no 5 50 19.3 3.6
TULAROSA DRAINAGE BASIN
Fresnal Canyon
North Fresnal Ditch Dave Miller 511 10th St. Alamogordo NM 88310 no unk 40
Middle Fresnal Ditch Dave Miller 511 10th St. Alamogordo NM 88310 no unk 100
South Fresnal Ditch Dave Miller 511 10th St. Alamogordo NM 88310 no unk 80
La Luz Creek
La Luz Community Ditch Louie Telles P.O. Box 522 La Luz NM 88337 no unk 54
Laborcita Canyon
Laborcita Community Ditch Jim Wagner P.O. Drawer H Alamogordo NM 88310 no unk 20
Nogal Canyon
Nogal Canyon Ditch Association Edward Telles Star Route Bent NM 88314 no unk 164
Tularosa Creek
Tularosa Community Ditch Charles Vigil P.O. Box 925 Tularosa NM 88352 yes unk 1200
Rosalio Lopez Community Ditch Mark Wimberly Tularosa NM 88352 no unk 60
Upper Bent Community Ditch Jim Hiles Sunshine Ranch Bent NM 88314 no unk 75
Lower Bent Ditch Condelario Mendoza Bent NM 88314 no unk 75

Quay CANADIAN RIVER DRAINAGE BASIN



Canadian River
Arch Hurley Conservancy District Bud Ragland P.O. Box 1167 Tucumcari NM 88401 no unk 38,760

Rio Arriba RIO GRANDE DRAINAGE BASIN
Abiquiu Creek
Acequia del Abiquiu Robert Garcia General Delivery Abiquiu NM 87510 no unk
Brazos River
Acequia De La Ensenada Tony Casados P.O. Box 31 Tierra Amarilla NM 87575 yes unk 982
Acequia Del Porvenir Walter Pina General Delivery Parkview NM 87551 no unk 580
Acequia de Parkview Walter Pina General Delivery Parkview NM 87551 no unk 1,124
Acequia De Tierra Amarilla Filiberto Ulibarri P.O. Box 182 Tierra Amarilla NM 87575 yes unk 700
Acequia De La Puente Manuel Martinez P.O. Box 105 Tierra Amarilla NM 87575 no unk 208
Acequia De Los Brazos Manuel F. Valdez P.O. Box 87 Los Ojos NM 87551 yes unk 128
Acequia De La Plaza Blanca Elpio Mercure General Delivery Rutheron NM 87563 no unk 70
Rutheron Ditch Jack Blanton General Delivery Los Ojos NM 87551 no unk 275
Canjilon Creek
Acequia Del Llano de Canjilon Eraldo Martinez P.O. Box 507 Canjilon NM 87515 yes unk 32
Acequid del Bordo Eraldo Martinez P.O. Box 507 Canjilon NM 87515 no unk
Canoncito Seco
Gallegos Canal North, Main Lateral,  and South no unk 103
Canones and Polvadera
Lower Canones Community Ditch Palomio Salazar General Delivery Canones NM 87516 no 8 106.1 51.8 0.2
Abajo el Penasco no 3 20.2 12.6 0.3
Upper Canones Community Ditch Vidal Velasquez P.O. Box 51 Canones NM 87516 yes 23 57.7 17.6 0.01
Frutoso Lovato Ditch no 3 17.2 11.1 1.5
Acequia del Mogote no 3 7.4 4.5 0.1
Cienegita Ditch no 3 18.6 9.3 2
Polvadera #2 Ditch Elipio Garcia P.O. Box 68 Canones NM 87516 no 3 14.7 10.3 0.8
Polvadera #1 Ditch Elipio Garcia P.O. Box 68 Canones NM 87516 no 11 22.8 5.3 0.1
Lucero, Gallegos & Lopez Ditch no 3 21.7 11.1 4.2
Canones Ditch #1 Luther Martinez Jr. P.O. Box 8 Chimayo NM 87522 yes 9 403.9 108 17.3
Jeb Binkley Ditch Jeb Binkley General Delivery Chama NM 87520 no unk
Canones North and South Ditches Tony Braudis Rancho Rita Chama NM 87520 no unk
Dagget Ditch Art Dagget General Delivery Chama NM 87520 no unk
Canoncito Seco
Adolfo Morfin Ditch Randy Morfin P.O. Box 135 Gallina NM 87017 no unk 126
Coyote Creek
Acequia De Coyote no unk 175
Madrid Ditch no unk 94
Lower Puerco Ditch no unk 128
Joe Archuleta #1 Ditch no unk 35
El Rito Ditch
Acequia Jaral Mike Martin P.O. Box 8 El Rito NM 87530 no 62 266.2 12.9 0.5
Acequia Madre Mike Martin P.O. Box 8 El Rito NM 87530 no 98 665.7 44.9 0.1
Acequid del La Plaza Mike Martin P.O. Box 8 El Rito NM 87530 no 9 81.1 38.2 0.3
Acequia Medio Mike Martin P.O. Box 8 El Rito NM 87530 no 39 215.4 37.9 0.3
Acequia Otra Vanda Mike Martin P.O. Box 8 El Rito NM 87530 no 16 123.5 28.3 0.2
Acequia Estero Mike Martin P.O. Box 8 El Rito NM 87530 no 6 24.3 7.1 2
Acequia Monte Mike Martin P.O. Box 8 El Rito NM 87530 no 27 472.4 160.3 0.4
Acequia Camino Mike Martin P.O. Box 8 El Rito NM 87530 no 47 237.4 46.6 0.2
Acequia Alires Mike Martin P.O. Box 8 El Rito NM 87530 no 7 59.8 17.6 2.8
Acequia Viterbo Alire Mike Martin P.O. Box 8 El Rito NM 87530 no 5 15.3 4.1 1.4
Acequia de Los Duranes Mike Martin P.O. Box 8 El Rito NM 87530 no 6 8203 5207 1.4
Acequia de Romero y Herrera no 6 38.9 11.1 2.8
Acequia Vigil and Lucero no 7 16.2 6.3 0.1
Acequia Vigil and Trujillo no 4 7.8 2.8 0.6
Embudo Creek
Acequia Del Medio Elive Sanchez General Delivery Dixon NM 87527 no unk 105
Acequia Sancochoda Joseph Ciddio Box 107 Dixon NM 87827 no unk 45
Acequia de Los Duranes Carlos A. Martinez P.O. Box 127 Dixon NM 87527 no unk 47
Acequia Leandro Martinez no unk 40
Acequid Del Llano Pete l. Garcia P.O. Box 23 Dixon NM 87527 yes 107 225



Acequia De La Plaza Blanca P. B. Herrera General Delivery Dixon NM 87527 no 56 184 32 1
Acequia La Junta y Cienega H. Frauenglass General Delivery Embudo NM 87531 yes unk 80
Acequid De la Apodaca Gilbert Griego P.O. Box 271 Dixon NM 87527 yes unk
Acequia Del Bosque Carolyn Thomas Box 62 Dixon NM 87527 yes unk
Acequia del Rincon Silviano Romero P.O. Box 5 Embudo NM 87531 no unk
Gallina Creek
Acequia Del Rincon no unk 93
Acequia de Gonzales-Gurule no unk 120
Acequia Del Capulin no unk 200
Acequia De Los Chavez Juan Chavez P.O. Box 38 Gallina NM 87107 no unk 100
Las Nutrias Creek
Acequia De Las Nutrias (Upper) Tony Esquibel General Delivery Tierra Amarilla NM 87575 no unk 225
Acequia De Las Nutrias (Lower) Tony Esquibel General Delivery Tierra Amarilla NM 87575 no unk 150
Natural Spring-Rio Chama
Barranco Community Ditch Alfonso Martinez P.O. Box 4 Abiquiu NM 87510 no 21
Navajo River
Garcia Ditch #1 no 10 6603 3103 0.3
Garcia Ditch #2 no 3 54 26.9 0.8
Salazar Ditch Solomon Martinez P.O. Box 3464 Fairview NM 87533 no 89 478.6 41.3 0.2
Hernandez Ditch Arturo Martinez General Delivery Hernandez NM 87537 no 93 615.1 38 0.1
Acequia de Chamita Joe Fidel Trujillo P.O. Box 930 San Juan Pblo. NM 87566 yes 57 693.4 213.4 1
Chili Ditch Jose E. Archuleta Box 1179 Espanola NM 87532 no 37 285.7 42.2 0.8
Martinez and Duranes Ditch Manuel R. Garcia P.O. Box 233 Espanola NM 87532 yes 5 40.6 10.8 4.6
Acequia del Rio de Chama Max Martinez P.O. Box 717 Medenales NM 87548 yes 35 347.8 36.5 1.1
Manzanares and Montoya Ditch Melquiedes Manzanares P.O. Box 22 Abiquiu NM 87510 yes 5 40.6 10.9 4.7
Martinez Ditch Jose Martinez P.O. Box 14 Medenales NM 87548 no 6 138.7 45.1 3.3
Tierra Azul Ditch Lucas Cordova P.O. Box 1 Hernandez NM 87537 no 12 176 42.6 1.1
Acequia Mariano Ubaldo Giron P.O. Box 136 Abiquiu NM 87510 no 7 72.5 52.5 3.1
Quintana Ditch at La Puente Juan D. Lopez P.O. Box 32 Abiquiu NM 87510 yes 4 30.6 21.8 2.2
Acequia De La Puente Frank T. Trujillo General Delivery Abiquiu NM 87510 no 14 147.1 33.9 0.8
Gonzales Ditch Juan Lopez P.O. Box 32 Abiquiu NM 87510 no 7 206.1 195.3 1.3
Abeyta-Trujillo Ditch Pauline Hallock P.O. Box 102 Abiquiu NM 87510 no 14 178.4 97.5 0.5
Roy Hall Ditch no unk 364
Acequia De Los Silvestres no unk 215
M-B Ditch Wayne McKinley Box 605 Chama NM 87520 no unk
Martinez Ditch Sixto Martinez P.O. Box 742 Medenales NM 87548 no unk
J. P. Gonzales Walter DeCleark General Delivery Abiquiu NM 87510 no unk
Rio De Las Trampas
Acequia Del Ojo Sarco Pedro Martinez P.O. Box 103 Ojo Sarco NM 87550 yes unk 60
Rio De Los Pinos
Acequia Del Llano no unk 140
East Side Ditch no unk 700
San Miguel Acequia Association Marcel Reynolds 1218 Johns Rd. Belen NM 87002 no unk
Rio De Truchas
Acequia de La Posesion Alfredo Padilla P.O. Box 368 Truchas NM 87578 no 24 168 51.3 0.3
Acequia del Llano Henry Romero P.O. Box 416 Truchas NM 87578 no 38 139.7 11.9 0.5
Acequia del Alto del Acequia del Llano Henry Romero P.O. Box 416 Truchas NM 87578 no 21 134 13.3 1.1
Acequia del Llano Quemado Andelio Trujillo P.O. Box 416 Truchas NM 87578 no 47 234 19.3 1
Acequia Madre de Truchas Henry Romero P.O. Box 416 Truchas NM 87578 no 112 380.2 21.2 0.01
Acequia del Jardin no 26 79.6 8.7 0.03
Aceauia del Medio no 32 118.6 12.2 0.06
Acequia del Los Lianitos Gilbert Martinez P.O. Box 398 Truchas NM 87578 no 13 178.9 38.8 2.1
Acequia El Llano de Abeyta Epimenio Martinez P.O. Box 426 Truchas NNN 87578 no 102 691.8 76.8 0.03
Rio Grande
Chicos Ditch Jack Maruska P.O. Box 118 Velarde NM 87582 yes 25 118 11 0.5
El Medio Velarde Ditch Archie Velarde P.O. Box 123 Velarde NM 87582 yes unk 200
La Canova Ditch Manuel Salazar Jr. General Delivery Velarde NM 87582 yes 13 90
Garcia Ditch Anthony T. Garcia P.O. Box 250 Velarde NM 87582 yes 28 158 16 0.5
Acequia Madre del Bosque (Lyden Ditch) Joe Ortega P.O. Box 113 Velarde NM 87582 yes unk 300
Isla Rinconada Ditch Candido L. Salazar P.O. Box 171 Alcalde NM 87511 yes unk 268
Alcalde Community Ditch Michael Sanchez General Delivery Alcalde NM 87511 yes unk 819



El Guique Ditch Pete Casados P.O. Box 852 San Juan Pblo. NM 87566 no unk 726
El Medio Ditch (Ancones) Manuel Serna Box 1102 San Juan Pblo. NM 87566 yes unk 120
Acequia De La Rinconada Alan Vickrey Box 72 Embudo NM 87531 no unk 125
Acequia de Los Vigiles Herculano Herrera P.o. Bopx 1265 Fairview NM 87533 yes unk
Rio Ojo Caliente
Acequia de La Mesa Prieta James H. Block Rt. 1 Box 2 Ojo Caliente NM 87549 no 13 116.7 31.2 2.2
Acequia del Gavillan Celestino Lucero Rt. 1 Box 12 Ojo Caliente NM 87549 yes 41 270.4 35.5 0.3
Acequia de Los Duranes Vianes Trujillo P.O. Box 546 Ojo Caliente MNM87549 yes 18 151.4 76.5 0.6
(Ojo Caliente Ditch) Acequia los Gallegos Steven Kaeppler P.O. Box 542 Ojo Caliente NM 87549 no 30 205.3 69.2 0.1
Sanchez-Lucero-Trujillo Ditch Daniel J. Chavez P.O. Box 521 Ojo Caliente NM 87549 no 5 48.9 13.76 0.4
Gallegos-Jaramillo Ditch Pete Trujillo Star Rt. 3 La Madera NM 87539 yes unk
Rio Puerco
Acequia De Arroyo De Agua no unk 96
Rio Puerco Community Ditch Edwardo Velasquez General Delivery Youngsville NM 87064 no 7 70
Rio Quemado
Acequia de La Joyita Elias Lopez General Delivery Cordova NM 87523 no unk 11
Acequia Atras de La Plaza Elias Lopez General Delivery Cordova NM 87523 no unk 24
Acequia de La Otra Vanda Herman Cordova General Delivery Cordova NM 87523 no unk 56
Acequia del Medio no unk 55
Acequia de Arriba de Canones no 25 66 15 0.2
Rio Tusas
(La Zorra SouthDitch) Acequia de Tio Borrego Juan F. Giron P.O. Box 601 La Madera NM 87539 no 3 21.1 9.1 1.6
La Zorra North Ditch Melvin Ortiz P.O. Box 685 La Madera NM 87539 no 4 27.4 18.3 0.1
Acequia del Molino Diego Jaramillo General Delivery Petaca NM 87554 no 3 9.8 4.4 2.1
(Acequia de Los Varnales) Acequia de los Barriales Diego Jaramillo General Delivery Petaca NM 87554 yes 7 48.7 13.5 1.2
Acequia de las Canovas Michael Pena P.O. Box 718 La Madera NM 87539 yes 6 44.3 16.5 1.2
Acequia de la Plaza Michael Pena P.O. Box 718 La Madera NM 87539 yes 7 81.2 33.1 1.9
Molino Ditch Ernesto Valdez P.O. Box 635 La Madera NM 87539 no 3 15 6.6 1.8
Acequia De Los Chavez Ernesto Valdez P.O. Box 635 La Madera NM 87539 no 8 63.8 19.3 0.1
Acequia El Dorado Santiago Roybal General Delivery Petaca NM 87554 no 4 5.1 2.4 0.1
Felix Martinez Ditch Santiago Roybal General Delivery Petaca NM 87554 no 5 23.2 14.8 0.8
Acequia Jarita Ditch Association Ernesto Valdez P.O. Box 635 La Madera NM 87539 yes 27 111.2 12.8 0.2
Las Tablas West Ditch A. J. Gomez General Delivery La Tablas NM 87541 no 8 24.3 8 0.4
(Las Tablas East Ditch) Acequia Del Norte A. J. Gomez General Delivery La Tablas NM 87541 yes 7 37.2 13.7 2.8
Valdez-Martinez Ditch Arturo Romero P.O. Box 141 Velarde NM 87582 no 3 16.4 12.7 0.7
G. R. Sewell Ditch Tony Griego General Delivery La Madera NM 87539 no 4 145.1 82.8 8.5
Ditch West Arturo Romero P.O. Box 141 Velarde NM 87582 no 4 54.3 17.8 6.1
West Tusas Ditch Arturo Romero P.O. Box 141 Velarde NM 87582 no 6 116.9 36.4 7.8
Acequia del Canoncito Diego Jaramillo General Delivery Petaca NM 87554 no unk
Rio Vallecitos
La Cueva Ditch David Yates P.O. Box 667 La Madera NM 87539 no 9 44.9 10.6 1.1
Acequia De La Madera William Hite P.O. Box 637 La Madera NM 87539 no 12 42.5 6.8 0.2
Acequia de La Ladera) El Molino Ditch Association Edward E. Thompson P.O. Box 696 La Madera NM 87539 no 4 17 13.9 0.7
(Acequia del Llanito) La Acequia de Comunidad de El Llanito Lionel Chacon P.O. Box 656 La Madera NM 87539 no 10 47 10.9 1.6
Acequia de La Otra Vanda Annabelle Suazo Rt. 3 Box 11A Espanola NM 87532 no 5 14.4 9.6 0.6
Acequia de Los Ancones Annabelle Suazo Rt. 3 Box 11A Espanola NM 87532 yes 9 39.6 9.7 1.5
Antonio A. Gallegos Ditch Jose E. Gallegos General Delivery Vallecitos NM 87581 no 5 11.2 5.8 0.2
Olgin Ditch Jose E. Gallegos General Delivery Vallecitos NM 87581 no 4 28.5 16 1.2
Cristobal G. Chavez Ditch Benigno Chavez General Delivery Vallecitos NM 87581 no 3 21 11.4 3
Lucas Gallegos Ditch Crestino Gallegos General Delivery Vallecitos NM 87581 no 4 29.3 12.7 0.6
Vallecitos East Ditch Rudy Jaramillo General Delivery Vallecitos NM 87581 no 30 195.2 17.6 0.3
Vallecitos West Ditch Rudy Jaramillo General Delivery Vallecitos NM 87581 no 50 170.8 20 0.1
Marcos F. Trujillo Ditch no 3 14.2 10.6 1.7
La Cienega East Ditch Juan F. Giron P.O. Box 601 La Madera NM 87539 no 5 16.1 7.2 1.2
Chacon and Association Ditch Horacio Martinez Canon Rt., Box 15 Vallecitos NM 87581 no 20 122.7 15.7 1
Barela and Griego Ditch Juan G. Aldez General Delivery Vallecitos NM 87581 no 4 13.4 6.5 1.8
Rito De Los Corralitos
Mortin North Ditch & Mortin South Ditch no unk 49
Rito De Los Silas
Rito De Las Silas Ditch Manuel Barela General Delivery Coyote NM 87012 no unk 24
J. I. Serrano #1 & #2 Ditch no unk 27



Rito De Tierra Amarilla
Tierra Amarilla Ditch Filiberto Ulibarri P.O. Box 82 Tierra Amarilla NM 87575 no unk
Rito Encino
Encino Ditch (Youngsville Community) Chris Serrano General Delivery Youngsville NM 87064 no unk 143
Rito Resumidero
Acequia Mesa Del Medio #1 Leo Salazar General Delivery Coyote NM 87012 no unk 430
Acequia De La Mesa De Poleo Vivian L. Salazar General Delivery Coyote NM 87012 no unk 163
Acequia Del Mesa De Pino Vital no unk 205
Salitral Creek
Garcia-Chacon Ditch no unk 33
Santa Cruz River
Santa Cruz Irrigation District (SCID) Joseph Lujan P.O. Box 1168 Santa Cruz NM 87567 no unk 1100 0.01
La Mesilla Ditch (SCID) Abel Maez Rt. 1 Box 372 Espanola NM 87532 no 96 518 33.7 0.1
Ortega Ditch (SCID) Bill Caperton P.O. Box 185 Espanola NM 87532 no 95 229.4 27.8 0.05
Lomita Ditch (SCID) Alcadio Martinez P.O. Box 3123 Fairview NM 87533 no 99 18303 16.4 0.07
Santa Cruz Ditch Joseph Merhege Box 3550 Espanola NM 87532 no 345 53509 30 0.02
El Llano Ditch (SCID) Truman Bringham Box 3744 Fairview NM 87533 no 168 501.1 19.1 0.09
Garcia Ditch (includes Los Chamisos Ditch) (SCID) Sixto Maestas Rt. 3 Box 404 Espanola NM 87532 yes 125 242.9 15.6 0.03
Acequia de Los Ranchos (SCID) Beraldo Montoya P.O. Box 517 Chimayo NM 87522 yes unk
Acequid de Montano Vista (SCID) Guthrie Miller 971 Nambe Loop Los Alamos NM 87544 no 12 50.7 13.5 2.4
Willow Creek
Unser Ditch Richard Boyd General Delivery Chama NM 87520 no unk

San Juan SAN JUAN RIVER DRAINAGE BASIN
Animas River
Lower Animas Buster Jacquez P.O. Box 362 Aztec NM 87410 yes 50 1476 14909 0.7
Graves Atteberry Ditch Willard Hottell P.O. Box 144 Aztec NM 87410 yes 26 698 119.3 5.7
Eledge (Mill) Ditch Tom Gabehart P.O. Box 274 Flora Vista NM 87415 yes 34 1031 123.6 0.5
Farmington Echo Ditch Tom Bolack 3901 Bloomfield Hwy. Farmington NM 87401 no 73 2234 212 0.2
Willett Ditch City of Farmington P.O. Box 800 Farmington NM 87401 no 4 49 19.6 5.8
Wright-Leggett Ditch Alvin E. Kemper 101 E. Pinon St. Farmington NM 87401 no 25 808 103.1 0.4
Kello Blancett Ditch Richard Blancett 278 Road 3000 Aztec NM 87410 no 11 526 139 7.6
Ranchman's (Terrell) Ditch Clay Alexander Rt. 2 Box 246X Aztec NM 87410 yes 8 345 53.2 8
Aztec Kitch Lester Downey 4974 Hwy. 550 Aztec NM 87410 no 84 1383 78.3 0.2
Cedar Hill Ditch (Cedar Ditch) Bill Metz Rt. 1 Box C20 Aztec NM 87410 no 42 340 5304 0.9
Ralston (East Side) Ditch Ray Kysar Box Y Aztec NM 87410 yes 6 364 117.2 9.5
Stacey Ditch Clifford Awtrey 853 CT. Rd. 2900 Aztec NM 87410 no 14 483 104.9 9.1
Twin Rocks Ditch Harold Hanhardt Box 74 Aztec NM 87410 yes 14 345 63.8 4.7
Independent Wayne Wallins 2406 Hutton Acres Farmington NM 87401 no 93 2678 349.9 1.2
Farmer's Ditch Tony Newberry Box 261 Aztec NM 87410 no 58 1306 81.5 0.5
North Farmington Ditch Bob Baysinger 2112 W. Apache Farmington NM 86401 no 43 1187 566.1 0.5
Farmers's Mutal Ditch Jim Dunlap 740 NM 170  Farmington NM 87401 no 145 4181 232 0.3
Halford Ditch Jenel Franks 5555 Franks Ln. Farmington NM 87401 no unk
La Plata River
Pioneer Ditch Paul Haas NM Hwy. 170 La Plata NM 87418 no 10 141.5 68.1 0.8
Hillside-Thomas Ditch Jewel S. McGee 634 W. Apache Farmington NM 87401 no 20 800.7 112.2 1.6
Greenhorn Ditch Roger Allyn 1515 E. 20th Farmington NM 87501 no 18 480.6 69.2 0.3
La Plata Indian Ditch (Indian Ditch) Don Nickles 1412 NM Hwy. 170 La Plata NM 87418 no 6 538.8 178.7 1.3
Highland Ditch Elbert Hamblin P.O. Box 35 La Plata NM 87418 no 12 953.9 146.5 1.3
Cunningham Ditch Don Nickles 1412 NM Hwy. 170 La Plata NM 87418 no 41 786.6 134.9 0.01
McDermott Ditch Stephen McCarty P.O. Box 277 La Plata NM 87418 no 9 575.1 122.4 10.7
Helton Ditch Gerald Nickles P.O. Box 40 La Plata NM 87418 no 7 288.8 179.9 3
Jackson Canal (Jackson Ditch) Jim Bentley 746 NM Hwy 170 La Plata NM 87418 no 50 176.7 50.3 0.2
La Plata Conservancy District F. F. Montoya P.O. Box 100 La Plata NM 87418 no unk
San Juan River
Citizens-La Pumpa Ditch (Pump Canyon Ditch) Gerald Ulibarri Star Rt. A Blanco NM 87414 no 30 378.6 50 0.8
Citizen-Jaquez Ditch (The Jaquez Ditch) Milton Archuleta Star Rt. Box 830 Blanco NM 87414 no 34 452.4 56.5 0.7
Turley (Manzanares) Ditch Dennis Strand 202 Hwy. 511 Blanco NM 87414 no 13 270 45 0.8
Jewett Valley Ditch Lawrence Stock P.O. Box 43 Waterflow NM 87421 no 27 1268 138.5 0.9
Bloomfield Irrigation District Raymond Gurule 632 Ct. Rd. 3155 Bloomfield NM 87413 no unk
Hammond Conservancy District Nicholas Ashcroft 229 Ct. Rd. 4990 Bloomfield NNN 87413 no unk 3933.3

San Miguel CANADIAN RIVER DRAINAGE BASIN



Canadian River
El Ancon Ditch Sacramento Baca General Delivery Roy NM 87743 no unk 90
Sabinoso Ditch Chris E. Gutierrez Sabinoso Rt. Box 4 Solano NM 87746 no unk 60
Maestas Creek
Jose Dolores Maestas Ditch no unk 20
Acequia de Los Martinez Richard Rudolph 918 Lincoln St. Las Vegas NM 87701 no unk 400
Manuelitas Creek
Canoncito de la Manuelita Ditch Joe Herrera 1 Luna Drive Las Vegas NM 87701 no unk 165
El Alcantar Ditch Lloyd Herrera 9325 Dona Margarita NE Albuquerque NM 87122 yes 16 152
Los Martinez Ditch no unk 100
La Tegua Ditch no unk 200
Acequia de en Medio de Manuelitas no unk 150
Herrera Ditch George E. Holmes Rt. 2 Sapello NM 87745 no unk
Rito Colorado
Rito Colorado Ditch no unk 10
Rito De Gascon
Acequia del Sombrillo Alfonso Ramirez Rt. 1 Box 6 Rociada NM 87742 no unk 250
Rociada Creek
Rociada Paniente Ditch no unk 500
Ramirez Ditch Alfonso Ramirez Rt. 1 Box 6 Rociada NM 87742 no unk 30
Rociada Oriente Ditch no unk 300
Sapello Creek
Rackley Ditch Warren Mueller 527 Grand Ave. Las Vegas NM 87701 no unk 3
San Ignacio Ditch John Mascarenas General Delivery Sapello NM 87745 no unk 100
Acequia de Las Tusas Leo Montoya 612 Friedman Ave. Las Vegas NM 87701 no unk 400
Acequia de Las Chimayosas no unk 350
Davis y  Pena Ditch Rose Pena 503 National St. Las Vegas NM 87701 yes 4 200
Sapello River
Acequia del Llano Virgil Wheller Joe Murray General Delivery Sapello NM 87745 no unk 300
La Molina Ditch no unk 150
Spring Sapello Creek
Acequia Del Ojo no unk 15
PECOS RIVER DRAINAGE BASIN
Cow Creek
East Justo Gonzales Ditch Miguel Armijo 839 Alto Santa Fe NM 87501 no 5 14 5.5 0.9
West Los Gonzales Ditch Mike Gomez General Delivery Ilfeld NM 87538 no 3 5.6 3.1 0.2
Gallinas River
Placita Arriba Ditch Eloy Duran Las Vegas NM 87701 no 12 85.8 10.1 0.2
Upper Maestas Ditch Robert Armijo 206 Plaza Las Vegas NM 87701 no 3 21.2 8.9 3.7
Los Vigil Ditch no 58 351.4 0.1
Vigil Ditch no 4 30.2 10.9 3.1
Los Romeros Ditch Sam Martinez 1524 8th St. Las Vegas NM 87701 no 29 359.1 40.6 1.8
Nuestra Senora de Los Dolores de Las Vegas Ditch Nerio Gonzales Hot Springs Blvd. Las Vegas NM 87701 no 38 147.8 36.8 0.2
Acequia Madre de Las Vegas Gabe Estrada 2104 Collina St. Las Vegas NM 87701 no 30 356.9 51 0.8
Round House Ditch Mike Estrada Las Vegas NM 87701 no 3 186 100 32.9
San Augustine Ditch Tony Roybal 202 Patio Plaza Las Vegas NM 87701 no 28 76.1 6.8 0.2
La Liendre Community Ditch no 17 87.8 32.3 0.4
Pecos River
Ribera Ditch Locario Hurtado P.O. Box 291 Ribera NM 87560 no 3 42 14 14
Simmons Ditch no 6 37.2 13.7 2.1
West Urban Ditch no 5 12 4.9 0.2
Rincon Ditch Pecos John Ortiz General Delivery Pecos NM 87552 no 5 27 10 3
East Ditch Pecos Liberato Vigil P.O. Box 94 Pecos NM 87552 yes 43 180.9 25.7 0.7
West Ditch Pecos George Adelo General Delivery Pecos NM 87552 no 28 224.6 66.4 0.8
El Molino (Mill) Ditch Ralph Vigil P.O. Box 163 Pecos NM 87552 no 5 9.5 3.4 0.6
San Juan Community Ditch no 24 41.7 7.2 0.4
El Llano de La Presa Ditch Jose B. Vigil P.O. Box 34 San Jose NM 87565 yes 57 95.4 11.3 0.1
Acequia de la Agua Caliente Brigido Montano General Delivery San Jose NM 87565 yes 71 127.3 15.3 0.1
Acequia Ancon de Sarasino Ditch Nicasio Romero P.O. Box 324 Ribera NM 87560 yes 34 139 15.5 0.8
San Miguel Commuinity Ditch (Ribera Ditch) Locario Hurtado P.O. Box 291 Ribera NM 87560 yes 81 258.4 26.3 0.1
Ranchito Ditch near Ribera Jose Quintana General Delivery Ribera NM 87560 no 9 16.6 11.9 0.3



Los Trigos Ditch below Ribera Maguin Urioste General Delivery Ribera NM 87560 yes 95 171.3 8.2 0.1
El Pueblo Community Ditch below Ribera (El Pueblo Ditch) Arturo Rivera General Delivery El Pueblo NM no 74 123.7 11 0.1
Gorambuyo Ditch no 24 42.9 7.6 0.2
La Fragua Ditch Pablo Aguilar General Delivery Sena NM 87568 yes 58 164 10 0.1
Gonzales Ditch at Sena (Lovato Ditch) Benito Baca General Delivery Villanueva NM 87783 no 75 98.7 4.7 0.1
South Ditch at Villanueva Chris Vigil General Delivery Villanueva NM 87583 yes 98 302.8 12.6 0.3
Northside Ditch at Villanueva Juan Gallegos General Delivery Villanueva NM 87583 yes 72 205.2 13.8 0.2
El Cerrito Community Ditch yes 44 113.9 50 0.2
Tecolotito Community Ditch Lynn Livesay Box 48 Anton Chico NM 87711 yes 107 266.3 21 0.1
Tecolotito Creek
Lopez Ditch no 7 84.5 25.1 4
La Cueva Ditch no 4 29.8 15.7 1.7
San Geronimo Ditch no 22 109.7 38.1 0.1
Tecolote Ditch above Tecolote Luis Martinez General Delivery Tecolote NM no 5 26.9 19.2 0.3
Tres Hermanos Creek
Los Chupaderos Ditch Andres Aragon 1022 6th St. Las Vegas NM 87701 no unk 43

Sandoval RIO GRANDE DRAINAGE BASIN
Jemez River
Upper West Ditch Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 no 8 53.4 39.4 0.9
East Lateral Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 no 4 10.6 5.4 1
Jemez Springs Ditch Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 yes 37 43.9 6.2 0.1
West Side Ditch John Merhege P.O. Box 653 Jemez Springs NM 87025 no 19 9.12 1.5 0.05
West Ditch Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 no 4 9.8 8.1 0.2
South Upper Ditch Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 no 9.8 8.1 0.2
San Ysidro Ditch Bernabe Trujillo Jr. P.O. Box 127 San Ysidro NM 87053 yes 54 484.5 99.9 0.06
East and West Sandoval Ditch Gilbert M. Sandoval P.O. Box 61 Jemez Springs NM 87025 no unk 30.5
La Jara Creek
La Jara Ditch Ray Lovato Box 14 La Jara NM 87027 no 63 1400 150 10
Las Huertas Creek
Placitas Community Ditch Willie Escarsida Box 514 Placitas NM 87043 no unk 150
Nacimiento Creek Leo Sandoval no unk 92
Nacimiento Community Ditch Association Larry Gurule P.O. Box 118 Cuba NM 87013 no 101 713.5 34 0.04
Paliza Creek (Vallecitos CK.)
Ponderosa Community Ditch James Trujillo P.O. Box 190 Ponderosa NM 87044 no 101 319.1 34.1 0.04
Rio Grande
Middle Rio Grande Conservancy District Raul Cordova 1930 Second St. SW Albuquerque NM 87105 no unk 3530 0.01
Rio Guadalupe
Canon Community Ditch Mariano Lucero Canyon Rt. Box 10A Jemez Pueblo NM 87024 no 48 192.5 26 0.4
Rio Puerco
Vallecitos Ditch Joe Chavez Cuba NM 87013 no 9 117 24 5
Rio Puerco Ditch no unk 100
Ortiz Ditch no unk 7
Garcia Lucero Ditch Oliver Gurule Cuba NM 87013 no unk 400
Rio De Los Utes
Acequia De Los Utes Abenecio Casaus Box 685 Cuba NM 87013 no unk 40
Rito Los Pinos
Los Pinos Ditch Alice Wolf Cuba NM 87013 no 12 397 75 8
San Antonio Creek
La Cueva Ditch Tom Abousleman P.O. Box 127 Jemez Springs NM 87025 no 8 53.4 39.4 0.9

Santa Fe RIO GRANDE DRAINAGE BASIN
Cienega Creek
La Capilla Ditch no 7 16.2 10.9 0.2
Acequia de La Cienega Manuel Montoya Rt. 2 Box 409 Santa Fe NM 87501 no 38 6.8 11.5 0.1
Cuicu Creek
El Guicu Ditch Charlie C De Baca Rt. 2 Box 248 Santa Fe NM 87501 yes 21 71.5 10.9 0.2
Nambe River
Garduno Ditch Lalo Garduno Nambe NM no 17 19 4 0.2
Old Bernardino Ditch no 3 1.7 1.4 0.1
Ortiz Ditch Eddie Ortiz Rt. 1 Box 169 Santa Fe NM 87501 no 53 139.8 21.8 0.1
Community Ditch (Acequia de la Communidad) Jose David Ortiz Rt. 1 Box 95D Santa Fe NM 87501 yes 48 230.5 64.6 0.2
Acequia del Llano Jan Unna Rt. 1 Box 132 Santa Fe NM 87501 no 26 155.4 78.1 0.1



Acequia la Nueva J. David Ortiz Rt. 1 Box 95D Santa Fe NM 87501 no 24 227.1 61.8 0.1
Acequia del Alamo no 5 24.52 9.04 1.95
Acequia del Medio no 7 12.35 3.3 0.13
Acequia Barranco Alto Vincente Montoya Rt. 5 Box 218B Santa Fe NM 87501 no 25 88.3 16.7 0.3
Ancon Ditch George yates Rt. 1 Box 189C Santa Fe NM 87501 no 4 16.7 9.7 2.3
Acequia de Las Joyas Edward Romero Rt. 1 Box 198 Santa Fe NM 87501 yes 44 156.3 16.5 0.1
Rincon Ditch Juan G. Romero Rt. 11 Box 72 Santa Fe NM 87501 yes 37 70.3 21.8 0.2
Cano Ditch Al McNown Rt. 1 Box 206 Santa Fe NM 87501 yes 39 179.7 42 0.2
Jose G. Ortiz Ditch no 14 17 3.2 0.04
Juan Sena Ditch no 3 5.5 4.3 0.5
Acequia de Llano Frio Lorgino Vigil Rt. 1 Box 96 Santa Fe NM 87501 no unk 300
Acequia de los Trujillos Flavio Gurule Rt. 11 Box 210V Santa Fe NM 87501 yes 22 69.6 11.9 0.2
Pojoaque River
Acequia de Los Indios Flavio Valencia Rt. 5 Box 296A Santa Fe NM 87501 no 43 119.5 36.1 0.1
El Rancho Ditch Serafin Roybal Rt. 5 Box 266A Santa Fe NM 87501 no 32 65.4 8.7 0.5
Acequia Otra Vanda Marcial Lujan Rt. 1 Box 400 Espanola NM 87532 no 52 154.2 9 0.2
Acequia Barranco de Jacona J. R. Roybal Rt. 5 Box 328C Santa Fe NM 87501 no 44 69.9 9.3 0.1
Acequia Ancon de Jacona Helenty Homans Rt. 5 Box 231C Santa Fe NM 87501 no 8 26.2 8.7 0.5
Acequia Larga de Jacona John E. Obrian Rt. 5 Box 223H Santa Fe NM 87501 yes 54 106.7 10.3 0.2
Aceauia Del Rio Michael Smith Rt. 5 Box 287 Santa Fe NM 87501 no 8 7.36 3.27 0.15
Rio Chupadero
Aceauias de los de Chupadero Jose Jimenez P.O. Box 211 Tesuque NM 87574 yes 19 45.6 20.6 0.2
Rio en Medio
Acequid De Los Barriales Carlos Vigil Box 10A Chimayo NM 87522 yes 6 18.1 6 1.2
Acequia del Molino Sabino Vigil General Delivery Cundiyo NM 87522 no unk
Rio Frijoles
Acequia de la Placita Adelina Vigil P.O. Box 203 Santa Fe NM 87501 yes unk
La Cienega Ditch Sabino Vigil General Delivery Cundiyo NM 87522 no unk
Rio Medio
Acequia del Alto Mike Rodriguez P.O. Box 509 Tesuque NM 87574 no 9 10.6 2.5 0.04
Acequia del Molino Mike Rodriguez P.O. Box 509 Tesuque NM 87574 no unk
Acequia del Medio Mike Rodriguez P.O. Box 509 Tesuque NM 87574 no unk
Rio Quemado
Acequia De Los Ortegas David Ortega P.O. Box 325 Chimayo NM 87522 no unk
Santa Cruz River
Santa Cruz Irrigation District (SCID) Joseph Lujan P.O. Box 1168 Santa Cruz NM 87567 no unk 3300
Herrera Ditch (SCID) Willie Atencio P.O. Box 235 Espanola NM 87532 yes 130 174.2 14.3 0.06
Sombrillo Ditch (SCID) Dan Quintana Rt. 1 Box 131 Espanola NM 87532 yes 134 171 18.4 0.1
Fresquez Ditch (SCID) Sam Esquibel Rt. 1 Box 7 1/2 Santa Cruz NM 87567 no 40 104 8.9 0.1
Los Maestas Ditch (SCID) Casimiro Montoya Rt. 3 Box 177 Espanola NM 87532 no 21 56.7 10.8 0.3
Martinez Abajo Ditch (SCID) Cicilio Martinez Rt. 1 Box 17A Santa Cruz NM 87567 no 10 38.4 5.2 0.4
La Puebla Ditch (SCID) David Castaneda Unit 1 Box 1 La Puebla Rd. Espanola NM 87532 yes 123 364.1 20.8 0.2
Acequia De Los Mansanitas (SCID) Modesto Vigil Box 1B Chimayo NM 87522 no 4 9.2 3.5 1.6
Espinosa Ditch (SCID) Genaro Martinez P.O. Box 244 Chimayo NM 87522 yes 167 216.8 9 0.09
Reservoir Ditch (SCID) Roberto Vigil General Delivery Chimayo NM 87522 no 50 78.8 4.8 0.1
Acequia de los Cuarteles Tony Quintana Rt. 1 Box 8 Santa Cruz NM 87567 yes unk
Martinez Arriba Ditch Modesto Vigil Box 1B Chimayo NM 87522 no 68 133
Acequia de los Ranchos Eziquiel Sandoval Chimayo NM 87522 no unk 85
Santa Fe River
Acequia de Deposito Tony L. Martinez General Delivery Chimayo NM 87522 no unk
La Bajada Community Ditch Victor Gallegos 527 Kathryn Ave. Santa Fe NM 87501 no 14 49.7 23.2 0.5
Acequia Cerro Gordo Booker Kelly P.O. Box 787 Santa Fe NM 87504 no 8 1.37 0.37 0.04
Acequia Del Llano no 18 13.2 2.7 0.03
Acequia De Muralla Gilbert Abeyta 1514 Luisa Santa Fe NM 87501 no 15 5.6 0.8 0.07
Acequia Madre Charles Hagerman 105 E. Marcy Santa Fe NM 87501 no 17 33.1 22.2 0.02
Los Tanques Ditch J. J. Gonzales Rt. 2 Box 255 Santa Fe NM 87501 no unk 24.6
Acequia Molino Al Montano Rt. 2 Box 224 Santa Fe NM 87501 no unk
Tesuque River
Acequia Barranco Blanco Jose R. Roybal Rt. 11 Box 328C Santa Fe NM 87501 yes 20 63.2 9.3 0.1
Acequia de Los Romeros Toby Romero Rt. 5 Box 344A Santa Fe NM 87501 no 12 22.8 7.2 0.3
Acequia del Rio de Chama no 15 26.8 5.3 0.2



Acequia de Los Ojitos Samuel A. Ortiz Rt. 1 Box 346EE Santa Fe NM 87501 yes 12 21.7 4.6 0.2
Acequia de Los Ortizes Redolfino Gonzales P.O. Box 52 Tesuque NM 87574 yes 17 34.6 4.7 0.1
Acequia del Medio Bill Huey P.O. Box 565 Santa Fe NM 87504 no 18 27.6 4.5 0.1
Acequid Madre de Tesuque Bill Huey P.O. Box 565 Santa Fe NM 87504 no 47 33.9 4.8 0.02
Acequia Chiquita Peggy Silva Rt. 4 Box 23A Santa Fe NM 87501 no 22 4.1 0.9 0.01
Cy More Ditch Greg Watts Rt. 4 Box 13 Santa Fe NM 87501 yes 14 7.8 2.8 0.6
Acequia del Cajon Grande no 8 11.4 2.8 0.1
Acequia del La Placita no unk 28
Mitchell Ditch Tony Quintana Rt. 4 Box 135 Espanola NM 87532 no unk 18

Sierra RIO GRANDE DRAINAGE BASIN
Alamosa Creek
Monticello Community Ditch Randy Coil Box 10 Monticello NM 87939 yes 26 649
Cuchillo Negro Creek
Cuchillo Community Ditch April Romero Chuchillo NM 88004 yes 10 300
Las Animas Creek
Lower Las Animas Ditch Clyde Coff Box 5 Caballo NM 87931 no 10 123.2 12.3 1.6
Palomas Creek
Las Palomas Community Ditch Richard Bischoff Star Rt. Box 81 Williamsburg NM 87932 yes 20 312 48 3
Rio Grande
Elephant Butte Irrigation District (EBID) William J. Saad P.O. Drawer A Las Cruces NM 88004 no unk 3370
Vega Lateral - Garay Community Ditch (EBID) Saul M Garayi P.O. Box 81 Garfield NM 87936 yes 6 76.4 18 7.8
Otero Community Ditch (EBID) Felix Otero 303 Derry NM 87933 yes 4 16 6.7 0.3
Gonzales Group Ditch (EBID) Henry Duran P.O. Box 291 Derry NM 87933 yes 5 29 9.6 4.8
Trujillo Community Ditch Group (EBID) Gress BenComo Box 13 Arrey NM 87930 yes 4 34 12 6
Vega-Gonzales-Luchini Ditch Leo Vega P.O. Box 725 Derry NM 87933 no 3 101.9
San Miguel Community Ditch (EBID) Bill Hopkins Box 1 Caballo NM 87931 yes unk 150
East Parcha Ditch (EBID) Henry J. Lara Box 314 Arrey NM 87930 no 8 254

Socorro RIO GRANDE DRAINAGE BASIN
Rio Grande
Middle Rio Grande Conservancy District Raul Cordova Joe Griego 1930 Second St. SW Albuquerque NM 87103 no unk 14,760
La Joya Community Ditch Eliosin Romero General Delivery La Joya NM 87028 yes unk

Taos RIO GRANDE DRAINAGE BASIN
Acequia Madre De Penasco/ DRAIN
Acequia Del Medio no unk 200
Agua Caliente Canyon
Pilar Community Ditch Mark Robinson P.O. Box 1707 Taos NM 87571 yes 28 62.3
Acequia De Los Ojos De La Agua Caliente no unk 46
Arroyo Del Alamo
Byron Whitt Ditch no unk 75
Arroyo Grande
Aquitas Callentas no unk 54
Arroyo Seco
Temporales Ditch no 15 89.7 17.6 0.6
Torreon Ditch no 19 195.6 36 0.7
Alamitos Ditch Ruben Graham Box 1494 Taos NM 87571 no 30 185.6 28.1 0.2
Espinosa Ditch (SCID) no 29 137.3 12 0.1
El Rito Ditch no 11 7.4 1.5 0.2
Acequia De La Plaza no 36 44.1 5.4 0.1
Lower Arroyo Seco Ditch no 7 8.5 2.6 0.2
Manuel Andres Trujillo Ditch Gordon Bastian El Prado NM NM 87529 no 66 610.6 108.1 0.3
Juan Manuel Lucero Community Ditch no 10 224.3 93 1.5
Jose Manuel Lucero Community Ditch no 11 223.6 88.9 2.3
Cabresto Creek
Cabresto Lake Irrigation Association Gene Garcia P.O. Box 143 Questa NM 87556 yes 302 1030 64.5 0.1
Llano Irrigation Community Ditch Moises Sanchez North Star Rt. 603 Questa NM 87556 yes 70 1223 196.9 0.1
Hondo Canyon
Short Ditch no unk 30
Lopez Spring
Lopez Spring Ditch no unk 10
Miranda Canon
Canoncito Ditch no 52



Red River
Citizens Ditch at Questa Manuel Ortega P.O. Box 99 Questa NM 87556 yes 174 593.5 23.6 0.1
El Rito De La Loma no 15 244.2 29.8 0.3
Rio Chiquito
Acequia Madre Del Rio Chiquito Willie Romero Box 6 Talpa Rt. Ranchos de Taos NM 87557 no unk 265
Rio Costilla
Aceauia Madre De Rio Costilla Valdemar De Herrera P.O. Box 61 Costilla NM 87524 yes 30 451.5 120 0.1
Cerritos Ditch #1 Billy Vigil Box 26 Costilla NM 87524 yes 10 184 44 5
Cerritos Ditch #2 Billy Vigil Box 26 Costilla NM 87524 yes 4 238.5 133.5 21
Rio Costilla Association Ditch Zacarias Torres P.O. Box 111 Costilla NM 87524 yes unk
J. J. Santistevan Ditch Alfonso Gonzales Amalia NM 87512 yes 29 219.6 18.6 1.2
Barela and Griego Ditch no 4 17 9.9 1.9
Acequia Del Lado Norte no 9 66.2 20.7 2.1
Ballejos-Martinez Celestino Sanchez P.O. Box 38 Amalia NM 87512 yes 4 51.2 32.2 2.8
Ballejos-Martinez #4 no 5 53.4 15.3 5
Penasquito Ditch Association Maramio Pacheco Costilla NM 87524 yes 16 304 60 3
Acequia J. D. Lovato Ben Gonzales P.O. Box 27 Amalia NM 87512 yes unk
Acequia Plaza de Arriba Demetrio Lovato P.O. Box 66 Costilla NM 87524 yes unk
Rio Fernande De Taos
Acequia Del Sur Del Canon Emilio Gonzales P.O. Box 292 Taos NM 87571 no 112 384.7 49.7 0.01
Vigil & Romo Ditch no 6 45.2 20 1.5
Jose Venito Martinez Ditch Filadelfio Miera P.O. Box 2 Taos NM 87571 yes 10 79.2 16.8 1
Anderson Ditch no 5 9.8 7.2 0.3
Aceauia Del Norte Del Canon Joe Lucero P.O. Box 236 Taos NM 87571 no 52 137 12.6 0.01
Rio Grande
Acequia De la Isla Alfonso Vigil 2125 Wilma Rd. NW Albuquerque NM 87104 no unk 36
Rio Grande Del Rancho
Acequia Madre Del Rancho Grande no 3 25.7 18.1 2.2
Acequia Del Finado Francisco Martinez Juan F. Chavez Box 293 Ranchos de Taos NM 87557 no 331 555.5 24.5 0.1
Aceauia En Medio Los Rios George Romero P.O. Box 336 Ranchos de Taos NM 87557 yes 33 59.1 4 0.4
Acequia Abajo de La Loma Jake Torres P.O. Box 15 Ranchos de Taos NM 87557 yes 53 51.2 2.1 0.2
Saucito Ditch Tony Romero Box 334 Ranchos de Taos NM 87557 no 62 68.7 5.4 0.7
Talpa Reservoir Ditch Alfonso Vigil Box 6252 Taos NM 87571 no 13 2.5 0.7 0.09
Acequia Madre Del Rio Chiquito Andres C. Maestas Box 6252 Taos NM 87571 no 421 789.5 55.9 0.1
Acequia Del Monte Alfonso Vigil Box 6252 Taos NM 87571 no 125 305.6 31.2 0.1
Acequia Antonio Marie Graham Gilbert Montoya P.O. Box 286 Ranchos de Taos NM 87557 yes 15 23.3 4.8 0.1
Acequia Lucero no 16 7.7 1.3 0.1
Pueblito Ditch Victoria Torres Box 39A Talpa NM 87557 no 34 54.9 7.6 0.3
Acequia Madre Del Rio Grande Felix Sandoval Box 299 Ranchos de Taos NM 87557 no 292 296 35.7 0.1
Jarosa Ditch Manuel Paul Trujillo Box 207 Ranchos de Taos NM 87557 no 24 82.6 16.6 0.1
Acequia En Medio (Hart Ditch) Manuel Paul Trujillo Box 207 Ranchos de Taos NM 87557 no 28 91.3 14.5 0.3
Acequia De Tio Gerbacio Mario Barela Box 60 Taos NM 87571 yes 50 131.1 14.2 0.1
Los Cordovos Ditch #1 Ted Martinez Los Cordovas NM 87557 no 82 395.5 13.8 0.1
Los Cordovas Ditch #2 (Acequia Marano) Blas Chavez Los Cordovas Rt. Taos NM 87571 no 55 174.3 37.8 0.5
Rio Hondo
Rebalse Ditch no 81 556.3 203.9 0.1
Des Montes Ditch Jose G. Lucero Arroyo Seco NM 87514 no 39 390.7 39.1 0.1
Acequia Del Llano Tino Medina General Delivery Arroyo Seco NM 87514 no 28 227.9 62.8 0.4
Mariposa Ditch no 20 201.3 116.3 0.5
Acequia De San Antonio Lola Gonzales General Delivery Valdez NM 87580 yes 73 172.6 20.9 0.1
Prando Ditch Paul Martinez Paul's Mens Shop Taos NM 87571 no 14 49.6 14.6 0.1
Canocito North and South Ditch Frank Garcia General Delivery Valdez NM 87580 no 6 22.4 7.4 1.7
Acequia De Atalaya Clyde Garduno P.O. Box 516 El Prado NM 87509 no 39 323.9 16.7 0.1
Aceauia Madre Del Llano Fernando Martinez Box 381 Arroyo Hondo NM 87513 no 105 640.1 84.5 0.1
Acequia De La Plaza Phil Rael General Delivery Arroyo Hondo NM 87513 no 35 105.9 24.2 0.1
Hawk Ditch no 2 180 83 0.4
Rio Lucero
Acequia Madre Del Rio Lucero Del Arroyo Seco Ditch Fermin Torres P.O. Box 63 Arroyo Seco NM 87514 no 92 633.4 80.7 0.5
Acequia Madre Del Prado Martin Cisneros Box 6 El Prado NM 87529 yes 111 951.1 107.2 0.01
Aceauia Del Medio Del Prado Mario Cardenas Box 228 El Prado NM 87529 no 53 218.4 47 0.01
Don Archuleta Ditch no 4 2.5 1 0.03



Cortez & Sisneros Ditch Francis Quintana P.O. Box 386 Taos NM 87571 no 6 25.3 11.4 0.07
McClure Ditch Sally Howell P.O. Box 402 Taos NM 87571 no 23 61.4 40.5 0.01
Acequia Madre de La Loma and South La Loma Robert Martinez P.O. Box 2444 Taos NM 87571 yes 37 510.9 67.9 0.04
Rio Pueblo De Picuris
Acequia De Los Alamitos no 8 40.5 12 0.5
Spring Ditch no 13 22.7 5.9 0.02
Vadito North Side Ditch #2 Raymundo Romero P.O. Box 104 Vadito NM 87579 yes unk 130
Lower Vadito South Side Ditch Leroy Trujillo P.o. Box 87 Vadito NM 87579 yes 31 183 20 1
Los Mochas Ditch no unk 50
Abelino Archuleta Ditch Wilbert Archuleta Box 5 Talpa Rt. Ranchos de Taos NM 87557 no unk 40
Acequia de Placitas del Sur Vadito Eufelio Vasquez 3948 Mayetta SW Albuquerque NM 87105 no 31 215 22 10
Acequia De La Otra Banda Benito Roybal Penasco NM 87553 no 10 133.3 96.9 0.02
Acequia de Rio Pueblo (Lena Pesada) Lloyd Bolander Box 29 Vadito NM 87579 yes unk
Rio Pueblo De Taos
Acequia Madre De Pueblo Joseph Gomez P.O. Box 865 Taos NM 87571 no 334 580.5 50.4 0.01
Acequia La Loma Abajo no 17 61.9 18.3 0.01
Acequia De Los Archuletas no 3 26.8 25.4 0.06
Molino Ditch Joseph Cruz P.O. Box 543 Taos NM 87571 no 22 62.3 14.4 0.01
Acequia De Los Sanchez Gus Gonzales P.O. Box 634 Taos NM 87571 no 36 58.7 12.7 0.01
La Acequia De Los Lovatos Frank Mares Taos NM 87571 no 78 279.2 20 0.01
Acequia De Los Molinos #2 Gilbert Medina Box 1241 Taos NM 87571 no 21 45 7 0.02
Pacheco Community Ditch Filadelfio Miera P.O. Box 2 Taos NM 87571 yes 14 85.1 21.2 0.04
San Francisco De Assisi Ditch Andrew Vigil P.O. Box 1315 Taos NM 87571 17 99.8 20.9 0.02
Rio Santa Barbara
Acequia Del Norte De Rio Lucio Tony Roybal Penasco NM 87553 no unk 166
Acequia Del Medi De Rio Lucio Frank Pacheco Box 30 Penasco NM 87553 no unk 165
Rio Lucio Southside Ditch Theodoro Sandoval General Delivery Penasco NM 87553 yes unk 183
Acequia Madre De Penasco Ray Vigil Penasco NM 87553 no unk 323
Acequia de Abrieu no unk 38
Acequiacita de Penasco John Roybal P.O. Box 29 Penasco NM 87553 yes unk 68
Acequia De Penasco Del Camino Joe F. Vigil P.O. Box 83 Penasco NM 87553 yes unk 158
Acequia Sur De Rodarte Simon Maestas General Delivery Rodarte NM 87561 no unk 175
Acequia Madre De Santa Barbara Juan Martinez Box 98 Rodarte NM 87561 no unk 825
Acequia Madre Del Llano Largo Ernesto Romero P.O. Box 26 Rodarte NM 87553 yes unk 150
Acequia Madre Del Llano San Juan Jose R. Trujillo P.O. Box 97 Penasco NM 87553 yes unk 890
Chamisal-Ojito Ditch Alferino Martinez Chamisal NM 87521 yes unk 700
Acequia Del Llano De La Llegua Albert Miera P.o. Box 143 Penasco NM 87553 yes unk 700
Rio Trampas
Acequia Sur De Las Trampas no unk 100
Acequia Norte De Las Trampas no unk 110
Acequia Abajo De El Valle Pat Aguilar P.O. Box 8 El Valle NM 87521 yes unk 85
Acequia Arriba De El Valle Pat Aguilar P.O. Box 8 El Valle NM 87521 no unk 110
Acequia Del Llano De San Miguel no unk 120
San Cristobal Creek
Drainage Ditch no 3 19 14.7 14.7
Trujillo-Cordova Ditch no 3 3.5 1.9 0.6
Middle Ditch no 33 207.9 36.6 0.2
Highland Ditch no 17 40.7 13 0.1
Acequia Madre De San Cristobal Jose L. Trujillo P.o. Box 72 San Cristobal NM 87564 no 31 140.5 23.3 0.3
Telephone Canyon
Telephone Canyon East and West Ditches no unk 9
Ute Creek
Madriles Ditch no 12 114.1 20.2 3.4
Arcadia Lucero Ditch #1 no 4 40.5 23.7 0.7
Arcadia Lucero #2 no 4 18.5 8.5 0.4
Jose Angel Martinez #1 no 5 39.7 15.3 3.4
Miera no 11 109 30.6 2.2
Madril and Lucero Ditch Ray P. Martinez P.O. Box 2616 Taos NM 87571 no unk
West Latir Creek
Acequia Madre De Cerro De Guadalupe Gilbert J. Segura P.O. Box 73 Cerro NM 87519 no 136 1764 94.7 0.2

Torrance ESTANCIA DRAINAGE BASIN



Manzano Spring
Manzano Spring Community Ditch Richard Lopez CPO Torreon Manzano NM 87061 no unk 625
Tajique Creek
Tajique Irrigation System Patrick Padilla P.O. Box 19 Tajique NM 87057 no unk 70
Torreon Creek
Torreon Community Ditch Jake Chavez General Delivery Torreon NM 87061 no unk 390
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Executive Summary

Bramble fruits refer to blackberries, raspberries, and hybrids  (or
genetic combinations) of the two crops that are grown for their
sweet, juicy berries.  Sometimes referred to simply as brambles or
bramble berries because of their thorny canes (stalks), bramble
fruits belong to the genus Rubis and family Rosaceae, the rose
family.  Although the term “bramble” denotes thorniness, some
blackberry cultivars (varieties) have been developed that are free of
thorns. 

In the U.S., large-scale commercial bramble production is located
almost exclusively in states along the Pacific Coast.  According to
the 1992 Census of Agriculture, California, Oregon, and Washington
reported 76 percent of the harvested U.S. raspberry acreage. 
California and Oregon accounted for 69 percent of the harvested U.S.
blackberry acreage in 1992, and were also major producers of
boysenberries.  Oregon is the main producer of loganberries.  The
remaining bramble fruit production is scattered in small plantings
throughout the United States.  

Raspberry and blackberry plants have perennial roots and biennial
shoots.  The roots continue to grow for the life of the planting, but
new above-ground shoots (canes) develop each year from crown buds or
buds on the roots.  Canes produce vegetative growth the first summer
and form flower buds in the fall.  These buds bloom the following
spring and bear fruit during the summer.  After bearing, the canes
die, completing their life cycle. 

Some red raspberry varieties are distinguished by their ability to
initiate flower buds on primocanes during their first summer and
produce fruit that fall.  Cultivars with this growth habit are known
variously as “everbearing,” “fall-fruiting,” or “primocane-bearing”
raspberries, and are being widely used as a means of extending the
fresh fruit marketing season.

Except in the western commercial production areas, brambles tend to
be grown in small plantings.  The U.S. Census of Agriculture reported
4,639 farms with 15,899 harvested acres of raspberries and 2,619
farms with 6,994 harvested acres of blackberries in 1992.  For those
states other than California, Oregon, and Washington, there were
3,522 farms with raspberries and 2,082 with blackberries, and, on
average, they harvested just over one acre each.  Many of these farms
had less than one acre.

More than 95 percent of the bramble fruit grown in Washington and
Oregon is sold for processing.  Although the usage breakdown between
fresh market and processing is not reported, California brambles are
grown mainly for the fresh market.  Berries may be diverted to
processing when fresh-market prices are low or if the berries are of
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low quality.  Central California is an important fresh-market
strawberry area and shippers use the fresh-market infrastructure
developed for strawberries to handle and sell raspberries.  Although
statistics are not available for other states, the fresh market,
especially direct-to-consumer sales, reportedly accounts for the bulk
of marketings.

Climate, chiefly temperature, is the most important factor affecting
the geographic distribution of commercial bramble production.  Summer
and winter temperatures can be either too hot or too cold for
successful berry production.  Raspberries and blackberries need to
have an extended period during the winter with temperatures below 45o

F before they can resume growth in the spring.  Failure to satisfy
this requirement results in reduced flower bud growth in the spring
and diminished yields.

However, extreme low temperatures may kill raspberry and blackberry
canes, basal buds, and even the entire plant.  Winter injury
reportedly is the most serious production peril for both raspberries
and blackberries.  In general, red raspberries are more hardy than
are the black and purple cultivars.

An additional, frequently-cited cause of yield loss among raspberries
is root rot, which occurs when the soil is excessively wet. 
Excessive rains and excessive heat in combination at harvest-time
were cited as conditions that contribute to diseases and quality
degradation, especially among raspberries.  Brambles are also subject
to a number of other perils, such as hail, wind, and various insect
and disease pests. 

Because of their large commercial acreage, the greatest potential for
bramble crop insurance exists in California, Oregon, and Washington. 
Some growers in Washington have indicated an interest in insurance. 
The Farm Service Agencies in Clark and Whatcom counties report that
they have received requests for raspberry insurance and that growers
have asked about the availability of such insurance.  In addition,
the extension farm advisor for brambles in Monterey and Santa Cruz
counties in California indicated that several growers had expressed
frustration that they did not have crop insurance available during
flooding in the spring of 1995.  

Even so, disaster assistance payments in these states have been small
relative to their acreage, suggesting that growers incur relatively
minor yield losses.  Disaster payments for Oregon raspberries, for
example, accounted for about 6.5 percent of the U.S. total over the
1988-94 period, while the state had 34 percent of U.S. harvested
acreage.  Large payments have been received by midwestern and
northeastern growers in states that account for a small portion of
the U.S. total acreage.



1 The value for blackberries includes boysenberries and
loganberries produced in California.
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Bramble Fruits: An Economic Assessment of the
 Feasibility of Providing Multiple-Peril Crop Insurance

for Raspberries and Blackberries

Introduction

Bramble fruits refer to blackberries, raspberries, and hybrids  (or
genetic combinations) of the two crops that are grown for their
sweet, juicy berries.  Sometimes referred to simply as brambles or
bramble berries because of their thorny canes (stalks), bramble
fruits belong to the genus Rubis and family Rosaceae, the rose
family.  Although the term “bramble” denotes thorniness, some
blackberry cultivars (varieties) have been developed that are free of
thorns.  

Raspberries and blackberries are composite fruits consisting of
numerous tiny individual “drupelets” (one-seeded fruits) attached to
a central core or receptacle.  The main difference between
blackberries and raspberries is in the way the ripened berry
separates from its stem.  Raspberries loosen from the receptacle,
leaving a hard, dry, inedible core attached to the plant.  This
results in a thimble-shaped fruit with a hollow center.  On the other
hand, blackberries loosen at the base of the receptacle, and the
receptacle becomes an integral part of the fruit.  The blackberry
receptacle is soft, juicy, and edible.

In the U.S., large-scale commercial bramble production is located
almost exclusively in states along the Pacific Coast (Figures 1 and
2).  According to the 1992 Census of Agriculture, California, Oregon,
and Washington reported 76 percent of the harvested U.S. raspberry
acreage (Appendix table 1).  California and Oregon accounted for 69
percent of the harvested U.S. blackberry acreage in 1992, and were
also major producers of boysenberries (Appendix tables 2 and 3). 
Oregon is the main producer of loganberries (Appendix table 4).  The
remaining bramble fruit production is scattered in small plantings
throughout the United States.  

The U.S. Department of Agriculture reports raspberry production for
Oregon and Washington, and blackberry production for California and
Oregon.  Oregon and Washington raspberries had a combined value of
$23 million in 1995, and California and Oregon blackberries had a
combined value of $21 million.1
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This report examines those aspects of the U.S. bramble fruit industry
that relate to the demand for crop insurance and the feasibility of
developing an insurance policy for bramble crops.

The Bramble Plant

Raspberry and blackberry plants have perennial roots and biennial
shoots.  The roots continue to grow for the life of the planting, but
new above-ground shoots (canes) develop each year from crown buds or
buds on the roots.  Canes produce vegetative growth the first summer
and form flower buds in the fall.  These buds bloom the following
spring and bear fruit during the summer.  After bearing, the canes
die, completing their life cycle.  First-year shoots are referred to
as primocanes, while second-year shoots are called floricanes.  Both
exist on the plant at the same time, but the floricanes are usually
removed shortly after harvest to promote vigorous growth among the
primocanes.

Nearly all bramble cultivars are self-fruitful, meaning that a
stamen’s pollen can fertilize the pistil of the same flower or of
another flower of the same species and produce an individual
drupelet.  Generally, eighty or more pistils per flower need to be
pollinated and form drupelets for a berry to be commercially
acceptable (Crandall).

Flying insects, primarily honeybees, account for over 90 percent of
the pollen transfer (Crandall).  Commercial growers move hives of
honeybees into the field during blossoming to assure adequate
pollination.  One or two hives per acre grouped into units of five or
ten per location are generally recommended.  

Following pollination, raspberries require 30-35 days to reach
maturity, while blackberries require 35-45 days.  The bulk of a
berry’s enlargement and weight gain occur during the later stages of
the maturation process. 

Types of Brambles

Several types of brambles are produced in the U.S., including red
raspberries; black raspberries; yellow and purple raspberries; and
blackberries.  

Red Raspberries

Red raspberries are native to Asia Minor, where they grew wild in a
region near Mount Ida.  Currently, large commercial acreages of red
raspberries are grown in Great Britain, Europe, Canada, the United
States, Chile, New Zealand, and Australia.



2 Although referred to as "fall-bearing," the primocanes on such
varieties begin yielding berries in late summer and continue bearing
into the fall, until cold weather forces the plant into dormancy.

3 Many raspberry and blackberry varieties are grown in the
United States.  Some are long-time standards and others are promising
new cultivars that are being grown on a trial basis.  Appendix A
provides a brief description of some of the varieties currently
produced.
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Some red raspberry varieties are distinguished by their ability to
initiate flower buds on primocanes during their first summer and
produce fruit that fall.  Cultivars with this growth habit are known
variously as “everbearing,” “fall-fruiting,” or “primocane-bearing”
raspberries, and are being widely used as a means of extending the
fresh fruit marketing season.2  In addition to extending the
raspberry season, these primocane-bearing berries can be grown
successfully in regions where low winter temperatures would severely
damage or kill raspberry canes.  In these areas, cold damage is
avoided by cutting off the canes at ground level in the fall.  The
primocanes that grow from root buds the following spring bear fruit
during the fall.  Although this practice sacrifices the summer crop,
it produces an abundant fall harvest which continues until frost.  

Red raspberries are the most widely-grown bramble fruit in the United
States.  Although the bulk of U.S. commercial production is located
in Oregon and Washington, small acreages are reported in every state
except Hawaii (Census of Agriculture, 1992).  

The principal cultivars produced in the Pacific Northwest are
‘Willamette’ and ‘Meeker.’3  They are well-suited for commercial
production because they can be machine-harvested.  In addition,  they
produce high yields of large, firm berries that are especially well-
adapted to the processing market.  New varieties being adopted in the
Pacific Northwest are ‘Chilliwack’ and ‘Tulameen,’ which are suitable
for both the processing and fresh markets. 

‘Heritage’ and ‘Willamette’ are the principal varieties grown in
California, where they are used primarily for the fresh fruit market. 
‘Latham’ is the long-time standard cultivar for the midwestern and
northeastern United States, primarily because of its winter hardiness
and relatively wide adaption.  ‘Boyne,’ a new, hardy cultivar, is
replacing ‘Latham’ in some colder areas.  
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Black Raspberries

Black raspberries are native to North America.  They are not as
winter hardy as red raspberries and they are more susceptible to
diseases.  In addition, black raspberries are less productive than
are red raspberries.  Nevertheless, black raspberries impart a unique
flavor to many products, and substantial quantities are produced
commercially in western Oregon.

The major black raspberry varieties grown for processing in Oregon
are ‘Munger’ and ‘Bristol.’  ‘Munger’ is by far the most widely
planted.  Because they are less winter-hardy than red raspberries,
few black raspberries are grown in the midwestern and northeastern
United States.  ‘Cumberland’ and ‘Bristol’ are the two most commonly
grown cultivars in these areas.

Purple and Yellow Raspberries

Purple raspberries are hybrids of black and red cultivars.  They are
intermediate between red and black raspberries in growth habit, have
large fruit, and are juicer and more productive than are black
raspberries.  Purple raspberry production is limited almost entirely
to small plantings in the Midwest and Northeast. 

Several yellow raspberry varieties are grown in small plantings
throughout the United States.  Except for color, yellow raspberries
resemble red raspberries, having similar appearance and flavor. 
Yellow raspberries are primarily grown for specialty markets. 

Blackberries

Blackberries are classified according to their growth habit into
erect, semi-erect, or trailing types, and they may or may not have
thorns.  The erect types have arched, self-supporting canes, while
the trailing types have recumbent canes that naturally trail along
the ground.  In commercial plantings, trailing blackberry canes are
tied to poles or trellises to keep them up off the ground.  The fruit
clusters are more open on the trailing types than on the erect types.

The semi-erect types produce thin, trailing canes the first year
after planting.  In subsequent years, semi-erect plants produce
sturdy, upright canes that arch back to the ground if not supported
by a trellis.     

The erect species produce new plants from buds on the roots.  The
semi-erect and trailing types, however, have few or no vegetative
buds on the roots.  Instead, the tips of their primocanes form roots
where they touch the soil and new plants grow from these roots. 
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The major commercial blackberry varieties in the Pacific Northwest
are ‘Marion’ and ‘Thornless Evergreen.’  Limited quantities of
‘Logan,’ ‘Boysen,’ and ‘Olallie’ are also grown in this area. 
‘Boysen’ and Olallie’ are the principal varieties grown for
processing in the San Joaquin Valley of California, while ‘Shawnee’
is the most widely grown cultivar in the southern part of the United
States.  Blackberry production in the Midwest and Northeast consists
of many small acreages located close to population centers where the
berries can be sold in local fresh markets.  Numerous varieties are
grown in these areas, but none are of commercial significance because
of their small associated acreage.

The Bramble Fruit Industry

Location

Brambles are grown throughout the United States.  The Census of
Agriculture reported 49 states with farms harvesting raspberries in
1992 (only Hawaii had no raspberries) and 40 states with farms
harvesting blackberries.  Two-thirds of the harvested raspberry
acreage was located in Oregon and Washington and an additional 9
percent was located in coastal California in 1992 (Appendix table 1). 
Michigan, New York, and Ohio each accounted for 2 percent or more of
U.S. harvested acreage.  

The Pacific Coast states also accounted for nearly 70 percent of the
blackberry acreage, with 64 percent in Oregon and 6 percent in
California (Appendix table 2).  Texas reported an additional 5
percent.

Loganberries and boysenberries are mainly produced in California,
Oregon, and Washington.  These three states had 345 of the 347 farms
with boysenberries in 1992 and all of the farms with loganberries
(Appendix tables 3 and 4).  Loganberries and boysenberries are types
of blackberry and share the same cultural requirements and production
perils.  They have different taste characteristics than other
blackberries, however, and are, therefore, not close substitutes for
one another in most uses.  Loganberry and boysenberry statistics are
usually reported separately from other blackberries. 

Farms with Brambles

Except in the western commercial production areas, brambles tend to
be grown in small plantings.  The U.S. Census of Agriculture reported
4,639 farms with 15,899 harvested acres of raspberries and 2,619
farms with 6,994 harvested acres of blackberries in 1992.  For those
states other than California, Oregon, and Washington, there were
3,522 farms with raspberries and 2,082 with blackberries, and, on
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average, they harvested just over one acre each.  Many of these farms
had less than one acre.

Sales data suggest that the majority of farms producing brambles are
small-scale operations often operated by part-time farmers.  Seventy-
three percent of the raspberry and 77 percent of the blackberry farms
had total farm sales of $25,000 or less in 1987 (Appendix tables 5
and 6).  Even among the commercial states, half or more of the farms
producing brambles had sales of less than $25,000.  A similar
situation appears for boysenberries and loganberries (Appendix tables
7 and 8).  Many small operators may be persons with off-farm earnings
or retirees who grow brambles for supplemental income.

The Bramble Fruit Market

Supply

USDA reported 71 million pounds of red raspberry production in
Washington and Oregon in 1995, 98 percent of which was used for
processing (Table 1).  USDA  also reported 15 million pounds of
raspberries produced in California (Table 2).  The bulk of
California’s output is grown for the fresh market.  Other states
produce an undetermined amount of raspberries, primarily for the
fresh market.  Oregon is the principal supplier of black raspberries,
producing 2.6 million pounds in 1995 (Table 3).

In addition to domestic production, the U.S. imports both fresh and
frozen raspberries.  Fresh berries from Canada account for the
largest volume.  Chile, Colombia, Mexico, and Guatemala ship a
substantial amount of fresh raspberries into the United States during
the winter and spring (Table 4).  U.S. frozen raspberry imports
arrive mostly from Canada and Chile.

Red raspberry production in Oregon and Washington has risen sharply
in recent years.  Combined production rose from 29 million pounds in
1985 to 71 million pounds in 1995.  The increased output may reflect
producers’ response to high prices during the past 5 years.  The high
prices occurring since 1990 are in part due to civil unrest in the
former Yugoslavia, which disrupted the world supply of frozen
raspberries.  Yugoslavia is a major world producer of red
raspberries.

Oregon is the principal supplier of blackberries, producing 37.5 
million pounds in 1995 (Table 5).  Most of these are used for
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Table 1--Red raspberries: Commercial acreage, yield per acre, production, and
season-average grower price, Oregon and Washington, 1975-95                           
                                                                                        
State                                                                        Value of
and     Acreage   Yield/  Utilized    Utilization         Grower price       utilized
year   harvested   acre  production  Fresh Processed  Fresh  Processed  All production
                                                                                        
        Acres    Pounds      ---1,000 pounds---         ---Cents/pound---    $1,000
Oregon
  1975   2,100    4,860    10,200     700    9,500     46.6    22.0     23.7    2,417
  1976   2,000    4,500     9,000     800    8,200     42.0    30.8     31.8    2,862
  1977   1,900    5,530    10,500     700    9,800     60.0    50.4     51.0    5,355
  1978   1,900    5,050     9,600     400    9,200     71.0    74.8     74.6    7,162
  1979   2,000    5,000    10,000     700    9,300     60.4    68.8     68.2    6,821

  1980   2,100    5,050    10,600     600   10,000     50.7    27.4     28.7    3,044
  1981   2,000    6,000    12,000     600   11,400     54.2    51.0     51.2    6,139
  1982   2,500    5,400    13,500   1,000   12,500     78.0    70.0     70.6    9,530
  1983   2,500    5,600    14,000   1,000   13,000     65.0    35.9     38.0    5,320
  1984   2,700    5,480    14,800     800   14,000     65.0    53.0     53.6    7,940

  1985   2,800    4,460    12,500     500   12,000     80.0    52.5     53.6    6,700
  1986   3,100    4,000    12,400     300   12,100     82.0    76.5     76.6    9,503
  1987   3,500    6,140    21,500     600   20,900     76.0    50.0     50.7   10,906
  1988   3,700    5,140    19,000     650   18,350     99.0    53.5     55.1   10,461
  1989   4,000    6,250    25,000     600   24,400     94.0    55.5     56.4   14,106

  1990   4,200    5,120    21,500     500   21,000     88.0    31.7     33.0    7,097
  1991   4,000    4,130    16,500     300   16,200    108.0    53.0     54.0    8,910
  1992   4,000    5,500    22,000     400   21,600    108.0    53.0     54.0   11,880
  1993   3,700    4,460    16,500     500   16,000    115.0    69.5     70.9   11,695
  1994   3,800    5,790    22,000   1,000   21,000    157.0    86.5     89.7   19,735

  1995   4,000    4,630    18,500     700   17,800    154.0    74.0     77.0   14,250

Washington
  1975   3,000    5,500    16,500   1,100   15,400     54.2    22.8     24.9    4,109
  1976   2,900    5,080    14,732   1,312   13,420     43.0    28.3     29.6    4,361
  1977   2,800    5,230    14,644   1,615   13,029     48.8    44.1     44.6    6,531
  1978   2,600    5,100    13,260   1,017   12,243     66.7    70.7     70.4    9,335
  1979   2,600    4,900    12,740   1,790   10,950     75.5    68.5     69.5    8,852

  1980   2,800    4,500    12,600   2,240   10,360     69.6    30.3     37.3    4,698
  1981   3,000    4,750    14,250   2,350   11,900     68.1    48.8     52.0    7,408
  1982   3,100    5,700    17,670   1,800   15,870     78.8    66.0     67.3   11,892
  1983   3,000    5,800    17,400   1,740   15,660     83.4    38.5     43.0    7,482
  1984   3,000    5,450    16,350   1,150   15,200     78.5    47.0     49.2    8,047

  1985   3,200    5,250    16,800   1,000   15,800     75.9    54.9     56.1    9,433
  1986   3,300    4,200    13,860   1,040   12,820     86.0    75.0     75.8   10,509
  1987   3,600    6,400    23,040   1,300   21,740     93.6    50.1     52.6   12,109
  1988   4,000    6,300    25,200   1,200   24,000     83.5    52.0     53.5   13,482
  1989   4,200    6,900    28,980   1,100   27,880     85.0    55.0     56.1   16,269

  1990   5,400    5,200    28,080   1,280   26,800     90.0    35.0     37.5   10,532
  1991   5,300    6,100    32,330   1,030   31,300    108.0    49.0     50.9   16,449
  1992   5,300    7,800    41,340   1,440   39,900    115.0    51.0     53.2   22,005
  1993   5,200    8,200    42,640   1,640   41,000    140.0    63.0     66.0   28,126
  1994   5,700    8,200    46,740   1,840   44,900    166.0    81.0     84.3   39,423

  1995   5,900    8,900    52,510   1,010   51,500    118.0    66.0     67.0   35,182 
                                                                                        
Sources: Oregon Department of Agriculture, Oregon Agricultural Statistics Service;
Washington Department of Agriculture, Washington Agricultural Statistics Service; and
U.S. Department of Agriculture, National Agricultural Statistics Service.
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Table 2--All raspberries: Commercial acreage, yield per acre, production, 
season-average grower price, and value, California, 1990 to 1995                       
                                                                                       

State                                                                        Value of
and     Acreage   Yield/  Utilized     Utilization       Grower price        utilized
year   harvested  acre   production  Fresh Processed  Fresh Processed  All  production

                                                                                       

        Acres      Pounds      ---1,000 pounds---       ---Cents/pound---      $1,000

1990   1,700       10,400    17,700    na      na       na       na     1.650  29,228

1991     na           na        na     na      na       na       na       na      na
1992   1,600       16,500    26,400    na      na       na       na     1.830  48,276
1993   1,850       14,200    26,300    na      na       na       na     1.480  39,000

1994   1,900       11,100    21,000    na      na       na       na     1.430  30,000
1995   1,900        8,050    15,300    na      na       na       na     1.520  23,325
                                                                                       

na = not available.

Source: U.S. Department of Agriculture, National Agricultural Statistics Service.
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Table 3--Black raspberries: Commercial acreage, yield per acre, production, 
and season-average grower price, Oregon and Washington, 1975 to date                  
                                                                                      
State                                                                        Value of
and     Acreage   Yield/  Utilized     Utilization       Grower price        utilized
year   harvested  acre   production  Fresh Processed  Fresh Processed  All  production
                                                                                       
         Acres    Pounds      ---1,000 pounds---        ---Cents/pound---       $1,000
Oregon
  1975   1,300    1,850    2,400      150    2,250     61.7     50.0     50.7    1,217
  1976   1,200    1,500    1,800      125    1,675     41.8     50.0     49.4      889
  1977   1,200    1,920    2,300      100    2,200     64.0     61.9     62.0    1,426
  1978   1,200    1,580    1,900       40    1,860     75.0     75.0     75.0    1,425
  1979   1,300    1,850    2,400       30    2,370     90.0     93.0     93.0    2,231

  1980   1,700    1,820    3,100       30    3,070     58.8     45.4     45.5    1,411
  1981   1,600    2,010    3,220       20    3,200     50.0     24.1     24.3      781
  1982   1,500    1,850    2,770       10    2,470     50.0     27.5     27.6      684
  1983   1,350    2,150    2,900       10    2,890     60.0     53.0     53.0    1,538
  1984   1,300    1,540    2,000       20    1,980    110.0     95.0     95.2    1,903

  1985   1,350    1,560    2,100       20    2,080    157.0    136.2    136.2    2,860
  1986   1,550    1,870    2,900        0    2,900      0.0    180.0    180.0    5,200
  1987   1,750    2,490    4,350       10    4,340     90.0     52.0     52.1    2,266
  1988   1,500    2,500    3,750       20    3,730     88.0     34.5     34.8    1,305
  1989   1,400    1,930    2,700       50    2,650    120.0     38.0     39.5    1,067

  1990   1,400    1,820    2,550       30    2,520    122.0    120.0    120.0    3,061
  1991   1,100    1,450    1,600       10    1,590    200.0    203.0    203.0    3,248
  1992   1,100    2,180    2,400       30    2,370    153.0    148.0    148.0    3,554
  1993   1,150    2,430    2,800       20    2,780    188.0    161.0    161.0    4,514
  1994   1,150    3,300    3,800       20    3,780    150.0    100.0    100.0    3,810

  1995   1,200    2,130    2,550       10    2,540    159.0     60.4     61.0    1,550

Washington 1/
  1975     140    1,210      170        3      167     50.0     50.0     50.0       85
  1976     110    1,110      122        4      118     50.0     50.0     50.0       61
  1977     110    1,730      190        4      186     50.0     65.0     64.7      123
  1978     130    1,360      177        3      174     75.0     75.0     75.0      133
  1979     130    2,200      286        2      284     86.7     86.7     86.7      248

  1980     120    1,460      175        2      173     41.0     41.0     41.0       72
  1981     120      670       80        4       76     47.5     25.0     26.1       21
  1982     110    1,230      135        4      131     29.0     29.0     29.6       40
  1983     110    1,000      110       10      100     65.0     50.0     51.4       57
  1984     100      850       85       15       70     59.0     55.0     55.3       47

  1985     100      950       95       25       70    135.0    140.0    138.9      132
  1986     100      700       70       14       56    170.0    165.0    165.7      116
  1987     100    1,100      110       23       87     55.0     49.2     50.4       55
  1988      80    1,300      104       20       84    100.0     41.0     51.9       54
                                                                                      
1/ Not reported after 1988.
Sources: Oregon Department of Agriculture, Oregon Agricultural Statistics Service;  
Washington Department of Agriculture, Washington Agricultural Statistics Service; and
U.S. Department of Agriculture,  National Agricultural Statistics Service.
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Table 4--Raspberries and Blackberries: U.S. imports, 1993-1995                         
                                                                                        
                     Principal
Item                  sources                   1993             1994           1995  
                                                                                        
                                             -----------------Metric tons-------------
Raspberries:
 Fresh          Canada, Colombia, Chile        5,895            7,429          8,026
                   Guatemala
 Frozen         Canada, Chile                  2,337            2,780          3,312

Blackberries:
 Fresh          Guatemala                       204              346             649
 Frozen         Chile, Mexico                    40              105             416

Loganberries:
 Fresh          Guatemala                       222              153             104
 Frozen         Chile                           304              233             659
                                                                                      

Source: U.S. Department of Commerce, Bureau of the Census.
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Table 5--Blackberries: Commercial acreage, yield per acre, production, and
season-average grower price, Oregon and Washington, 1975 to date                      
                                                                                       
State                                                                        Value of
and     Acreage   Yield/  Utilized     Utilization       Grower price        utilized
year   harvested   acre  production  Fresh Processed  Fresh Processed  All  production
                                                                                       
         Acres     Pounds     ---1,000 pounds---        ---Cents/pound---       $1,000
Oregon
  1975   3,000    6,830   20,500      300   20,200     21.0     14.4     14.5    2,973
  1976   2,600    8,190   21,300      400   20,900     28.1     29.0     29.0    6,177
  1977   2,600    7,000   18,200      400   17,800     56.5     45.3     45.5    8,281
  1978   3,000    6,700   20,100      400   19,700     55.5     50.7     50.8   10,211
  1979   2,500    5,600   14,000      550   13,450     66.2     58.0     58.3    8,165

  1980   3,400    8,470   28,800      400   28,400     41.2     20.1     20.4    5,873
  1981   3,000    6,580   18,000      450   17,550     30.5     17.2     17.5    3,150
  1982   3,000    6,830   18,600      900   17,700     44.2     23.2     24.2    4,504
  1983   3,000    7,000   20,250      200   20,050     49.5     29.1     29.3    5,943
  1984   3,100    6,190   19,200      400   18,800     49.8     49.8     49.8    9,558

  1985   3,400    7,060   24,000      200   23,800     60.5     57.8     57.8   13,873
  1986   3,600    6,390   23,000      200   22,800     67.0     60.9     60.9   14,018
  1987   4,900    7,670   37,600      610   36,990     60.7     27.7     28.3   10,629
  1988   4,400    7,720   33,950    1,100   32,850     58.1     30.0     30.9   10,498
  1989   4,200    5,520   23,200      700   22,500     57.7     37.1     37.7    8,748

  1990   4,150    7,730   32,100      900   31,200     92.6     37.4     39.0   12,512
  1991   3,050    5,510   16,800      700   16,100    146.0     83.2     85.8   14,413
  1992   4,700    9,110   42,800    1,100   41,700     88.7     43.9     45.1   19,284
  1993   4,700    6,470   30,400    1,200   29,200     86.5     29.1     31.4    9,539
  1994   5,040    7,480   37,700    1,200   36,500     95.0     35.8     37.7   14,207

  1995   4,900    7,650   37,500      850   36,650    110.0     54.3     55.6   20,836

Washington 1/
  1975     210    7,330    1,540       17    1,523     25.7     13.4     13.5      208
  1976     210    6,600    1,386       20    1,366     35.6     28.4     28.5      395
  1977     210    5,900    1,239       42    1,197     53.3     40.0     40.5      502
  1978     200    5,300    1,060       45    1,015     48.9     52.5     49.1      520
  1979     200    2,540      508       21      487     50.0     55.4     55.2      280

  1980     240    3,500      840       37      803     55.0     14.0     15.8      133
  1981     220    3,750      825      250      575     55.0      8.3     22.5      186
  1982     160    3,800      608      308      300     44.1     11.0     27.8      169
  1983     160    4,250      680      190      490     54.8     20.4     30.0      204
  1984     160    5,000      800      200      600     58.0     40.0     44.5      356

  1985     150    4,700      705      315      390     62.0     46.0     53.2      375
  1986     150    3,800      570      170      400     75.0     41.0     51.1      292
  1987     150    5,400      810      260      550     62.0     29.8     40.1      325
  1988     150    5,500      825      325      500     74.5     32.0     48.7      402
  1989     130    5,500      715      300      415     75.0     25.0     46.0      329
                                                                                      
1/ Not reported after 1989.
Sources: Oregon Department of Agriculture, Oregon Agricultural and Fisheries Statistics; 
Washington Department of Agriculture, Washington Agricultural Statistics Service; and
U.S. Department of Agriculture, National Agricultural Statistics Service.
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processing.  Other states, especially in the middle and southern
latitudes of the U.S., produce an unknown volume of blackberries,
most of which are sold in local fresh markets.  In addition to
domestic output, the U.S. imports a small amount of blackberries,
mainly fresh product from Guatemala.  Chile and Mexico are the
principal sources of frozen blackberry imports.  Oregon is also the
principal supplier of boysenberries and loganberries (Tables 6 and
7).

Demand

Information on raspberry and blackberry consumption in the United
States is sketchy because production is only reported for three
states--California, Oregon, and Washington.  The most complete data
relate to frozen raspberries and blackberries, for which the Economic
Research Service (ERS) estimates total and per-capita consumption. 
These estimates indicate that per capita combined use of frozen
raspberries and blackberries rose from about 0.17 pounds per person
in 1975 to about 0.28 pounds in 1995 (Table 8).  
Although these data suggest rising consumption, they may overstate
any upward trend.  There is a great deal of year-to-year variation in
use, and consumption during some intervening years fell below the
1975 level, while in other years, use exceeded that which occurred in
1995.

Prices

Fresh-market berries almost always sell for a premium over those sold
for processing.  Data for Washington and Oregon suggest that fresh-
market raspberry prices average about double the prices for
processing berries.  One reason is that harvesting and marketing
costs are higher for fresh-market berries, which must be hand picked
and marketed in retail-sized containers.  In contrast,  processing
berries are usually machine harvested and handled in reusable
containers.  Harvesting and marketing expenses for fresh-market
berries may be as much as ten times the cost for berries used for
processing. 

Raspberry prices vary widely from year to year, as illustrated in
Figure 3 for red raspberries in Washington and Oregon.  Since
processing berries dominate in these two states, the prices are
weighted heavily toward processing.  

Between 1990 and 1994, rising prices and increasing production
suggest that the demand for U.S. red raspberries was increasing.
Although prices peaked in 1994, they still remained at a relatively
high level in 1995 when compared with prices in 1990 and prior years. 
Average prices may weaken during the last half
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Table 6--Boysenberries: Commercial acreage, yield per acre, production, and 
season-average grower price, California and Oregon, 1975 to date                      
                                                                                       
State                                                                        Value of
and     Acreage   Yield/  Utilized     Utilization       Grower price        utilized
year   harvested  acre   production  Fresh Processed  Fresh Processed  All  production
                                                                                         
         Acres    Pounds      ---1,000 pounds---        ---Cents/pound---       $1,000
 Oregon
  1975     950    3,790    3,600      160    3,440     27.3     18.0     18.4      662
  1976     600    3,750    2,250      275    1,975     29.3     28.3     28.4      639
  1977     700    4,500    3,150      150    3,000     65.0     65.0     65.0    2,048
  1978     750    2,670    2,000      100    1,900     80.0     81.5     81.4    1,628
  1979     800    2,940    2,350      100    2,250     80.0     79.7     79.7    1,873

  1980   1,000    3,500    3,500      100    3,400     45.8     30.6     31.0    1,086
  1981     950    3,000    2,850      100    2,750     43.4     28.4     28.9      824
  1982   1,000    4,200    4,200      200    4,000     42.0     32.3     32.8    1,376
  1983     950    3,740    3,550      200    3,350     45.0     34.0     34.6    1,229
  1984     900    3,700    3,330      200    3,130     71.0     71.0     71.0    2,364

  1985     900    4,000    3,600      100    3,500     82.0     79.0     79.1    2,847
  1986     850    4,350    3,700       50    3,650     77.0     80.0     80.0    2,959
  1987   1,000    5,300    5,300       50    5,250     67.0     52.0     52.2    2,764
  1988     950    5,680    5,400      100    5,300     43.0     73.0     42.4    2,320
  1989     900    3,440    3,100      100    3,000     51.0     72.0     50.3    1,581

  1990   1,000    4,500    4,500      100    4,400     81.0     55.0     55.6    2,501
  1991     900    4,670    4,200      100    4,100     97.5     99.8     99.8    4,190
  1992   1,000    6,150    6,150      150    6,000    125.0     64.0     65.5    4,028
  1993   1,000    4,550    4,550      150    4,400    115.0     74.0     75.4    3,429
  1994   1,200    5,080    6,100      100    6,000    103.0     62.5     63.2    3,853

  1995   1,200    3,980    4,780       80    4,700    134.0     77.5     78.5    3,750

 California
  1990     450    8,000    3,600     N.A.     N.A.     N.A.     N.A.     88.0    3,168
  1991    N.A.   N.A.       N.A.     N.A.     N.A.     N.A.     N.A.     N.A.     N.A.
  1992     200    8,500    1,700     N.A.     N.A.     N.A.     N.A.     91.1    1,548
  1993     250    9,000    2,250     N.A.     N.A.     N.A.     N.A.     88.0    1,980
  1994     250    8,000    2,000     N.A.     N.A.     N.A.     N.A.     75.5    1,510

  1995     270    6,670    1,800     N.A.     N.A.     N.A.     N.A.     95.0    1,710
                                                                                         
 N.A. = Not available.

Sources: Oregon Department of Agriculture, Oregon Agricultural Statistics Service; U.S.
Department of Agriculture, National Agricultural Statistics Service.
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Table 7--Loganberries: Commercial acreage, yield per acre, production, and 
season-average grower price, Oregon, 1975 to date                                     
                                                                                         
State                                                                        Value of
and     Acreage   Yield/  Utilized     Utilization       Grower price        utilized
year   harvested  acre   production  Fresh Processed  Fresh Processed  All  production
                                                                                         
         Acres    Pounds      ---1,000 pounds---         ---Cents/pound---      $1,000
 Oregon
  1975     440    6,360    2,800       50    2,750     26.6     20.0     20.1      563
  1976     470    5,320    2,500       50    2,450     27.0     20.4     20.5      513
  1977     500    7,200    3,600       60    3,540     45.0     41.9     42.0    1,512
  1978     470    5,320    2,500       50    2,450     45.0     41.3     41.4    1,035
  1979     400    2,900    1,160       30    1,130     60.0     60.9     60.9      706

  1980     420    5,360    2,250       30    2,220     44.6     24.5     24.8      557
  1981     450    3,420    1,540       40    1,500     23.0     18.8     18.9      291
  1982     500    4,200    2,100       50    2,050     47.5     35.0     35.3      742
  1983     450    5,330    2,400       80    2,220     35.0     25.7     26.0      598
  1984     420    3,330    1,400      100    1,300     43.0     40.0     40.2      563

  1985     330    3,790    1,250       50    1,200     51.0     49.5     49.6      620
  1986     230    5,650    1,300       30    1,270     86.0     75.0     75.3      979
  1987     240    5,330    1,280       30    1,250     61.0     35.0     35.6      456
  1988     240    5,670    1,360       10    1,350     35.3     67.0     35.0      480
  1989     200    3,250      650       25      625     45.2     64.0     44.5      294

  1990     160    6,250    1,000       10      990     77.0     38.0     38.4      384
  1991     100    1,800      180       10      170    105.0     80.0     81.7      147
  1992     110    6,000      660       10      650    101.0     48.5     49.2      325
  1993      90    5,000      450       90      360    156.0     60.0     79.1      356
  1994      90    4,440      400       70      330    100.0     78.5     82.3      329

  1995      80    3,880      310       70      240    142.0     68.0     84.5      262
                                                                                         
Sources: Oregon Department of Agriculture, Oregon Agricultural Statistics Service; U.S.
Department of Agriculture, National Agricultural Statistics Service.
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Table 8--Frozen blackberries and raspberries: U.S. supply and utilization, 
1992-95                                                                       
                                                                               

                          Beginning  Total   Ending              Consumption   
 Year    Pack 1/  Imports  stocks   supply  stocks  Exports  Total  Per capita
                                                                               

        -------------------------Million pounds-----------------------  Pounds

Raspberries

 1992   32.145    4.546   29.100   65.791   35.697       --   30.094   0.1178
 1993   25.479    5.153   35.697   66.329   34.117       --   32.212   0.1247
 1994   29.900    6.131   34.117   70.148   39.866       --   30.282   0.1162
 1995   40.109    7.304   39.866   87.279   45.030       --   42.249   0.1606

Blackberries

 1992   31.498       --    8.600   40.098   22.529       --   17.569   0.0688
 1993   23.118       --   22.529   45.647   17.001       --   28.646   0.1109
 1994   24.226       --   17.001   41.227   21.188       --   20.039   0.0769
 1995   26.823       --   21.188   48.011   16.067       --   31.944   0.1214

Other berries 2/

 1992    8.551    2.814    1.827   13.192    3.427    3.899    5.866   0.0230
 1993    4.526    1.015    3.427    8.968    3.673    2.695    2.600   0.0101
 1994    5.164    1.095    3.673    9.932    3.046    3.470    3.416   0.0131
 1995    3.459    2.989    3.046    9.494    2.120    3.670    3.704   0.0141
                                                                               

1/ Total United States frozen pack from the American Frozen Food Institute. 
2/ Other berries pack is the sum of pack for boysenberries and loganberries. 
Does not include U.S. pack of loganberries for 1995.

Source: U.S. Department of Agriculture, Economic Research Service.
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of the 1990's as production rises due to increases in planted
acreage.

Environmental Requirements and Production Practices

Climate

Climate, chiefly temperature, is the most important factor affecting
the geographic distribution of commercial raspberry and blackberry
production.  Summer and winter temperatures can be either too hot or
too cold for successful berry production in many areas of the United
States.  

Raspberries and blackberries both need to have an extended period
during the winter with temperatures below 45o F before they can
resume normal growth in the spring.  The length of this period is
known as the “chilling requirement,” and varies with the cultivar and
species.  The ‘Latham’ red raspberry, for example, has a long
chilling requirement, at about 1,400 hours.  In contrast, the newly-
developed cultivar ‘Anita’ requires only 250 chilling hours.  Failure
to satisfy the chilling requirement results in reduced flower bud
growth in the spring and diminished yields.

However, extreme low temperatures may kill raspberry and blackberry
canes, basal buds, and even the entire plant.  In general, red
raspberries are more hardy (tolerant of low winter temperatures) than
are the black and purple cultivars.  Erect blackberries are more
hardy than the trailing types, and thorny cultivars are more hardy
than the thornless types.  Practical low temperature limits for red
raspberries are about -20o F; for purple raspberries, -10o F; for
black raspberries, -5o F; and for blackberries, 0o F.  Injury may
occur at higher temperatures if the canes are exposed to desiccating
winds or if the plants have been weakened by disease or other causes. 

Another type of cold damage occurs due to freezing temperatures at
blossom time.  Temperatures that are a few degrees below freezing at
or near the time of full bloom damage the blossoms and prevent fruit
set.  This type of injury is common in some areas among raspberries
and early-flowering blackberries.

Excessively warm summer temperatures also limit production.  Red
raspberries are especially susceptible to losses due to hot, dry
summers.  A combination of heat, bright sun, and low humidity can
reduce fruit size and cause sunburn damage on exposed fruit. 
Blackberries are better adapted to extreme heat than raspberries,
although they are not completely immune to injury.
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Soil

Brambles produce the highest yields on fertile, deep, well-drained
sandy loam or loam soils.  They can also be produced satisfactorily
on sandy soils, but require frequent irrigation and special efforts
to build up and maintain organic matter.  Poor bramble sites include
those having heavy, poorly-drained clay soils, those located over
high water tables, or those that are subject to flooding.  Raspberry
roots, in particular, lose their ability to resist the invasion of
root rot diseases in saturated soils and may suffocate from the lack
of oxygen during prolonged submersion.  Blackberries are more
tolerant of poor soil aeration than are raspberries, but they, too,
produce the highest yields on well-drained soils.  

Raspberries and blackberries should not be planted in fields that
have been used for strawberries, peppers, tomatoes, potatoes, or
eggplant during the past four or five years, as these plants may host
Verticillium wilt and the soil may still harbor the disease. 
Raspberries, in particular, are very susceptible to Verticillium
wilt.  Soils with a history of Phytophthora root rot or crown gall
also should be avoided as planting sites.   

Sites on rolling or flat land are better for bramble production than
valley bottoms.  Cold air, being heavier than warm air, settles to
low areas where localized low spring temperatures are likely to kill
the blossoms.  Southern slopes may make poor bramble sites because
they warm up first in the spring, which promotes early fruit bud
development.  Developed buds and blossoms are more vulnerable to
frost damage than those that are less developed. 

Irrigation and Water Supplies

Although summer rainfalls frequently provide adequate moisture for
good growth and high yields in temperate regions, occasional extended
dry spells can reduce yields substantially.  Raspberries and
blackberries obtain nearly all of their moisture from the top two
feet of the soil profile because this is the region of greatest root
development.  A moisture deficiency in this root zone from early
spring until harvest retards lateral root development and diminishes
fruit size.  

Primocanes also develop most rapidly between early spring and
harvest, and moisture deficiency over this period limits the number
of new canes that develop.  Primocanes that develop under drought
stress have smaller diameters and are less productive than those that
develop when moisture is adequate.

Irrigation enables growers to supplement rainfall as needed and
reduces the chances of yield loss due to drought.  Approximately two-
thirds of the U.S. raspberry acreage and three-quarters of the
blackberry acreage were irrigated in 1992 (Appendix tables 1 and 2).

The bulk of the irrigated bramble acreage is equipped with overhead
sprinklers (Crandall).  In addition to providing supplemental water
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during dry spells, overhead sprinklers can be used to keep blossoms
wet and stave off freeze damage at low temperatures.  Wetting the
blossoms keeps the temperature above the critical 29o F to 30o F
range where freeze damage is likely to occur.

Planting

Brambles may be planted either in the early spring or late fall. 
Spring planting (in March or April) is recommended in colder climates
to avoid winterkill among the young plants.  A light mulch in the
rows of fall-planted brambles will reduce plant losses due to
heaving, which is caused by the freezing and thawing of the soil over
the winter.  In milder climates, brambles can be successfully planted
in late October or early November, when the plants have entered
dormancy but before the soil freezes. 

Because the principal control for bramble diseases and viruses is to
avoid introducing infected plants into new plantings, new plants
should be certified disease-free.  Most major nurseries reportedly
follow propagation methods that insure producers receive disease- and
virus-free plants (Crandall).

Row Spacing

Rows are typically spaced 6-12 feet apart, depending on the size of
the equipment used by the grower.  Typically, rows are 2-3 feet wider
than the outside width of the widest machinery.  Blackberries are
usually spaced wider than raspberries because they tend to be more
vigorous and require more space.

A north-to-south row direction helps prevent sunburned fruit on the
south sides of rows during hot summer days and promotes uniform fruit
production on both sides of the rows.  As a practical matter,
however, rows are usually laid out to accommodate field shape.

Training and Pruning Systems

The canes of vigorous brambles grow too long to stand upright without
support.  The growth of black and purple raspberries and erect
blackberries is controlled by “tip pruning” (cutting the tops back)
during the summer.  Tip pruning the canes to 20-24 inches promotes
the development of strong, productive lateral branches and avoids the
need for supplemental support to keep the canes from falling to the
ground.

Red raspberries and semi-erect and trailing blackberries, however,
require some type of trellis to support their canes and fruit.  Two
basic types are in common use:  the narrow, upright I-trellis and the
wider, cross arm or T-trellis.  

Upright trellises consist of 1 or 2 wires strung on posts spaced down
the row.  Floricanes are tied to the wires, either individually or in
bunches.  Temporary training wires may be used to pull primocanes
into the row during the growing season to protect them from
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mechanical damage.  Present-day machine harvesters require that canes
be supported by an upright trellis system for mechanical harvesting. 
Upright trellises also can be used to support trailing and semi-erect
blackberries as well as red raspberries that are to be hand picked.

With the T-trellis, wires are strung along the ends of the cross
arms, forming a corral around the canes.  The canes can be tied to
the wires or held up by “weaving” the canes on the wires.  The T-
trellis accommodates a larger number of canes in the row than the
upright trellis and avoids the need to tie up the primocanes.  
Fertilization

Nitrogen is the major fertilizer requirement of brambles.  For
commercial plantings of red raspberries and blackberries, rates of
application range from 30 to 100 pounds of nitrogen per acre.  Black
and purple raspberries require lesser amounts.  Commercial growers
typically use trained observation, combined with soil and foliar
testing, to determine fertilizer needs.

Deficiencies of boron, iron, magnesium, manganese, and zinc may
reduce plant vigor and yields.  Such deficiencies can often be
diagnosed by leaf symptoms and confirmed by foliar analysis.  Foliar
sprays can be used to quickly correct such deficiencies and prevent
further symptoms on new growth.

Fall cover crops, such as oats, barley, winter rye, and annual
ryegrass, may be planted to use up excess nitrogen and soil moisture
in the fall.  This slows cane growth and promotes early maturation. 
Mature canes are more winter hardy than growing canes and, therefore,
less likely to suffer winter injury.
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Weed Control

Weeds are controlled in bramble plantings with the use of soil
cultivation, chemical pesticides, and maintenance of a permanent
cover crop.  The most typical approach consists of using either
mechanical cultivation or a permanent sod cover between the rows and
chemical herbicides within the rows.  

Harvesting

All berries destined for the fresh market are hand picked.  The
berries are picked directly into retail-size containers (pint or
half-pint boxes) in which they are to be marketed.  Pickers need
careful training and supervision to assure high-quality berries. 
Since the berries are picked directly into the retail containers, the
picker not only harvests the berries, but also grades them.  

Berries for the processing market may be either hand picked or
mechanically harvested.  With mechanical harvesting, harvesters move
through the field astraddle the rows, and rotary shakers knock the
berries from the canes onto conveyor belts.  The belts carry the
fruit past workers who sort out trash (leaves and stems) and cull
unwanted fruit. 

Mechanical harvesting costs less than hand picking, but results in
higher field losses.  Machine harvesting reportedly results in yields
that are 15-20 percent below those associated with hand picking.  In
addition, there is more physical damage to the fruit and greater
opportunity for contamination by rot organisms when machine
harvesting is used. 

Handling

Harvested bramble fruit are very fragile and require careful and
prompt handling.  Flats containing the retail containers are palleted
in the field to speed up the process and reduce the amount of
handling.  The flats are cooled promptly and kept cool until they
reach market in order to preserve quality.

Berries for processing may be handled in flats or in poly-lined 55-
gallon drums.  The care with which fruit for processing is handled
depends somewhat on its intended use.  Berries to be used for juice
may be handled in 55-gallon drums.  Those intended for IQF
(individually quick frozen) use or for freezing into block packages
are handled in 7-10 pound plastic flats.  As with fresh-market
berries, berries for processing are refrigerated as soon as possible
to prevent fruit rot and to maintain the fruit until processing. 

Processing
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Much of the fruit for the processing market is frozen in bulk
containers for institutional use or is reprocessed into jams,
jellies, preserves, pie filling, and yogurt.  Some fruit is combined
with sugar and used to fill retail packages.  The best quality, whole
fruit is preferred for IQF processing.  Over-ripe and lower-quality
fruit is usually destined for juice or wine.  A small quantity of
blackberries is canned for the retail market.

Marketing

More than 95 percent of the bramble fruit grown in Washington and
Oregon is sold for processing.  Although the usage breakdown between
fresh market and processing is not reported, California brambles are
grown mainly for the fresh market (Bettiga).  Berries may be diverted
to processing when fresh-market prices are low or if the berries are
of low quality.  Central California is an important fresh-market
strawberry area and shippers use the fresh-market infrastructure
developed for strawberries to handle and sell raspberries.  Although
statistics are not available for other states, the fresh market,
especially direct-to-consumer sales, reportedly accounts for the bulk
of marketings (Baker; Shane; Pritts).

Handling bramble fruit for the fresh market is a very specialized
business requiring careful attention to all aspects of harvesting,
handling, packaging, and shipping.  The shelf life of bramble berries
(the length of time the fruit remains in marketable condition after
harvest) is shorter than for most fresh fruits and vegetables.  Even
with the least perishable berries, the length of time from harvest to
market ranges from only a few days to a week or ten days at maximum,
depending on how carefully they are harvested and handled.

Because blackberries and raspberries are so perishable, direct market
outlets likely account for a larger share of fresh-market sales than
for most fruits and vegetables.  Pick-your-own operations, roadside
stands, and farmers' markets all move berries from producer to
consumer in a timely manner and with a minimum of handling.

Costs of Production

Cost of production budgets were located for raspberries in
California, Oregon, and Michigan and for blackberries in Oregon
(Table 9).  Detailed budgets are contained in Appendix B.
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Table 9--Bramble fruits: Costs of production                                                               
                                                                                                            

                                           Raspberries                                   Blackberries       
                 Santa Cruz County, CA    Oregon/Washington     Michigan                 Oregon (1988)       
  Item           (1987 fresh market)        (processing)     (pick-your-own)   Every-year   Alternate-year
                 Willamette1: Heritage2         1993              1988          production     production3

                                                                                                                  
                 ------------------------------------------Pounds-----------------------------------------

Yield (pounds)    6,000         6,000          6,000             4,200                 7,000      12,000

                 -------------------------------------Dollars per acre------------------------------------

Cash expenses:
 Cultural        2,256         2,323          1,456                676                 1,087       1,231
 Harvest         7,023         7,023            576                447                   980       1,680
 Total           9,279         9,346          2,032              1,123                 2,067       2,911

Ownership and
 overhead 
 costs           2,481           616          1,785                228                   607       1,147

Total costs     11,760         9,962          3,817              1,351                 2,674       4,058
                                                                                                            

 1 Summer bearing variety.  
 2 Primocane bearing variety. 
 3 Expenses are the total for the two-year production cycle.

Sources: Elkins and Tyler; Turner and others; Burt and others; Kelsey and others.
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The raspberry budgets for Santa Cruz County represent costs for
commercial fresh-market production.  Harvest expenses are relatively
high because costs include hand picking and the cost for containers
and flats.  The notable difference in ownership and overhead for the
‘Willamette’ and the ‘Heritage’ varieties is due to a lower net
establishment cost for ‘Heritage.’  Since ‘Heritage’ is a primocane
bearing variety, it produces a crop during its establishment year,
offsetting a portion of the establishment costs.  

The Oregon budget, which also is representative for Washington,
depicts costs for a commercial operation with at least 20 acres of
berries intended for processing.  Harvesting costs are considerably
lower than in California because of the lower expenses associated
with machine harvesting (including lower labor and packing material
costs).

The Michigan raspberry budget represents expenses for a 10-acre
planting.  The berries are intended for a pick-your-own market and,
therefore, the labor expense for harvesting is relatively small.

Two production systems are used for blackberries in Oregon: 1) every-
year production and 2) alternate-year production.  With every-year
production, berries are harvested annually.  With the alternate-year
system, berries are harvested every second year.  With this system,
all the canes (floricanes and primocanes) are removed at the end of
the harvest year and only primocanes grow during the following year. 
The every-year system produces more total production over a two-year
period.  However, the cost per pound of berries is lower with the
alternate-year system because yields are higher in the bearing year
and production costs average lower. 

Producer Organizations

The Oregon Raspberry and Blackberry Commission

The Oregon Raspberry and Blackberry Commission is a state marketing
order that supports research, promotion, and education for the Oregon
bramble industry.  Commission activities are supported through grower
assessments of 1 percent of the value of all bramble berries sold off
the farm.  Since the Commission assesses growers on the basis of
sales rather than the quantity of berries sold, it does not collect
production data for individual farmers (Schroder).  
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The Washington Red Raspberry Commission

The Washington Red Raspberry Commission is a quasi-state government
organization of commercial producers whose purpose is to support
research and promotion for the raspberry industry.  All Washington
growers selling over 6,000 pound of raspberries annually are assessed
½ cent a pound on all berries sold.  These assessments are used to
support the Commission’s activities (Seeger).  

Processors report each producer’s deliveries of berries to the
Commission.  These data could provide production histories for
growers of processed berries.  About half of the growers also submit
production reports to the Commission, which include information on
acreage harvested.  The processor-reported production statistics, in
combination with the grower-reported harvested acreage data, could
provide a basis for estimating actual production histories for
individual growers.

Production Perils

Winter injury reportedly is the most serious production peril for
both raspberries and blackberries.  An additional, frequently-cited
cause of yield loss among raspberries is root rot, which occurs when
the soil is excessively wet.  Excessive rains and excessive heat in
combination at harvest-time were cited as conditions that contribute
to diseases and quality degradation, especially among raspberries. 
Brambles are also subject to a number of other perils, such as hail,
wind, and various insect and disease pests.  

Winter Injury

Plants are said to suffer winter injury when low temperatures kill
fruit buds and damage or kill the canes and roots.  The severity of
damage depends on a number of factors, including the cultivar, the
condition of the plant when the low temperatures occur, and the
accompanying weather conditions.  Canes are most hardy and can
withstand cold temperatures most readily when they are fully dormant. 
They tend to be most vulnerable to winter damage when they are
actively growing, such as after breaking dormancy in the early
spring. 

Although raspberries are more tolerant of severe winter weather than
are blackberries, both species can incur winter injury due to extreme
cold.  In general, blackberries tend to be grown in areas with milder
winter temperatures.   

Raspberries and blackberries in the Pacific Northwest suffered
considerable winter damage to the 1996 crop because of low
temperatures during January and March.  The region had periods of
unseasonably warm temperatures that caused the canes to break
dormancy early.  These warm temperatures were followed by hard
freezes and accompanying winds (an “arctic express”) that killed a
large number of fruit buds and retarded growth of lateral shoots. 
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Some raspberry fields in Whatcom County, Washington, reportedly had
yield losses of 50 percent or more due to winter injury in that year
(McConnell).

Excessive Rain

Excessive rain causes yield losses in several different ways.  Fruit
rot is the most common problem associated with wet, rainy weather at
harvest-time (see the discussion of gray mold fruit rot in the
"diseases" section).  Root rot and plant drowning due to extended
flooding also can cause yield losses.  Consequently, growers may
discard all of the fruit ripening during extended rainy periods.  

Because of the highly contagious nature of gray mold rot, even fruit
that appears healthy may harbor the gray mold spores and is likely to
develop the disease after being harvested.  In some cases, growers
continue to harvest during wet weather, but drop the fruit to the
ground rather than collect it.  Then, after the weather clears, and
the conditions for gray mold no longer exist, growers again collect
the fruit.  One contact estimated that untimely rainy periods at
harvest can reduce yields by as much as 50 percent (McConnell).

Root rot (see the discussion of Phytophthora root rot in the
"diseases" section) associated with wet soils is particularly serious
among raspberries.  Root rot was reported as a source of reduced
yields in the Pacific Northwest during the 1996 season (McConnell;
Brun; Strik).

Brambles may be killed by extended flooding, which essentially kills
the plants' roots due to a lack of oxygen.  Raspberries are less
tolerant of flooding than blackberries.

Excessive Heat

Raspberries do not thrive under hot, dry conditions.  The combination
of heat, bright sun, and low humidity reduces fruit size and
production and causes sunburn damage on exposed fruit.  High
temperatures cause the berries to dehydrate on the canes as they
ripen.  This situation reduces both the quality and the quantity of
berries harvested.
  
In addition, excessive heat at, or near, harvest-time speeds up the
ripening process, reducing the length of the harvest period.  During
such times, growers may not be able to harvest the berries as fast as
they ripen, causing the fruit to become over-ripe and soft. 
Excessive heat at harvest-time is less of a problem with fall-bearing
raspberries than with summer-bearing types.  Fall-bearing raspberries
mature over a longer time period, and temperature extremes usually
occur prior to the harvest period.

Hail

Hail is not considered a serious production peril in the Pacific
Coast states.  Hail occurs less frequently on the West Coast than in
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the central and eastern United States.  In Texas, however, hail
storms occur frequently, and at times cause serious damage to
brambles (Baker). 

Wind

Cold, dry winter winds desiccate bramble canes and exacerbate damage
caused by extremely low temperatures.  Cold, windy weather was cited
as a cause of winter injury in the Pacific Northwest in 1996. 

Strong winds during the fall and winter can also cause cane breakage
in exposed fields, reducing the yield potential of the plants in the
following year.  Yield losses from cane breakage are, however, likely
to be relatively small.  

Sunburn

Hot, dry sunny conditions when the fruit is ripening can sunburn
berries exposed to the direct sun.  The individual drupelets on
sunburned berries shrivel and dry up, making the berry unsuitable for
commercial use.  Blackberries can withstand summer heat better than
raspberries, but they, too, can suffer yield and quality losses.  

Insects

Insect populations tend to increase in bramble plantings over time,
and are controlled with pesticide spray applications when they reach
an economic-threshold level.  The economic-threshold is the point at
which the value of yield losses exceeds the cost of control.  The
major insect pests in bramble production are the raspberry crown
borer, raspberry fruit worms, sap beetles, and Japanese beetles.

Raspberry Crown Borers--These insects attack all members of the Rubis
family.  The adult is a clear-winged, black and yellow moth which
lays its eggs on the lower leaves of the bramble plant in late
summer.  When the larvae hatch, they fall to the ground, where they
feed on the bark of the canes and eventually tunnel into the plant. 
Once in the crown and canes, they continue to feed for up to two
years before they pupate and become adults.  

The crown borer causes infected primocanes to wilt and die during
midsummer.  Because the insects infect individual canes, damage
develops gradually over time.  Further, because the borer feeds
inside the crown and canes, its damage is easy to overlook, or the
damage may be mistaken for a disease infection.  Control consists of
applying an insecticidal drench to the base of the plant after
harvest or in the spring, killing young larvae as they feed prior to
tunneling into the crown. 

Raspberry Fruit Worms--Raspberry fruit worms are most often found on
raspberries, although they sometimes also attack blackberries.  The
larvae tunnel into the receptacle of the fruit, causing the berries
to drop from the plant.  Alternatively, the larvae may remain in or
on the fruit at harvest-time.  In some plantings, more than half of
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the berries may be infested with larvae.  Berries arriving at the
fresh market or processing plant with a noticeable presence of worms
are likely to be rejected.  Raspberry fruit worms are controlled by
applying insecticidal sprays during the pre-bloom period or at the
green fruit stage.
  
Sap Beetles--Sap beetles, also known as picnic beetles, bore into
raspberries at picking time, eating portions of the fruit and  laying
eggs.  Such damage leaves the fruit undesirable for human
consumption.  Sap beetle damage can be so extensive in some plantings
that the fruit is unmarketable.  Sap beetles generally can be
controlled by removing damaged and discarded fruit from the field,
since these are the attractants which cause a build-up in beetle
populations.

Japanese Beetles--Adult Japanese beetles feed on the foliage,
blossoms, and ripe fruit of both raspberries and blackberries.  They
especially like ripe berries which are exposed to sunlight. 
Infestation can be so serious that the fruit is unmarketable.  The
feeding of Japanese beetles can be controlled with insecticide
applications.    

Weekly inspections of the berries are needed from the beginning of
harvest onward to monitor the potential for damage.  This is because
beetles can fly substantial distances from over-wintering sites (such
as pastures) to re-infest a planting. 
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Diseases

Diseases generally cause more serious damage to bramble plants than
do insects, and are also more difficult to control.  While insect
populations may be allowed to reach economically important levels
before they are controlled, successful disease control depends on
prevention.  The most damaging bramble diseases are root rot, crown
and root gall, Verticillium wilt, anthracnose, orange rust, gray mold
fruit rot, rosette, and numerous viral diseases.

Phytophthora Root Rot--This root rot is a soil-borne fungal disease
that attacks most red and purple raspberries cultivars, some black
raspberry cultivars, and blackberries.  It is most commonly
associated with heavy, wet soils, but is not limited to these
conditions.  Infections spread from infected plants to adjacent
plants and can kill entire sections of a planting.  

The initial symptoms are wilting and die-back of the terminal
portions of new primocanes during the early summer.  Infected
fruiting canes are frequently stunted, producing weak lateral shoots
with leaves that yellow prematurely or scorch along the margins and
between the veins.  The symptoms increase in severity over one or two
seasons and eventually the plant dies. 

The keys to control are planting on sites with good soil drainage and
avoiding soil contamination.  The fungi are often introduced by the
movement of contaminated soil from runoff water, farm equipment, or
symptomless nursery stock.  Since the fungus can be carried on either
the soil or on the plants, growers should plant only certified stock
from reliable nurseries which have no history of root rot.  Careful
machinery sanitation can also help prevent the introduction of
infected soil into a field.  New bramble plantings should be made on
sites where brambles have not been previously grown in order to
minimize the risk of infecting new plants.

Crown and Root Gall--Crown and root gall is a soil-borne bacterial
disease that infects bramble plants, causing tumor-like masses on the
roots, crowns, and canes.  Galls are most often found on the roots
and crowns of raspberries and on the canes of blackberries. 
Infections result in poor stands, weak growth, and lowered yields.  

The best control is to prevent the introduction of infections into
the field by planting gall-free stock.  No effective methods exist
for eradication once the plants and soil become infected.
 
Verticillium Wilt--Verticillium wilt is a fungal disease that
severely damages black raspberries and, to a lesser extent, purple
and red raspberries.  Blackberries are also susceptible to the
disease, but seldom suffer severe losses.  Infected primocanes turn
pale green or yellow during the summer and then appear to recover in
the fall.  The following spring, however, infected canes turn yellow,
wilt, and die.  After two or three seasons, the entire plant dies.  
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There is no cure for Verticillium wilt once infection occurs. 
Disease-free plants should be selected from a reliable nursery and
planted in disease-free soil.  Raspberries should not be planted in
soils that have grown Verticillium-susceptible crops in the previous
four to five years, including tomatoes, potatoes, peppers, and
eggplants.  

Anthracnose--Anthracnose is one of the most widespread fungal
diseases affecting brambles in the United States.  It is most
destructive on black and purple raspberries, but also infects red
raspberries and blackberries.  Losses occur from defoliation, general
stunting and decline in cane vigor, reductions in fruit yield and
quality, and death of the canes.  Infections are spread from old
canes to new canes by spores carried by insects, splashing rain
water, or wind.

Anthracnose thrives under cool, moist conditions and is difficult to
control.  Control begins with the planting of disease-free stock. 
Growers should follow strict sanitation practices to remove sources
of the inoculum.  In addition, production practices that promote good
air movement within the planting can help prevent infections.

Orange Rust--Orange rust is a fungal disease that attacks most
blackberries and both black and purple raspberries.  Most red
raspberries are resistant to the disease.  The undersides of infected
leaves develop blister-like pustules which turn powdery and bright
orange.  This bright orange, rusty appearance is what gives the
disease its name.  Infected plants normally do not die from the
disease, but are weakened and produce little or no fruit.

The main control is to use resistant varieties.  Destroying infected
plants as soon as they show symptoms of infection in the spring helps
reduce the spread of the disease to healthy plants.

Gray Mold Fruit Rot--This fruit rot is caused by the fungus Botrytis
cinerea, and is the most widespread, costly disease that attacks
brambles.  Red raspberries are more susceptible than black
raspberries and blackberries, but gray mold can reduce the shelf life
of all bramble fruit.  Infected fruit deteriorates rapidly, becoming
watery and soft.  

Prolonged rainy periods just prior to or during harvest can be
potentially disastrous, creating ideal conditions for gray mold
infections to develop.  The spores that cause infection are nearly
always present and infect ripe fruit and blossoms when moisture and
temperature conditions are right.  

Infected fruit is not suitable for shipment to fresh-market
destinations as its shelf life is very limited.  A good fungicidal
spray program can help in controlling gray mold and other fruit rot
diseases.

Rosette--Rosette, or double blossom, is a fungal disease of
blackberries in the central and southern parts of the United States. 
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It is commonly found on erect blackberries and causes reduced yields,
poor fruit quality, and death of the canes.  The bloom is delayed in
infected plants and the flowers are wrinkled, twisted, pinkish, and
resemble double blossoms.  Infected flowers either fail to set fruit
or produce small, abnormal fruit.

Planting resistant cultivars helps control rosette in regions where
it is a problem.  Removing infected canes and applying fungicides at
weekly intervals during blossoming also provides a measure of
control.

Viral Diseases--Numerous viral diseases infect brambles.  Black and
purple raspberries are more seriously damaged than are either red
raspberries or blackberries.  Viral infections in raspberries
reportedly can reduce fruit yields by 70 percent or more (Funt and
others).  Individual cultivars vary widely in susceptibility. 
Once established, it is impossible to eliminate most viruses from
infected plants.  The only control methods involve isolating healthy
plants from sources of infection or eliminating the vector that
transmits the virus from one plant to another.  As a result, it is
very important to use virus-free planting stock when establishing a
new field.  

Since black raspberries are very susceptible to damage, while many
red raspberry cultivars can thrive with few or no symptoms, it is
recommended that new black raspberry plantings be separated from red
raspberries by at least 600 feet.  This distance reduces the chances
of insects, especially aphids, transmitting an infection from virus-
tolerant red raspberries to virus-susceptible black raspberries.

Birds and Mammal Rodents

Fruit losses due to the feeding of birds and mammals on bramble fruit
generally represents a minor nuisance.  Some birds eat ripe berries,
but the amount of fruit lost usually represents only a minuscule
percentage of the total yield.  

Deer were reported as a bramble pest in east Texas, where they forage
on blackberry canes.  Some growers in Texas build deer-proof fences
around their plantings to protect blackberry plants (Baker).  

State Analyses

California

The Census of Agriculture reported 266 California farms with 1,428
harvested acres of raspberries in 1992.  In addition, 134 farms
reported 410 harvested acres of blackberries and 116 farms reported
269 harvested acres of boysenberries.  The farm value of bramble
production in California was about $25 million in 1995 (USDA, NASS). 

The bulk of California’s raspberries and blackberries are located in
coastal valleys, where the ocean climate moderates summer
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temperatures (Appendix table 9).  The largest acreage is in Santa
Cruz County.  Commercial brambles are also produced in San Luis
Obispo, Santa Clara, and Monterey counties.  Summer temperatures in
the interior valleys are too hot for raspberries.  

In addition to commercial production, a number of farms located
throughout the state have small bramble plantings.  The output from
these plantings is intended for local direct market outlets, such as
farmers’ markets and roadside stands.  Some brambles are also grown
on U-pick operations.  California’s boysenberry production is located
in the San Joaquin Valley, notably in Fresno, Merced, San Joaquin,
and Stanislaus counties. 

California’s commercial raspberry and blackberry production is
destined for the fresh market.  Virtually all commercial output is
located in areas that also produce fresh-market strawberries, with
shippers using their strawberry facilities for handling and selling
bramble berries.  A number of California’s raspberry growers also
produce strawberries.  

Although California’s bramble fruits are grown for the fresh market,
at times net returns from the fresh market fall below those for
processing.  At such times, producers may sell their bramble fruits
for processing (Bettiga).   

The expected life of bramble plantings in California is 4 to 6 years,
somewhat less that the 15 years reported in Washington and Oregon. 
This short life span is because fungal diseases and viruses reduce
plant vigor sooner in California than in Oregon and Washington.  Some
growers in California are experimenting with an 18-month planting
cycle, in which the plants are harvested for only one season and then
replaced (Bettiga).

The most serious production peril for California producers is
excessive rain during the winter and spring, which causes plant
losses from root rot (Bettiga).  Currently, growers are keenly aware
of the potential for losses from excessive rain because of extensive
flooding in the central coast area of California during the spring of
1995.  Some growers lost up to 75 percent of their plants in the
first year following this flooding.  These losses were caused by
plant drownings and root rot infections.  Root rot infections tend to
be more serious among raspberries than among blackberries.

Gray mold, the most serious raspberry disease in the U.S., is usually
not a problem in California because the climate tends to be
relatively dry during harvest-time.  Most of the rain occurs during
late fall, winter, and early spring, when raspberries are in their
dormant phase.  

Sunburn is a second source of yield loss among bramble fruits in
California.  In extreme cases, losses can be as high as 50-70 percent
of the normal raspberry yield (Bettiga).  
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In contrast, hail is a minimal peril.  California has few hail storms
and yield losses due to hail are judged to be relatively light
(Bettiga).

There is likely to be some interest in bramble insurance among
California growers, especially following their experience with losses
due to flooding in 1995.  The University of California farm advisor
for bramble fruits in Monterey County indicated that several growers
had expressed frustration in not having crop insurance during the
1995 floods (Bettiga).   

However, there appears to be limited potential for a crop insurance
policy in California because of the relatively small value of the
crop--$25 million in 1995.  In fact, the insurable value is likely to
be substantially less than this amount.  The reason is that most of
California’s bramble fruits are sold for the fresh market, and the
reported value of fresh-market berries embodies the costs associated
with hand harvesting and with marketing, including the costs of boxes
and cartons.  Harvesting and marketing expenses accounted for 60 to
70 percent of the total cost of producing raspberries in California
in 1987 (Table 9).  
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Oregon

Oregon is the number-one producing state for both blackberries and
black raspberries.  It ranks number two in red raspberry production,
behind Washington.  Oregon’s bramble production is  concentrated in
five or six counties in the northern Willamette Valley (Appendix
tables 10-15).

The Census of Agriculture reported 492 farms with 5,353 acres of
raspberries (all types) in Oregon in 1992.  Oregon produced 18.5
million pounds of red raspberries in 1995 and 2.6 million pounds of
black raspberries.  In addition, Oregon produced 37.5 million pounds
of blackberries, 4.8 million pounds of boysenberries, and 0.3 million
pounds of loganberries.  The farm value of production for these five
crops totaled $40.6 million in 1995.

Growers typically produce both raspberries and blackberries, and  at
times, other crops such as strawberries, vegetables, wheat, and grass
seed (Strik; Brewster).  Smaller producers tend to specialize in
brambles, while farms with larger bramble acreages tend to be more
diversified.  Commercial plantings usually range from 5 to 150 acres
in size, although 20-25 acres is typical. 

A number of smaller bramble producers (those with 5-10 acres) are
part-time farmers, having income from off-farm employment in addition
to the sale of berries (Brewster).  These small growers commonly run
low-cash-outlay operations, relying on family labor for cultivation
and harvesting.  Small operations may hire a custom harvester for the
main pickings and hand pick the later- maturing berries using family
labor.

The most serious production perils among raspberries in Oregon are
root rot and winter injury (Strik).  Root rot tends to affect
raspberries, and is usually not a problem with blackberries.  In
contrast, winter injury is more damaging among blackberries than
among raspberries.  

The Willamette Valley occasionally has an unusually wet spring which
keeps the soils saturated for long periods.  During such periods,
root rot may develop in raspberry plantings, diminishing vigor and
reducing yields.  Some growers apply fungicides to the soil in an
attempt to control root rot, reportedly with varying degrees of
success.

Blackberries are grown under two different production systems in
Oregon: 1) bearing every year, and 2) bearing in alternate years. 
Under the alternate-year system, the plants yield more berries per
crop, but produce only one crop every two years.  Consequently, the
alternate-year system results in only about 85 percent as many
berries over a two-year period as the every-year method.  Total costs
under the alternate-year system, however, are only about 75 percent
as much as with the every-year system. 
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The alternate-year system provides growers with a measure of
flexibility in dealing with winter damage.  If their blackberries
suffer severe injury, growers can remove the floricanes in the spring
and skip that year’s harvest.  New primocanes grow during the summer
and the producer harvests a larger crop the following season.  As a
result, an insurance policy would need to acknowledge that yield
prospects for the season following winter damage are enhanced if
growers skip a year’s harvest. 

As in California, Oregon bramble producers will likely have moderate
interest in purchasing insurance.  The most significant production
perils are root rot among raspberries and winter damage among
blackberries.  With raspberries, however, yield losses usually
represent a small portion of the potential yield and, in most cases,
would not likely reach the 25-percent loss threshold required to
trigger payments.  With blackberries, growers can switch to an
alternate-year harvesting system when their plants are damaged by
cold temperatures and recoup part of their losses by harvesting a
larger yield the following season. 

The small amount of disaster assistance paid to Oregon bramble
producers relative to their acreage suggests that growers incur
relatively minor yield losses.  Disaster payments for Oregon
raspberries accounted for about 6.5 percent of the U.S. total over
the 1988-94 period ($318,000), while the state had 34 percent of U.S.
harvested acreage.  For blackberries, disaster payments totaled
$401,000 over the six-year period, nearly 17 percent of the U.S.
total, while Oregon accounted for 65 percent of U.S. harvested
blackberry acreage. 

Even so, the potential for bramble insurance exists in Oregon.  For
some of the larger, commercial-size operations, a severe yield loss
represents a substantial financial setback to the farming operation. 
Crop insurance could serve as an important risk management technique
on such farms.

Texas

Blackberries are the major bramble crop in Texas.  The 1992 Census
reported that 350 Texas farms harvested 478,000 pounds of
blackberries from 320 acres.  The extension horticulturist in
Overton, Texas, estimates that blackberry acreage was much higher
than this in 1996, with perhaps as many as 800 acres in 20 eastern
Texas counties and another 200-300 acres in central Texas (Baker). 
The blackberry acreage in east Texas has risen sharply in recent
years as several new, disease-resistant varieties have become
available.  

The farm value of Texas blackberries is estimated at about $1-2
million annually.  This estimate is based on the assumptions of 1,000
acres of berries yielding 1,500 pounds an acre, and selling for an
average of $1.00 a pound.
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The Census also reports 26 Texas farms harvesting 17 acres of
raspberries in 1992.  Texas Extension Service personnel indicate that
acreage has increased somewhat in recent years with the introduction
of a new, heat-tolerant variety named ‘Dorman Red.’ 

About one-half of the east Texas blackberry acreage is irrigated. 
Irrigation provides protection against drought, but little or no
protection against freeze damage.  Plants are not protected from
freeze damage because growers use a drip emitter system that does not
wet the plants. 

Blackberries in Texas are grown almost exclusively for the fresh
market, and a high proportion of the crop is sold through direct
marketing outlets.  East Texas is near several major population
centers (including Dallas-Fort Worth, Austin, Houston, and San
Antonio) that serve as a source of demand for roadside stands,
farmers’ markets, and U-pick operations.  A small percentage of Texas
blackberries are also sold for processing into specialty jellies and
jams.  

Blackberries are commonly retailed in covered ½ pint containers. 
Prices range from $14-$22 per flat, containing 12 half-pints.  U-pick
operations typically charge $4-$6 per gallon, or about 70 cents a
pint. 

Most blackberry plantings in Texas cover 1 to 5 acres.  With the
adoption of the newer disease-resistant varieties, however, a few
larger plantings (30-50 acres) have been established (Baker). 
Typically, farms with blackberries also grow other horticultural
crops, including peaches, blueberries, raspberries, and a number of
vegetables.  This diversification allows growers to offer a mix of
produce to their direct-market customers.  Diversification also
provides a measure of risk protection against crop failure.

The most serious perils in Texas include freezing temperatures during
the spring bloom period, hail damage, and drought (Baker).  Usually,
winter temperatures in east Texas do not fall low enough to damage
the blackberry canes.  However, late spring freezes frequently occur
while blackberries are in bloom, killing the blossom buds.  

Hail frequently occurs in Texas and can cause varying degrees of
damage.  Severe hail shreds the blackberry leaves, bruises the
immature berries, and can destroy the mature fruit.

Drought damage can also affect yields.  Extreme dryness during the
spring and early summer reduces the size of the berries, lowering
current-year yields.  In addition, dry conditions during the summer
and fall can diminish the subsequent season’s yield potential by
reducing the number and vigor of the primocanes (the new canes)
produced by the plants.  

Some of the larger bramble growers in Texas would likely purchase
bramble insurance beyond the catastrophic (CAT) level, as yield
losses can cause substantial financial setbacks.  Nevertheless, there
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is only a limited potential for bramble crop insurance in Texas
because of the modest acreage and the associated low crop value. 
Blackberries are the most significant bramble crop, with a crop value
estimated at less than $2 million annually.  In addition,
diversification with other fruit and vegetable crops and off-farm
employment serve somewhat as a risk management tool for bramble
growers.  

Washington

Red raspberries are the only bramble crop of significance in
Washington.  The Census reported more than 5,000 acres of red
raspberries for the state in 1992, but only 6 acres each of
boysenberries and loganberries.  Neither the Census nor USDA report
production of blackberries other than boysenberries and loganberries
in Washington. 

Washington is the major U.S. red raspberry state, producing 52.5
million pounds from 5,900 acres in 1995.  The farm value of the crop
was $35 million.  Washington’s red raspberry acreage rose sharply
between 1985 and 1995, likely the result of high world prices for
frozen raspberries.  USDA did not report black raspberry production
for Washington after 1988, but at that time, the state produced only
about 100,000 pounds annually.  

Two-thirds of Washington’s raspberries are located in Whatcom County
in northwest Washington.  Whatcom County’s advantage in producing red
raspberries stems from its cool summers, moderate winters, and deep,
well-drained soils (McConnell).   

Clark and Cowlitz counties in southern Washington also produce
raspberries, with Clark County having the larger acreage.  Clark
County reportedly had about 30 commercial producers and about 1,100
acres of raspberries in 1996 (Starbuck; Brun).  About 95 percent of
Clark County’s raspberries are destined for processing and 80 percent
are machine harvested.  The berries are planted on land that has been
drained to lower the water table to at least three feet below the
surface.  Nevertheless, some Clark County plantings experienced a
high incidence of root rot in 1996, following prolonged flooding that
spring. 

Ninety-eight percent of the state’s raspberries were processed in
1995.  Most of the remaining production is sold fresh to local
markets.  Only a few Washington producers are equipped to handle and
sell raspberries in the national fresh market.  Those who do so
usually handle raspberries along with other berries, including 
strawberries and blackberries.

The Census reported 359 farms in Washington with raspberries in 1992. 
Relatively few of these, however, account for the bulk of production. 
The “commercial” producers in Whatcom County have holdings ranging
from 20-25 acres to 500 or more acres.  Growers reportedly need at
least 20-25 acres to justify the investment in a mechanical
harvesting machine (McConnell).  Those with fewer than 20 acres
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likely hand pick their berries or have them custom harvested.  Some
small producers sell in the local fresh market. 

‘Meeker’ is the dominant variety grown in Whatcom County, having
replaced ‘Willamette’ as the most widely-grown cultivar.  A small
amount of acreage is planted with the ‘Tulameen’ and ‘Chilliwack’
varieties.

The most damaging production peril in Whatcom County is winter damage
(Carkner; McConnell).  Winter damage occurs when cold, dry winds
desiccate the dormant canes, killing buds and, at times, entire
canes.  Winter damage is limited to the subsequent season as the
raspberry roots remain unharmed by the cold weather and produce a
normal growth of primocanes the following summer.  Winter damage
reportedly can reduce yields 50 percent or more below normal in hard-
hit fields, and was a significant cause of  loss in the winter of
1995/96. 

Excessive rain is cited as the second-most-likely cause of yield loss
in Washington.  Too much rain at harvest-time can result in
uncontrolled outbreaks of gray mold fruit rot.  During gray mold
outbreaks, growers usually continue the harvest process, but shake
the fruit to the ground rather than collect the berries.  When
subsequent dry weather reduces the incidence of gray mold infection,
growers again collect the ripe fruit.  Because gray mold outbreaks do
not usually last for the entire harvest period, the entire crop is
not likely to be lost.  If the infection begins early in the season,
up to 50 percent of the crop may be lost.  This would, however,
represent an extreme situation (McConnell). 

A second source of loss associated with excessive rain occurs when
plants die due to root rot infections.  Root rot problems are most
prevalent on poorly drained soils.  Raspberry production has been
unusually profitable in the past several years, and some growers
have, as a consequence, planted berries on poorly drained soils where
root rot problems are more likely to occur.

Disaster assistance data indicate that Washington has experienced a
relatively low incidence of sizeable yield losses.  Between 1988 and
1994, disaster payments for raspberries totaled $374,000 in
Washington, about 8 percent of the U.S. total.  In comparison, the
state accounted for 33 percent of U.S. harvested acreage. 

Washington has potential for bramble crop insurance, particularly for
raspberries, because of the large acreage and high value of
production.  In addition, a number of growers in Washington are
sufficiently specialized in bramble production that yield losses
represent a severe financial setback to their farming operations. 
Such growers would likely purchase bramble insurance beyond the
catastrophic level to protect themselves against large financial
losses.

Midwestern and Northeastern Raspberries



     4 The share of acreage for those states reporting disaster
payments is based on Census harvested area in 1992.  The share of
disaster payments is for 1988-94.
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The largest raspberry acreage outside the Pacific Coast states is in
Michigan, New York, Wisconsin, Pennsylvania, and Minnesota.   Most of
the raspberries in these states are in small plantings of five or
fewer acres.  The berries are sold through U-Pick operations,
roadside stands, or other direct market outlets, with a few marketed
through local grocery stores.  There are a few “larger” growers (with
5 acres or more) in southwest Michigan who sell to a local jam
processor. 

Midwestern and Northeastern growers produce a mix of summer-bearing
and primocane or fall-bearing varieties in order to extend their
marketing season.  One contact estimated that about two-thirds of the
raspberries in New York are the summer-bearing type and one-third are
fall-bearing (Pritts).  In Michigan, the fall-bearing ‘Heritage’
variety accounts for the majority of the acreage (Hanson).  By
growing both summer-bearers and fall-bearers, the marketing season
can be extended over several months.  Producers usually grow
raspberries along with a mix of other fruits and vegetables
(strawberries, sweet corn, pumpkins, tomatoes, and other crops) so
that they can offer a variety of products for their customers.  

The most serious production perils include extremely low winter
temperatures and extended periods of rainy weather at harvest-time
(Pritts; Shane).  Unless the raspberry canes are protected by a deep
snow cover, extremely low temperatures, especially if accompanied by
dry winds, may kill dormant flower buds and may even kill the canes. 
This winter damage is only a problem with the summer-bearing
raspberries, as the canes of the fall-bearers can be removed before
winter and, therefore, are not exposed to the winter cold.

Extended periods of warm, wet weather, especially during the bloom
period and just prior to harvest, may lead to uncontrolled gray mold
outbreaks.  Gray mold infects the blossoms and young fruit, and can
spread quickly to healthy berries during wet weather.  Because fall-
bearing raspberries bloom and mature over a longer period, gray mold
is usually less serious than for the summer-bearers.  After the
weather becomes drier, fall-bearing varieties produce healthy fruit
from new blossoms that are not infected with mold.  Because of the
short harvest period, an infection at harvest-time among summer-
bearing varieties may destroy a large part of the crop.  

Midwestern and Northeastern bramble producers have some of the
highest yield losses in the country.  With only 4.2 percent of the
raspberry acreage, Michigan growers collected 36.8 percent of the
disaster assistance payments made for raspberries over the 1988-94
period.4  Other states collecting disproportionately large disaster
assistance payments, such as Illinois, Indiana, Minnesota, New
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Jersey, New York, and Pennsylvania, also are located in the Midwest
and Northeast.

Southern States (Blackberries)

Small plantings of red raspberries and blackberries are scattered
throughout the South, although most raspberry cultivars are not well-
adapted to hot summers and warm winters.  Several erect types of
blackberries have been bred specifically for Arkansas, Oklahoma, and
Texas, and do well in those locations.  The largest concentration of
acreage in the South is in Texas (see the "Texas" section).  Most
bramble production in the South is sold locally for the fresh market. 

Ad Hoc Disaster Assistance for Brambles

Ad hoc disaster payments were made available to raspberry and
blackberry growers for losses due to natural causes in each of the
years 1988 to 1994.  Since raspberries and blackberries were not
eligible for crop insurance in those years, producers were required
to realize a yield loss of at least 40 percent in order to be
eligible for ad hoc disaster payments.

Data on ad hoc disaster payments provide an indication of potential
high-loss areas.  The states and counties with large ad hoc payments
from 1988 to 1994 are most likely to face a relatively high risk of
loss under a potential Risk Management Agency policy for brambles,
and would likely have a relatively high demand for crop insurance.

Disaster assistance payments for raspberry losses totaled $4.9
million over the 1988-94 period (Table 10).  The largest payments
were made to Michigan growers, who received nearly 37 percent of
total U.S. payments over the six-year period.  These payments were
due primarily to drought, cold damage, and extreme heat and extended
rains during harvest.  They were large compared to the state's 4
percent of U.S. acreage.  Payments to raspberry growers in Oregon and
Washington were relatively low, (at 6 and 8 percent of the U.S.
total, respectively), particularly when compared with their share of
U.S. harvested acreage (with each state accounting for about one-
third of the U.S. total). 

Over the 1988-94 period, payments for blackberry losses totaled $2.4
million (Table 11).  States receiving a disproportionate share of
payments relative to their acreage include Tennessee (receiving 20
percent of the total), Arkansas (12 percent), and Mississippi (8
percent).  These states each accounted for 1-3 percent of U.S.
blackberry acreage in 1992.  In contrast, Oregon received nearly 17
percent of the U.S. disaster payments over the period, but accounted
for about 65 percent of the U.S. blackberry acreage.

Insurance Implementation Issues
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Demand for Insurance

The greatest interest among growers in bramble crop insurance is
likely to arise in the north central and northeastern United States,
where growers frequently incur large yield losses.  This is indicated
by ad hoc disaster assistance data for states such as Michigan,
Minnesota, New York, and New Jersey, which received
disproportionately large shares of total U.S. payments over the 1988-
94 period.  Growers in these states have relatively large yield
losses due to weather-related perils, and crop insurance could be an
important risk management tool for them.

The potential for crop insurance in these states is limited, however,
because of the small amount of acreage and low value of production. 
Michigan, the largest bramble producer outside the Pacific Coast
states, reported only 667 acres of raspberries and 63 acres of
blackberries in 1992 and less then 1 million pounds of bramble fruit
output.  Other Midwestern and Northeastern states reported
substantially less acreage in 1992.
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Table 10--Disaster assistance payments for raspberries, 1988-94
                                                                           
                                                    Total          Share
                      Acreage         Share        disaster        of U.S.
   State             harvested,       of U.S.      payments,      disaster
                        1992          acreage1       1988-94       payments
                                                                           
                       Acres          Percent        $1,000        Percent

Arkansas        18 0.1 17.1 0.35
California     1,428 9.0 53.8 1.10
Colorado       62 0.4 4.5 0.09
Connecticut    76 0.5 21.1 0.43
Georgia        8 0.1 19.0 0.39
Idaho          80 0.5 7.5 0.15
Illinois       101 0.6 201.3 4.10
Indiana        93 0.5 100.6 2.05
Iowa           53 0.3 29.4 0.60
Kansas         6 * 4.1 0.08
Kentucky       20 0.1 7.1 0.15
Maine          116 0.7 40.8 0.83
Maryland       70 0.4 17.1 0.35
Massachusetts  140 0.9 47.9 0.98
Michigan       667 4.2 1,807.4 36.80
Minnesota      222 1.4 358.8 7.31
Missouri       48 0.3 18.8 0.38
Nebraska       28 0.2 6.2 0.13
New Hampshire  96 0.6 8.1 0.17
New Jersey     118 0.7 190.1 3.87
New York       472 3.0 291.8 5.94
North Carolina 30 0.2 6.4 0.13
North Dakota   11 0.1 5.3 0.11
Ohio           370 2.3 189.9 3.87
Oregon         5,353 33.9 317.9 6.47
Pennsylvania   240 1.5 229.0 4.66
South Dakota   7 * 14.6 0.30
Tennessee      25 0.2 6.3 0.13
Texas          17 0.1 11.2 0.23
Utah           135 0.9 32.5 0.66
Vermont        54 0.3 8.7 0.18
Virginia       44 0.2 9.1 0.19
Washington     5,283 33.4 373.7 7.61
West Virginia  29 0.2 16.0 0.33
Wisconsin 277 1.8 437.3 0.91

35 states      15,797 100.8 4,910.7 100.0

* less than 0.05 percent.  1 May not add due to rounding.

Sources: Department of Commerce, Bureau of the Census and FSA data files,
compiled by the General Accounting Office.
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Table 11--Disaster assistance payments for blackberries, 1988-94
                                                                                         

                                                                Total           Share
                                  Acreage         Share        disaster        of U.S.
     State                       harvested,      of U.S.       payments,       disaster
                                    1992         acreage       1988-94         payments
                                                                                         
                 
                                    Acres        Percent        $1,000         Percent  

Alabama          89 1.3 40.4 1.7
Arkansas        68 1.0    294.0 12.1
California      410 6.0 34.4 1.4
Colorado        na na 0.3 *
Georgia         77 1.1 4.9 0.2
Idaho           7 0.1      0.1 *
Illinois        64 0.9 114.6 4.7
Indiana         22 0.3 40.3 1.7
Iowa            5 0.1 1.5 0.1
Kansas          10 0.1 8.1 0.3
Kentucky        79 1.2 35.9 1.5
Louisiana 54 0.8 36.1 1.5
Michigan        63 0.9 112.6 4.6
Mississippi 70 1.0 193.6 8.0
Missouri        130 1.9 134.7 5.6
New Hampshire   2 * 1.3 0.1
New Jersey      38 0.6 7.9 0.3
New Mexico 2 * 0.7 *
New York        29 0.4 2.5 0.1
North Carolina  111 1.6 10.8 0.4
Ohio            85 1.2 23.2 1.0
Oklahoma 111 1.6 113.7 4.7
Oregon          4,442 64.9 401.4 16.5
Pennsylvania    40 0.6 13.3 0.5
South Carolina   75 1.1 46.2 1.9
Tennessee       178 2.6 485.9 20.0
Texas           320 4.7 209.2 8.6
Virginia        97 1.4 26.6 1.1
Washington      120 1.8 29.1 1.2
West Virginia   19 0.3 2.7 0.1
Wisconsin 25 0.4 0.1 *
31 states       6,842 100.0 2,426.0 100.0

     

* less than 0.05 percent.  na = not available.  
Source: Department of Commerce, Bureau of the Census and FSA data files, compiled by 
the General Accounting Office.
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Because of their large commercial acreage, the greatest potential for
bramble crop insurance exists in California, Oregon, and Washington. 
For some of the larger, commercial-size operations, a severe yield
loss represents a substantial financial setback to the farming
operation.  Crop insurance could serve as an important risk
management technique on such farms.

Some growers in Washington have indicated an interest in bramble
insurance.  The Farm Service Agencies in Clark and Whatcom counties,
for example, report that they have received requests for raspberry
insurance and that growers have asked about the availability of such
insurance (Jaquish; Starbuck).  Production perils were of particular
concern in 1996, when substantial crop losses occurred due to winter
damage.  In addition, some growers in Clark County, Washington, lost
raspberry plants due to flooding in 1996.

The Marion County, Oregon, Farm Service Agency Executive Director
indicated that he had not received any requests for crop insurance
for brambles (Brewster).  However, he thought that if insurance were
available some producers, especially the largest ones, would purchase
it because “brambles are a high-risk crop.”

The extension farm advisor for brambles in Monterey and Santa Cruz
counties in California indicated that several growers had expressed
frustration that they did not have crop insurance available during
flooding in the spring of 1995.  Unusual flooding along the central
California coast caused severe damage to a wide range of crops in
1995.

Adverse Selection

A major source of loss among raspberries planted on poorly-drained
soils is the debilitation and death of plants due to flooding and
root rot infections.  Consequently, the soil type and its elevation
relative to potential flood waters play an important role in
determining the chances of yield losses.  Several contacts indicated
that “new” growers sometimes plant raspberries on heavy, poorly-
drained soils, and that the probability of losses due to flooding and
root rot are higher among these plantings than among plantings on
better sites.  Growers planting raspberries on heavy, poorly-drained
soils, and whose premium rates are not adjusted accordingly, are
likely to expect higher returns from crop insurance than growers with
more desirable planting sites.  Therefore, such growers may be more
likely to purchase insurance.

Adverse selection may also exist in situations where drought damage
to brambles during the summer weakens the plants and diminishes the
number of primocanes.  Growers may be more likely to purchase crop
insurance for the following year when their plants have been weakened
by summer drought.  They may reason that their chances of a crop
failure rise due to the weakened plants.  This situation would occur
most frequently in drought-prone areas where brambles are not
irrigated.  Summer drought damage was cited as a production peril
among blackberries in Texas.  
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Reference Prices

The state agricultural statistics services in Washington and Oregon
report state average prices received by farmers for fresh-market and
processing raspberries.  The Oregon Agricultural Statistics Service
also reports average fresh-market and processing prices for
blackberries (including prices for loganberries and boysenberries). 
The price reported in California is an all-raspberry price and
represents returns for fresh-market and processing berries.  Since
the bulk of California’s sales are for the fresh market, the all-
raspberry price more closely represents a fresh-market price than a
processing-berry price.

Fresh-market berry prices tend to run higher than the prices for
processing berries because they embody returns for services and
supplies (including packing, grading, selling, and containers) not
embedded in the returns for processing berries.  In addition,
harvesting expenses for fresh market berries exceed those for
processing berries because of the need for hand picking.  Hand
picking expenses run substantially higher than machine harvesting
costs.  

The average prices reported by the agricultural statistics services
represent a reasonable basis for setting price elections.  Because
berry prices embody returns for a substantial amount of harvesting
and marketing expenses, the in-field value of production is, however,
substantially less than indicated by reported market prices.

Estimating “Appraised Production” 

Appraised production refers to output that is not destroyed by an
insurable peril.  As with a number of crops, estimating appraised
production for brambles will require a great amount of subjective
judgment on the part of the insurance adjuster, particularly
regarding whether production went unharvested because of damage by an
insurable peril or because of market conditions.  

One example is the case where gray mold fruit rot infects the
berries.  Occasionally, growers discard all of the fruit maturing
during a gray mold outbreak, regardless of whether or not the
individual berries are infected.  This is more likely to happen
during periods of low market prices, when the cost of separating
infected berries from healthy berries exceeds the returns for the
harvested fruit.  Whether or not the production losses are due to
gray mold or to low market returns is a subjective judgment which the
insurance adjusters would have to make.

A second example where insurance adjusters would be faced with making
a subjective judgment is when growers remove the canes in the spring
following winter damage.  In such situations, the grower incurs a
complete yield loss in the current season, but may expect a larger
than normal crop in the subsequent season. 

Moral Hazard
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Moral hazard occurs when a grower intentionally (either through
neglect or overt actions) contributes to causing a yield loss. 
Generally, moral hazard incentives exist when net market returns from
the additional yield fall below the returns from collecting crop
insurance.  This situation is most likely to occur during periods of
low market prices and when the crop yield is somewhat marginal.  

Moral hazard is not likely to be a widespread problem in offering
bramble insurance because, in the major producing areas, most
production is concentrated in a relatively small area.  In western
Washington and Oregon, the low market returns usually associated with
moral hazard would be most likely to occur during seasons when
growers had relatively high average yields.  Conversely, during years
with low yields, market prices are likely to exceed the price
election, diminishing the chances that a moral hazard incentive
exists. 

Estimating Actual Production History (APH) 

The production and acreage data reported to the Washington Red
Raspberry Commission by processors and producers provide a means for
estimating APH for growers.  In Washington, the Raspberry Commission
requires processors to report the pounds of berries delivered by each
producer.  These data could provide growers’ production histories for
processed berries.  About half of the growers reportedly also submit
reports to the Commission which include information on harvested
acres.  The processor-reported production statistics, in combination
with the grower-reported harvested acreage data, could provide a
basis for estimating the  APH for growers.  

California and Oregon do not have the production data available on an
individual-producer basis that is available in Washington. 
Commercial growers in these states, however, are likely to have
adequate records on acreage, as well as documentation on the output
delivered to processors or handlers.  These data could be used to
establish yield histories.



54

References

American Frozen Food Institute.  Frozen Food Pack Statistics. 
McLean, Virginia.  Various issues. 

Baker, M.L.  Extension Horticulturist.  Texas A&M Research and
Extension Center.  Overton, Texas.  Personal communication.  August
1996.  

Bettiga, Larry.  Extension Farm Advisor.  Monterey County,
California.  Personal communication.  August 1996.

Brewster, Thomas.  County Executive Director.  U.S. Department of
Agriculture.  Farm Service Agency.  Marion County, Oregon.  Personal
communication.  August 1996.

Brun, Charles.  Extension Fruit Specialist.  Clark County.
Washington.  Personal communication.  August 1996.

Burt, J.G., K.N. Brown and T.L. Cross.  Enterprise Cost Study for
Marion Blackberries:  Establishment Years, Every Year Production, and
Alternate Year Production in the Mid-Willamette Valley.  Special
Report 792.  Oregon State University Extension Service.  October
1988.

California Agricultural Statistics Service.  County Agricultural
Commissioners' Reports.  Various issues.

Carkner, Richard.  Extension Farm Management Specialist.  Washington
State University.  Personal communication.  August 1996.

Crandall, Perry C.  Bramble Production: The Management and Marketing
of Raspberries and Blackberries.  Food Products Press.  New York. 
1995.

Daubeny, G., and C. Fear. “Primocane Fruiting Raspberries in the
Pacific Northwest and California.”  J. Fruit Var.  American 
Pomological Society.  October 1992.  Volume 46, No. 4.  pp. 197-199. 

Elkins, Rachel and Ronald Tyler.  Sample Costs to Produce
Raspberries- Willamette Variety Santa Cruz County 1987.  University
of California Cooperative Extension Service.  Santa Cruz County,
California.  1987.

Elkins, Rachel and Ronald Tyler.  Sample Costs to Produce
Raspberries- Heritage Variety Santa Cruz County 1987.  University of
California Cooperative Extension Service.  Santa Cruz County,
California.  1987.

Food and Agriculture Organization of the United Nations.  FAO
Production Yearbook.  Rome.  Various issues.



55

Funt, Richard C., and others.  Brambles: Production, Management, and
Marketing.  Bulletin 783.  Ohio Cooperative Extension Service.  Ohio
State University.  January 1988.

Goulart, Barbara, and others.  Small Fruit Production and Pest
Management Guide 1994-95.  College of Agricultural Sciences.
Pennsylvania State University.  1994.

Hanson, Eric.  Status and Potential of Michigan Agriculture-Small
Fruit Crops.  Michigan State University.  Department of Horticulture. 
Report Number 58.  September 1992.

Jaquish, George.  County Executive Director.  U.S. Department of
Agriculture.  Whatcom County, Washington.  Personal communication. 
August 1996.

Kelsey, Myron P. and others.  Cost of Producing Red Raspberries in
Michigan.  Michigan State University Cooperative Extension Service. 
Extension Bulletin E-2193.  October 1989.

McConnell, Craig.  County Extension Agent.  Whatcom County,
Washington.  Personal communication.  August 1996.

Nonnecke, G.R. and J.J. Luby.  “Raspberry Cultivars and Production in
the Midwest.”  J. Fruit Var.  American Pomological Society.  Volume
46, Number 4.  pp. 207-212.  October 1992.

Oregon Department of Agriculture.  Oregon Agricultural Statistics
Service.  Oregon Agricultural Statistics.  Various issues.

Oregon State University.  Department of Agriculture and Resource
Economics.  Unpublished commodity statistics.

Pritts, Marvin.  Extension Small Fruit Specialist.  Department of
Fruit and Vegetable Science.  Cornell University Extension.  Personal
communication.  August 1996.

Schroder, Jan.  Executive Secretary.  Oregon Raspberry and Blackberry
Commission.  Personal Communication.  August 1996.

Seeger, Ann.  Manager.  Washington Red Raspberry Commission. 
Personal communication.  August 1996.

Shane, Bill.  District Extension Fruit Agent.  Berrien County, 
Michigan.  Personal communication.  August 1996.

Starbuck, Sandra.  County Executive Director.  U.S. Department of
Agriculture.  Clark County, Oregon.  Personal communication.  August
1996.

Strik, Bernadine.  Extension Small Fruit Specialist.  Oregon State
University.  Corvallis, Oregon.  Personal communication.  August
1996.



56

Turner, Brenda and others.  Enterprise Budget Red Raspberry,
Willamette Valley Region.  Oregon State University Extension Service. 
EM 8539.  April 1993.

U.S. Department of Agriculture.  Economic Research Service.  Fruit
and Tree Nut Situation and Outlook Report.  FST-274.  September 1995
and updated tables for 1996.

U.S. Department of Agriculture.  Farm Service Agency.  Ad Hoc
Disaster Assistance Data Files.  Compiled by the General Accounting
Office.  1988-94.

U.S. Department of Agriculture.  National Agricultural Statistics
Service.  Noncitrus Fruits and Nuts Annual Summary.  Various.

U.S. Department of Commerce.  Bureau of the Census.  Census of
Agriculture, 1992.

U.S. Department of Commerce.  Bureau of the Census.  Census of
Agriculture, 1987.  Special tabulations.

Washington Department of Agriculture.  Washington Agricultural
Statistics Service.  Washington Agricultural Statistics.   Various
issues.



57

Appendix table 1-- Raspberries: Number of farms, acres
harvested, and acres irrigated, 1987 and 1992 
                                                                                         
                 

                        ----------------1992-----------------         ---------------
1987-----------------  
State/County                    Acres        ---Irrigated---                   Acres     
---Irrigated---                          Farms   harvested      Farms     Acres         
Farms   harvested    Farms     Acres  
                                                                                         
                  

California            266      1,428          266      1,428   
      258      1,330       258     1,330
 Monterey              46        501           46        501   
       58        351        58       351
 Santa Cruz            57        580           57        580   
       75        750        75       750
 Ventura               15        139           15        139   
        8         66         8        66
 Other                148        208          148        208   
      117        163       117       163

Michigan              357        667          170        361   
      375        861       162       428

New York              318        472          117        173   
      300        497        96       204 

Ohio                  224        370           61        116   
      224        435        70       232
                                                              
Oregon                492      5,353          322      2,724   
      496      5,754       271     2,637 
 Clackamas            154      2,093           52        616   
      199      2,626        55       692
 Linn                  26        377           23        358   
       27        438        23       322
 Marion                38        583           27        510   
       42        333        34       284
 Multnomah             40        804           19         91   
      148        974        13       176
 Polk                   9        137            9         13   
        9         89         7        85
 Washington            49      1,077           37        821   
       42        829        32       752
 Other                176        282          155        315   
       29        465       107       326

Washington            359      5,283          252      4,502   
      400      4,185       232     3,088
 Clark                 42        626           24        355   
       47        443        24       200
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 Cowlitz                9        259            6        257   
        8         na         6        na
 Skagit                29        412           13        225   
       36        547        11       211
 Whatcom               95      3,535           89      3,419   
       91      2,168        75     2,047
 Other                184        451          120        246   
      218         na       116        na

Other               2,623      2,326        1,082      1,183   
    2,244      2,422       925     1,226

U.S.                4,639     15,899        2,270     10,487   
    4,297     15,484     2,014     9,145
                                                                                         
                  

Source: U.S. Department of Commerce, Bureau of the Census.
1992.
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Appendix table 2--Blackberries: Number of farms, acres
harvested, and acres irrigated, 1987 and 1992 
                                                                                         
                 

                        ----------------1992-----------------         ---------------
1987-----------------  
State/County                    Acres        ---Irrigated---                   Acres     
---Irrigated---                          Farms   harvested      Farms     Acres         
Farms   harvested    Farms     Acres  
                                                                                         
                  

California            134        410          134        410   
      108       345          108      345
 Santa Cruz            19        255           19        255   
       18       199           18      199
 Other                115        155          115        155   
       90       146           90      146

Oregon                403      4,442          316      3,752   
      402     4,472          310    3,745 
  Clackamas            83        821           60        607   
       06       754           56      543
  Marion              185      2,263          149      1,923   
      206     2,353          172    2,164
  Washington           32        711           27        633   
       28       910           21      678
  Other               103        647           80        589   
       82       455           61      360

Texas                 350        320          169        150   
      226       240          101       87

Other               1,732      1,822          707        861   
    1,350     1,622          502      670

U.S.                2,619      6,994        1,326      5,173   
    2,086     6,679        1,021    4,847  
                                                                                         
                  

Source: U.S. Department of Commerce, Bureau of the Census.
1992.
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Appendix table 3--Boysenberries: Number of farms, acres
harvested, and acres irrigated, 1987 and 1992 
                                                                                         
                 

                        ----------------1992-----------------         ---------------
1987-----------------  
State/County                    Acres        ---Irrigated---                   Acres     
---Irrigated---                          Farms   harvested      Farms     Acres         
Farms   harvested    Farms     Acres  
                                                                                         
                  

California            116      269           116       269     
      107      386         107       386
 Fresno                13       52            13        52     
       15      119          15       119
 San Joaquin            5       56             5        56     
        3       --           3        --
 Stanislaus             4       82             4        82     
        7      105           7       105
 Other                 94       79            94        79     
       82      162          82       162

Oregon                220      821           174       708     
      228      787         176       626
 Clackamas             50      170            34       130     
       42      101          30        80
 Marion               101      441            85       399     
      137      577         114       486
 Other                 69      210            55       179     
       49      109          32        60

Washington              9        6             5         3     
        6       14           5         7

Other                   2       --             1        --     
        9       11           5         8

U.S.                  347       --           296        --     
      350    1,198         293     1,027
                                                                                         
                
-- = Not available.

Source: U.S. Department of Commerce, Bureau of the Census.
1992.
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Appendix table 4--Loganberries: Number of farms, acres
harvested, and acres irrigated, 1987 and 1992 
                                                                                         
                 

                        ----------------1992-----------------         ---------------
1987-----------------  
State/County                    Acres        ---Irrigated---                   Acres     
---Irrigated---                          Farms   harvested      Farms     Acres         
Farms   harvested    Farms     Acres  
                                                                                         
                  

California              1       --              1      --      
       --       --         --        --

Oregon                 48       81             41       58     
       79      234         58        132
 Clackamas              8       21              4        4     
       18       --         10         --
 Marion                34       59             32       52     
       51      145         44        120
 Other                  6        2              5        1     
       --       --         --        --

Washington             14        6              9        2     
        4       --          3         --
       

U.S.                   63       --              51       --    
        84      240         62        135
                                                                                         
                  
-- = Not available.

Source: U.S. Department of Commerce, Bureau of the Census.
1992.
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Appendix table 5--Size distribution of farms producing raspberries, selected 
states, 1987                                                                          
                                                                                  

                                      $100,000   $50,000    $25,000       Less 
State          All farms   $500,000      to         to          to        than
                            or more   $499,000   $99,999     $49,999     $25,000     
                                                                                  
                                  
               ------------------------------Number-------------------------------

California        258         17          29         15          39         158
New York          300          3          36         19          33         209
Oregon            496         16          67         48          60         305
Washington        400         12          46         40          37         265
Wisconsin         217          0           7         13          20         177
Other           2,626         30         177        191         215       2,013
United States   4,297         78         362        326         404       3,127

                Number      -------------------Percent of farms-------------------

California        258          7          11          6          15          61
New York          300          1          12          6          11          70
Oregon            496          3          14         10          12          61
Washington        400          3          12         10           9          66
Wisconsin         217          0           3          6           9          82
Other           2,626          1           7          7           8          77
United States   4,297          2           8          8           9          73       
                                                                                  

Source: U.S. Department of Commerce, Bureau of the Census. 1987.
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Appendix table 6--Size distribution of farms producing blackberries, selected 
states, 1987                                                                          
                                                                                  

                                      $100,000   $50,000     $25,000       Less 
State          All farms   $500,000      to         to          to         than
                            or more   $499,000   $99,999     $49,999      $25,000    
                                                                                  
                                  
               ------------------------------Number-------------------------------

California         108          7         19          2          10          70
Oregon             402         16         56         52          60         218
Washington          45          1          7          3           1          33
Other            1,531         10         76         72          98       1,275
United States    2,086         34        158        129         169       1,596
 
                 Number      ------------------Percent of farms-------------------

California         108          6         18          2           9          65
Oregon             402          4         14         13          15          54
Washington          45          2         16          7           2          73
Other            1,531          1          5          5           6          83
United States    2,086          2          8          6           8          77       
                                                                                  

Source: U.S. Department of Commerce, Bureau of the Census. 1987.
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Appendix table 7--Size distribution of farms producing boysenberries, selected
states, 1987                                                                          
                                                                                  

                                      $100,000   $50,000     $25,000       Less 
State          All farms   $500,000      to         to          to         than
                            or more   $499,000   $99,999     $49,999      $25,000    
                                                                                  
                                  
               ------------------------------Number-------------------------------

California        107          3          19          5           5          75
Oregon            228          6          23         29          36         134
Other              15          0           1          1           0          13
United States     350          9          43         35          41         222

                Number        -------------------Percent of farms-----------------

California        107          3          18          5           5          70
Oregon            228          3          10         13          16          59
Other              15          0           7          7           0          87
United States     350          3          12         10          12          63       
                                                                                  

Source: U.S. Department of Commerce, Bureau of the Census. 1987.
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Appendix table 8--Size distribution of farms producing loganberries, selected 
states, 1987                                                                          
                                                                                  

                                      $100,000   $50,000     $25,000       Less 
State          All farms   $500,000      to         to          to         than
                            or more   $499,000   $99,999     $49,999      $25,000    
                                                                                  
                    
               ------------------------------Number-------------------------------

Oregon              79          3          5          11          12         48

                  Number        ----------------Percent of farms------------------

Oregon              79          4          6          14          15         61       
                                                                                  

Source: U.S. Department of Commerce, Bureau of the Census. 1987.
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Appendix table 9--Bushberry acreage, yield, and production in California, selected
counties, 
1991-93
                                                                                     
         

                            Harvested      Yield/  
County           Year          Area         Acre     Production        Price         
  Value
                                                                                     
         
 
                             Acres       --------Tons--------          $/ton         
 $1,000    

San Luis Obispo  1991         50             4.6        234            3,521         
  824.0   
                 1992         48             4.8        235            3,591         
  844.0
                 1993         34             6.5        223            3,233         
  721.0
                 1994         46             5.4        248            3,335         
  827.0

Santa Clara      1991         31             5.5        171            2,040         
  349.0
                 1992         30             5.5        165            1,903         
  314.0 
                 1993         33             8.0        264            1,954         
  516.0
                 1994         34             8.0        272            1,750         
  476.0

Santa Cruz       1991        244             7.2      1,767            1,451         
2,564.0
                 1992        344            11.8      4,078              729         
2,973.0 
                 1993        259             4.7      1,223            1,431         
1,751.0 
                 1994        262             4.7      1,223            2,000         
2,446.0

Monterey         1991         66             5.9        393            2,854         
1,122.0        
                 1992         82             8.9        730            1,831         
1,337.0
                 1993         36             7.5        273            2,216         
  605.0
                 1994         11             4.7         52            1,748         
   90.9

California       1991        408             6.2      2,566            1,920         
4,927.6
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                 1992        535             9.7      5,209            1,098         
5,720.2
                 1993        479             4.1      1,984            2,262         
4,489.1 
                 1994        494             5.1      1,796            2,138         
4,673.3    
                                                                                     
         

Source: California Agricultural Statistics Service.  County Agricultural
Commissioners' Reports.
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Appendix table 10--Red Raspberry acreage, yield, and production in Oregon, selected
counties, 
1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas      1992        1,700         5,500        9,350           53.1          
 4,966     
               1993        1,500         4,380        6,567           70.4          
 4,623    
               1994        1,550         5,810        9,000           89.2          
 8,020
               1995        1,620         4,600        7,457           76.4          
 5,697

Marion         1992         450          5,400        2,430           53.1          
 1,291
               1993         400          4,410        1,763           70.0          
 1,234  
               1994         420          5,710        2,400           89.2          
 2,141    
               1995         450          4,600        2,072           76.5          
 1,585

Multnomah      1992         830          5,400        4,482           53.1          
 2,380     
               1993         900          4,390        3,510           72.0          
 2,527 
               1994         800          5,690        4,551           90.2          
 4,107 
               1995         830          4,600        3,821           76.4          
 2,919

Polk           1992          80          5,300          424            54.0         
   229
               1993          80          4,300          344            70.1         
   241 
               1994          85          5,710          485            91.3         
   443
               1995          85          4,600          391            79.5         
   311  

Washington     1992         410          5,700         2,337           53.1         
 1,242    
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               1993         430          4,450         1,913           70.5         
 1,349   
               1994         440          5,800         2,552           90.2         
 2,303    
               1995         460          4,600         2,118           76.4         
 1,618

Oregon         1992       4,000          5,500        22,000           54.0         
11,880
               1993       3,700          4,460        16,500           70.9         
11,695 
               1994       3,800          5,790        22,000           89.7         
19,735 
               1995       4,000          4,630        18,500           77.0         
14,250
                                                                                    
          

Source: Oregon State University.  Department of Agriculture and Resource Economics.
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Appendix table 11--Black Raspberry acreage, yield, and production in Oregon,
selected counties, 
1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas     1992         400          2,200         880           148.1           
1,303    
               1993         430          2,470       1,060            161.2         
 1,709      
               1994         430          3,300       1,421            100.3         
 1,425
               1995         445          2,120         944             60.4         
   570

Lane           1992          30          1,900          57            145.6         
    83  
               1993          30          1,570          47            161.7         
    76
               1994          30          2,700          81            100.0         
    81    
               1995          30          2,070          62             61.3         
    38

Marion         1992          60          2,000         120            148.3         
   178
               1993          60          2,550         153            160.8         
   246   
               1994          60          3,300         198            100.5         
   199
               1995          70          2,140         150             60.0         
    90

Washington     1992         510          2,240       1,142            148.1         
 1,691 
               1993         530          2,460       1,306            161.3         
 2,106 
               1994         530          3,350       1,776            100.3         
 1,781
               1995         550          2,130       1,173             60.4         
   708

Yamhill        1992          50          2,100         105            147.6         
   155   
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               1993          50          2,460         123            161.0         
   198   
               1994          50          3,360         168            100.0         
   168 
               1995          55          2,150         118             60.2         
    71

Oregon         1992       1,100          2,180       2,400            148.1         
 3,554   
               1993       1,150          2,430       2,800            161.2         
 4,514 
               1994       1,150          3,300       3,800            100.3         
 3,810  
               1995       1,200          2,130       2,550             60.4         
 1,540
                                                                                    
          

Source: Oregon State University.  Department of Agriculture and Resource Economics.
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Appendix table 12--Marion and other blackberry acreage, yield, and production in
Oregon,
selected counties, 1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas      1992        550           8380         4938            53.1          
 3621
               1993        580           5480         3176            31.0          
  986  
               1994        700           7070         4948            35.3          
 1748 
               1995        710           5800         4118            56.0          
 2306  

Marion         1992       1500           8600        12895            52.6          
 6780
               1993       1600           5500         8795            30.9          
 2721        
               1994       1730           7070        12228            35.3          
 4319
               1995       1750           6800        11900            56.0          
 6664 

Multnomah      1992        110           8480         933             53.6          
  500
               1993        110           5500         605             32.1          
  184
               1994        110           7060         777             36.3          
  282
               1995        110           6800         748             56.0          
  419

Polk           1992        150           8380        1257             53.6          
  674
               1993        130           5500         715             31.0          
  222  
               1994        150           7070        1060             35.3          
  374 
               1995        160           6800        1088             55.9          
  609 

Washington     1992        600           9280        5566             53.1          
 2955 
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               1993        620           6480        4016             32.0          
 1287
               1994        650           7070        4594             35.3          
 1623   
               1995        670           5800        3886             56.0          
 2176

Yamhill        1992        220           9480        2085             53.6          
 1118 
               1993        230           5600        1287             32.1          
  413  
               1994        250           7070        1767             36.3          
  641 
               1995        260           6800        1768             56.0          
  990

Oregon         1992       3300           8790       29000             53.2          
15414    
               1993       3450           5800       20000             32.5          
 6491  
               1994       3790           7070       26800             35.7          
 9575
               1995       3850           6420       24715             56.1          
13870

                                                                                    
          

Source: Oregon State University.  Department of Agriculture and Resource Economics.
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Appendix table 13--Evergreen blackberry acreage, yield, and production in Oregon,
selected 
counties, 1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas      1992         370         10,150       3,754            27.9          
1,045   
               1993         300          8,300       2,490            29.0          
  722
               1994         300          8,800       2,640            42.9          
1,133 
               1995         250          8,550       2,137            48.9          
1,044

Marion         1992         700          9,700       6,790            27.4          
1,859
               1993         660          8,230       5,434            28.6          
1,552
               1994         650          8,720       5,669            41.8          
2,371  
               1995         590          8,550       5,046            48.9          
2,465

Polk           1992          80          9,200         736            28.3          
  208
               1993          80          8,200         656            29.0          
  190
               1994          85          8,710         740            42.8          
  317 
               1995          70          8,560         599            48.9          
  293

Washington     1992         100         11,000       1,100            28.9          
  318        
               1993          80          9,000         720            30.0          
  216
               1994          80          8,750         700            41.9          
  293 
               1995          70          8,560         599            48.9          
  293

Yamhill        1992          50         10,200         510            31.2          
  159
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               1993          40          8,500         340            30.0          
  102         
               1994          40          8,750         350            46.9          
  164 
               1995          35          8,570         300            49.0          
  147

Oregon         1992       1,400          9,860      13,800            28.0          
3,870
               1993       1,250          8,320      10,400            29.3          
3,048
               1994       1,250          8,720      10,900            42.6          
4,647 
               1995       1,100          8,550       9,400            48.9          
4,592

                                                                                    
          

Source: Oregon State University.  Department of Agriculture and Resource Economics.
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Appendix table 14--Boysenberry acreage, yield, and production in Oregon, selected
counties, 
1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas      1992         180         6,200        1,116            65.2          
  728     
               1993         180         4,510          811            74.2          
  602
               1994         220         5,040        1,108            63.0          
  698   
               1995         220         3,950          870            78.4          
  682

Marion         1992         520         5,800        3,016            65.3          
 1970
               1993         510         4,420        2,255            74.8          
 1686
               1994         580         5,030        2,919            62.5          
 1824  
               1995         580         3,960        2,296            78.3          
 1797

Multnomah      1992          70         6,100          427            65.1          
  278 
               1993          70         4,500          315            80.0          
  252
               1994          70         5,030          352            66.8          
  235
               1995          70         3,960          277            80.5          
  223

Washington     1992          90         7,570          681            65.1          
  443 
               1993          90         4,800          432            75.0          
  324 
               1994         120         5,530          664            63.0          
  418  
               1995         120         4,060          487            78.2          
  381

Yamhill        1992         100         7,000          700            65.0          
  455    
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               1993         100         5,000          500            75.2          
  376
               1994         130         5,030          654            63.0          
  412
               1995         130         3,960          515            78.3          
  403

Oregon         1992        1000         6,150        6,150            65.5          
 4028
               1993        1000         4,550        4,550            75.4          
 3429
               1994        1200         5,080        6,100            63.2          
 3853 
               1995        1200         3,980        4,780            78.5          
 3750

                                                                                    
          

Source: Oregon State University.  Department of Agriculture and Resource Economics.



78

Appendix table 15--Loganberry acreage, yield, and production in Oregon, selected
counties, 
1992-95
                                                                                    
          

                          Harvested      Yield/  
County         Year          Area         Acre     Production        Price          
 Value
                                                                                    
          

                           Acres        Lbs/acre    1,000 lbs       Cents/lb        
$1,000

Clackamas      1992          40         6,200         248             50.0          
  124 
               1993          30         5,200         156             36.5          
  135
               1994          30         4,670         140             84.3          
  118 
               1995          25         4,000         100             85.0          
   85

Marion         1992          60         5,800         348             47.1          
  164  
               1993          50         4,840         242             70.2          
  170
               1994          50         4,360         213             78.9          
  168 
               1995          45         3,780         170             80.6          
  137

Multnomah     1992           10         6,400          64             57.8          
   37
               1993          10         5,200          52             98.1          
   51  
               1994          10         4,700          47             91.5          
   43
               1995          10         4,000          40            100.0          
   40

Oregon         1992         110         6,000         660             49.2          
  325         
               1993          90         5,000         450             79.1          
  356
               1994          90         4,440         400             82.3          
  329
               1995          80         3,880         310             84.5          
  262 
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Source: Oregon State University.  Department of Agriculture and Resource Economics.



Appendix A

Selected Raspberry and Blackberry Cultivars 
Produced in the United States

(Sources: Crandall; Funt and others; Goulart and others.)
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Red Raspberries

Amity: From Oregon.  Primocane bearing, one to two weeks earlier than
‘Heritage,’ vigorous, moderate production, some root rot resistance. 
Fruit: Medium size, very firm, medium dark red, good for processing
and fresh market.

Autumn Bliss: From Great Britain.  Primocane bearing, erect, two to
three weeks earlier and more productive than ‘Heritage,’ aphid
resistant, root rot resistant.  Fruit: Large, dark red, medium firm,
mild flavor.  Grown in Pacific Northwest.  Recommended for the
northeastern U.S. on a trial basis.

Boyne: From Manitoba.  Summer bearing, early-midseason, hardy,
vigorous, sturdy, good yield.  Fruit: Medium size, dark red,
aromatic, only fair flavor.  Canes susceptible to Verticillium wilt. 
A new hardy cultivar for the Midwest and northern states.

Chilliwack: From British Columbia.  High yields, upright canes, many
primocanes, long strong laterals, hardy, aphid resistant.  Fruit:
Large, conic, glossy medium red, firm, very good flavor, easy to
machine harvest, good for both fresh and processing markets. 
Promising new cultivar in Pacific Northwest.

Dorman Red: Grown in the South.  Short chilling requirement. Fruit:
Does not have the quality that the northern raspberries have, but is
a raspberry adapted to the South.

Festival: From Ontario.  Hardy, moderate yield, compact.  Fruit: 
Medium size, firm, fair flavor.  Newer, promising cultivar for the
Midwest and northern United States.  Recommended for trial only.

Heritage: From New York.  Primocane bearing, vigorous, productive,
upright, late season, widely adapted.  Fruit: Medium size, attractive
medium red, firm, fair flavor, good for freezing.  Limited to warmer
climates by its late ripening.  Important primocane fruiting variety
in the Pacific Northwest and California.  Also widely grown in the
Midwest and Northeast.

Hilton: From New York.  Summer bearing, vigorous, productive, mid-
season, upright, winter hardy.  Fruit: Large, conic, dark red, firm
good flavor.  Newer variety in the Midwest and Northeast.

Killarney: From Canada.  Summer bearing, hardy, sturdy canes.  Fruit:
deep red, firm, sweet, good quality.  Newer variety being grown in
the Midwest on a trial basis.
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Red Raspberries, continued

Latham: From Minnesota.  Summer bearing, very hardy, vigorous, medium
yield.  Fruit: Small, round, light red, fair flavor.  Widely planted
in the Midwest and Northeast. 

Meeker: From Washington.  Vigorous, productive, suitable for machine
harvesting.  Fruit: Large, medium red, firm, good quality, suitable
for fresh and processing markets.  Grown in the Pacific Northwest.

Nordic: From Minnesota.  Summer bearing, hardy, vigorous, productive,
produces a very late fall crop.  Fruit: Medium size and color, firm,
good flavor, suitable for processing.  Recommended for the Midwest
and Northeast on a trial basis.

Redwing: From Minnesota.  Primocane bearing, hardy, very productive,
ripens earlier than ‘Heritage.’  Fruit: Large, good flavor, tends to
be soft.  Newer variety for the Midwest and Northeast.

Ruby: From New York.  Primocane bearing, slightly later than
‘Heritage,’ moderate yield.  Fruit: Large, conic, bright medium red,
good shelf life.  Susceptible to root rot.  Newer variety for the
Midwest and Northeast.

Summit: From Oregon.  Primocane bearing, vigorous, productive, very
early, root rot resistant, good for both fresh and processing
markets.  Fruit: Medium size, round, medium red, firm.  Grown in the
Pacific Northwest.

Titan: From New York.  Summer bearing, early, very productive,
moderate vigor, not suited to machine harvesting.  Fruit: Very large,
bright red, good flavor, soft.  Susceptible to viruses and root rot. 
For Midwest and Northeast.

Tulameen: From British Columbia.  Primocane bearing, Very productive,
long late season, vigorous, suitable for machine harvest, good for
both fresh and processing markets, aphid resistant.  Fruit: Very
large, conic, bright, medium red, firm high quality.  

Willamette: From Oregon.  Vigorous, numerous primocanes, widely
adapted, disease and pest resistant, suitable for machine harvest,
will produce a fall crop in warm climates.  Fruit: Large, conic, dark
red, firm, excellent for processing, good flavor.  Susceptible to
root rot.  Grown in the Pacific Northwest.
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Black Raspberries

Allen: From New York. Vigorous, intermediate hardiness, medium yield,
early, concentrated crop.  Fruit: Large, firm, good quality. 
Susceptible to anthracnose.  Recommended for the Midwest and
Northeast.

Blackhawk: From Iowa.  Vigorous, medium yields, hardy, late,
resistant to anthracnose.  Fruit: Large, firm, good quality. 
Recommended for the Midwest and Northeast.

Bristol: From New York.  Very popular, productive, early.  Fruit:
Large, firm glossy black, medium size, good quality.  Susceptible to
anthracnose.  Recommended for the Midwest and Northeast.

Cumberland: From Pennsylvania.  Older cultivar, late, fair yield,
midseason, susceptible to anthracnose, Lacks hardiness.  Fruit:
Large, firm, good quality.  Recommended for the Midwest and
Northeast.

Jewel: From New York.  Early, productive, vigorous, hardy, resistant
to anthracnose.  Fruit: Large, firm, glossy, excellent flavor.

Munger: From New York.  Principal Oregon cultivar, early, suitable
for machine harvesting.  Fruit: Medium size and yield, excellent for
processing.
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Blackberries

Arapaho: From Arkansas.  Very erect, thornless, early, productive,
suckers freely.  Fruit: Good quality, firm, medium size, short conic,
glossy black.

Black Satin: From Illinois.  Semi-erect, thornless, very late,
vigorous, productive.  Fruit: large, firm, tart.

Boysenberry: From California.  Trailing, late, very productive. 
Fruit: Large, soft, purple-black, tart with excellent flavor for
processing.  Best adapted to the South and Pacific Coast States. 

Brazos: From Texas.  Thorny, low chill, very early, vigorous,
productive, spreading.  Fruit: Very large, medium size, firm, glossy
black, large seeds.

Cheyenne: From Arkansas.  Erect, thorny, low chill, early,
productive, resistant to orange rust.  Fruit: Very large, firm,
glossy black, excellent quality.

Chester: From Illinois.  Semi-erect, thornless, late, vigorous, cold
hardy, very productive, resistant to cane blight.  Fruit: Large, very
firm, excellent flavor, resists hot weather.

Darrow: From New York.  Very erect, thorny, vigorous, hardy, early.  
Fruit: Medium size, firm, good flavor.

Hull Thornless: From U.S. Dept. of Agriculture.  Semi-erect,
thornless, very late, productive, very vigorous.  Fruit: Large, firm,
dull black, sweet.

Illini Hardy: From Illinois.  Erect, thorny, late, vigorous, very
cold hardy.  Fruit: Medium size, glossy, good flavor.

Loganberry: Trailing, early maturing.  Fruit: large, dark red, highly
flavored, but acidic and used primarily for jams and jellies. 
Loganberry is not well adapted to the eastern U.S.

Marion: From Oregon.  Trailing, thorny, early, productive.  Fruit:
Medium size, glossy black, excellent flavor.  Adapted to the Pacific
Northwest.

Navaho: From Arkansas.  Erect, thornless, late, productive, suckers
poorly.  Medium size, very firm, glossy black, very good flavor.
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Blackberries, continued

Olallieberry: From Oregon.  Trailing, thorny, vigorous, midseason,
very productive.  Fruit: Large, firm, glossy black, good flavor. 
Adapted to California and western Oregon.

Rosborough: From Texas.  Erect, thorny, early, very productive, low
chill.  Fruit: Very large, sweet, glossy black.

Shawnee: From Arkansas.  Erect, thorny, very productive, late, Immune
to orange rust.  Fruit: Very large, medium firm, good flavor. 
Adapted to the southern United States. 

Silvan: From Australia.  Trailing, thornless, late, vigorous, very
productive, machine harvestable.  Fruit: Large, glossy purple-black,
good flavor, sweet, suitable for both fresh and processing markets.

Thornless Evergreen: From Oregon.  Trailing, thornless, late,
vigorous, very productive, machine harvestable.  Fruit: Large, glossy
black, fair flavor.  The most widely grown blackberry in the Pacific
Northwest.

Waldo: From Oregon.  Trailing, thornless, mid-early, high yield,
machine harvestable.  Fruit: Large, firm, glossy black, multipurpose,
good shelf life.



Appendix B

Cost of Production Budgets

Santa Cruz County, California Raspberries
(Willamette and Heritage)

Willamette Valley Region, Oregon Red Raspberries 
(Processing)

Michigan Red Raspberries 
(Pick-Your-Own)

Oregon Marion Blackberries
 (Every-year and Alternate-Year Production)
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Figure 1.  Major raspberry counties in California,
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Raspberry and Blackberry Contacts

California

Larry Bettiga, Farm Advisor
Monterey County, California

(408) 759-7350

Oregon

Jan Schroeder, Executive Secretary
Oregon Raspberry and Blackberry Commission

712 NW 4th Street
Corvallis, Oregon 97330

(541) 758-4043

Washington

Ann Seeger, Manager
Washington Red Raspberry Commission

1323 Lincoln Street #204
Bellingham, Washington 98226

(306) 671-1437

Craig McConnell
Whatcom County Extension Service

Courthouse Annex
1000 North Forest

Bellingham Washington 98226
(360) 676-6736
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 Jan Feb Mar Apr May Jun

Average high in °F: 55 59 65 73 82 90

Average low in °F: 21 24 28 33 41 50

Av. precipitation in inch: 1.1 1.1 0.79 0.43 0.51 0.67

Days with precipitation: - - - - - -

Hours of sunshine: - - - - - -
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°C | °FClimate Redrock - New Mexico

 Jan Feb Mar Apr May Jun

Average high in °F: 57 62 69 77 85 93

Average low in °F: 26 28 32 37 45 54
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Hours of sunshine: - - - - - -

Average snowfall in inch: 0 1 0 0 0 0
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Average weather Redrock, NM - 88055 - 1981-2010 normals
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Redrock weather averages

Annual high temperature: 76°F

Annual low temperature: 41.8°F

Average temperature: 58.9°F

Average annual precipitation - rainfall: 13.57 inch

Days per year with precipitation - rainfall: -

Annual hours of sunshine: -

Av. annual snowfall: 2 inch
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Fruit & Nut Resources

Commercial Pecan Orchards In Texas
George Ray McEachern, Larry A. Stein and Julian W. Sauls, Extension Horticulturists

Pecans have been an important food for man and wild animals in Texas for thousands of years. Prehistoric
Indians depended on native pecans as food. Deer, turkey, squirrels, raccoons, crows, and many other animals

feed heavily on pecans today as they have in the past.

Pecan production as a commercial operation first started as simply gathering native nuts and selling them to
the highest bidder. As early as 1840, native pecans were shipped to Europe for sale. Today the pecan can be
managed as a native grove, a planted orchard of improved varieties, or as a landscape tree. Texas averages
60,000,000 pounds of pecans annually, equally divided between natives and improved varieties from planted
orchards. This discussion is about planted orchards; natives and landscape pecans are covered in separate
reports.

The key to pecan orchard profits in Texas depends on many factors. The following is an introduction to the
most important. It is important to understand that all of these factors can and should work together to yield
more than 1,000 pounds of high quality pecans per acre; however, any one factor can result in poor tree
growth, no pecans, and death to the tree. Potential pecan growers need to study these factors in detail before
planting an orchard.

Orchard Size is a significant limitation. All too often, Texas pecan orchards are too large. They require
$2,000 per acre to bring into production, and frequently there is not enough money to accomplish the basic
management needs. Time and labor can be insufficient if the orchard is too large. Pecans require 2 inches of
water per week once in production, so water volume and the cost of delivering the water need to be
considered when determining the size of an orchard. One can gather volumes of information on growing
pecans, but knowledge is very slow and hard to obtain. Beginning growers need to start small so they can
learn as they go. Once the basics are understood, then the orchard can be expanded to the size money, time,
labor, and water will allow.

Teamwork including husband, wife, children, relatives, other growers, county Extension agents, pecan
specialists, labor, equipment and chemical dealers, bankers, pecan buyers, and others is very important. Pecan
families need to write a production plan each year before growth begins so everyone understands what needs
to be accomplished including when, how, and by whom.

Climate is extremely important and there is no location better suited for pecans than Texas. Pecans require
285 growing days with warm nights. Rainfall, though essential for good growth, also affects Pecan Scab,
entry into the orchard, and harvest. Freezes can kill trees less than 10 years of age which are growing fast or
old trees which are stressed from either crop load, drought, or a combination of factors.



Soil for pecan orchards should be deep and well drained to hold water, air, and nutrients. Poor soil drainage is
one of the most serious limiting factors in pecan orchards. More orchards fail in Texas because of undesirable
soil than from any other factor, and unfortunately, management cannot correct or substitute for soil
limitation. Pecan trees can grow on very shallow soil, but for commercial production of more than 1,000
pounds per acre, the soil should be 32 inches deep.

Irrigation is essential in all areas of Texas. Mature bearing trees require 2 inches per week. In addition,
pecan orchards should ideally be irrigated every week or at least never be allowed to go longer than 21 days
without water. The entire orchard floor needs to be covered. Salts in the soil and/or water can significantly
reduce growth or kill the trees in extreme cases. Potential pecan orchard sites or problem orchards need to
have their irrigation wells tested for water volume, quality, and the cost of electricity for pumping the water.
A good rule of thumb is to have a well capacity of 10 gallons of water per minute for each acre of trees.

Varieties need to be productive, strong trees, with high quality kernels and resistance to Pecan Scab disease.
There are three variety groups: eastern scab-resistant varieties, western varieties which grow well under
desert conditions where Pecan Scab does not exist, and early-ripening northern varieties. Recommended
varieties for the east are Desirable, Cheyenne, Cape Fear, Pawnee, Forkert, Caddo, and Oconee. For the west,
Western, Wichita and Cheyenne are recommended. Northern variety recommendations are Caddo, Pawnee
and Osage. Remember, all varieties are different and managers need to learn how to grow a specific variety.
Such is the case between the easy-to- manage Western and very difficult-to-manage Wichita. This is another
reason to start small.

Spacing pecan trees far apart is essential. Once crowding occurs, trees will have to be removed. Shade,
trapped humidity, root crowding, water limitations, and nutrient availability require bearing trees to be spaced
no closer than 35 feet in the east and 30 feet in the west. Wider spacings are recommended for growers who
will not be able to thin as trees crowd. Square, rectangle, and diagonal orchard designs need to be studied so
that when trees are removed due to crowding in 12 to 15 years, the desired varieties remain at the permanent
spacing. The design should also allow for at least 20% of the varieties to be of a different pollination type
after thinning occurs. Where soils are similar and a large volume of water is available, bearing trees can be
moved with large tree transplanting equipment. Orchard expansion has not been successful without this soil
and water requirement. If growers are unable to cut trees down or expand the orchard by moving crowded
trees, the trees should not be planted closer than 50 feet.

Weeds must be controlled in young and mature pecan orchards to prevent the loss of water and nutrients.
Post emergent herbicides are the most practical and economical method of weed control; however,
knowledge and experience are needed to use herbicides properly. Herbicides must be used effectively and
properly to kill the weeds, to reduce chemical costs, and to protect the applicator and the environment.
Discing, low mowing, cattle, and sheep are used because of their ease; however, they are less than optimum
and can result in long term problems.

Nitrogen is essential for good pecan growth. The first application should be at bud break in April with
additional applications in May and June. When extremely heavy crops are set, as in 1993 and 1995, nitrogen
could also be applied in July and August. As a rule, 10 pounds of actual nitrogen are needed for 100 pounds
of pecans set per acre in June. The number of nitrogen applications should be consistent with crop size.
Young trees should receive very small but frequent applications of nitrogen in response to growth. When fast
growth occurs, add additional applications until early June. Potassium fertilizer may be needed once every
five years on deep sandy soil if leaf levels fall below 1% potassium content. Phosphorous fertilizer is not
needed in Texas.

Foliar Zinc Sprays are essential for pecan growth in Texas. Soil or irrigation applications of zinc are not
effective. Zinc is needed for IAA hormone synthesis, so applications should be early and frequent to obtain



optimum shoot growth and leaf expansion. Two products, granular zinc sulfate or liquid zinc nitrate, are used
with equal success. Liquid nitrogen can be added to either zinc type to improve uptake into the foliage. Very
fast growing young non-bearing trees need zinc sprays at least every 14 days from bud break in April to early
June. Mature bearing pecan trees respond best to 5 applications of zinc. The first 3 applications should be
made one week apart beginning at bud break. A 4th application should then be made 2 weeks later followed
by a 5th application 3 weeks later. Zinc sulfate will kill most other plants if the spray contacts their foliage;
consequently, zinc nitrate is not recommended for urban or yard use.

Diseases are serious in Texas, especially Pecan Scab disease. In east, south and central Texas effective pecan-
labeled fungicide sprays must be applied during periods of rainfall to prevent Pecan Scab. In this area
varieties need to be resistant to Pecan Scab. In addition, Stem-end Blight, Shuck Dieback, Powdery Mildew,
Downy Spot, Fungal Leaf Scorch, and other diseases can be damaging.

Insects are a problem in Texas. The Pecan Nut Casebearer, Pecan Weevil, Yellow Aphid, Black Aphid, Stink
Bug, Hickory Shuckworm, and others need to be monitored closely to determine if insecticide sprays are
needed for economic control.

Harvesting pecans in Texas is a very difficult and demanding task. Pecans should be harvested, cleaned,
dried, sacked, and sold before December 7 each year to maintain kernel quality and obtain a good price. This
short seven week harvest season may have at least 14 days of delay because of rain. Some years rain and cold
occur, making harvest difficult even for the strongest. Theft from man and animals, especially crows, can
significantly reduce the pounds of pecans harvested, even when every effort is made to prevent it. Much of
the Texas crop is harvested by machines such as trunk shakers, sweepers, and a number of other different
types of harvesters. Some pecans are harvested by hand for cash sale to Accumulators.

Processing pecans immediately after harvest is needed to obtain a good early season price and to prevent
kernel darkening, embryo rot, vivipary, mycotoxins such as aflatoxin, and other problems related to moist
pecans. Shucks not removed in the orchard by nature or the harvesting equipment are removed with dehulling
equipment. In south Texas, where harvest is begun before the shucks are fully open to prevent vivipary, the
shucks must be ground off in water with special equipment. Once deshucked, poorly filled pecans are vacuum
separated with a pop remover. The good pecans are dried from 15% moisture to only 4% as soon as possible
using forced air. This can be in special drying boxes, false bottom peanut trailers, open-weave sacks, or on
concrete floors. Drying time is greatly reduced by moving as much dry air over the pecans as possible.

Marketing pecans can be a frustrating task for all parties involved. The price is controlled by supply and
demand. Few growers grade their pecans. The USDA and the National Pecan Shellers have grading
standards, but they are not easy to use. Growers who use the Texas Pecan Show Grading System of percent
kernel, size, and color can negotiate for a fair price. The pecan is an alternate bearer, producing a very large
crop one year and few pecans the next. In the “off” years, the price is high, and the price is low in the heavy
“on” years. There are approximately 25 major pecan buyers with shelling plants. Pecans in large volume can
be sold directly to these shellers or they can be sold to local accumulators. Less than 10% of the national crop
is sold retail or direct to the consumer as in-shell pecans, though this is what many small pecan growers do.
Some growers have their pecans custom shelled and retail direct to the consumer at the orchard or via mail
order. Limited numbers of growers use value-added processing such as candies, roasted pecans, or cakes for
direct-to-the-consumer retail sales.

Costs and Returns for pecans in Texas vary greatly. Of the 67,500 acres of planted orchards, many seldom
realize a profit because one or several of the above factors are not in order. Approximately $2,000 are
required to bring one acre of pecans into production, not including the cost of the land, irrigation well, or
deer-proof fencing. Once bearing, $600 per acre are required for operating costs; therefore, production needs
to exceed 600 pounds per acre if a profit is expected. Since 1986, there are very limited IRS tax advantages



for pecans and profits need to be determined on a true cash basis.

Information on pecan production can be obtained from the “Texas Pecan Handbook” which is available from
the Texas AgriLife Bookstore
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Abstract

Although the inland Pacific Northwest has a warm climate during the growing season,
grapes grown in this region may be exposed to colder than optimal temperatures at
several times during the year. In addition to damage from spring and fall frosts,
intermittent winters with little to no snow cover and subzero temperatures can cause
vine dieback and death. Temperature patterns in the recent past indicate that both fall
and midwinter are times when risk of bud damage from cold events is probable,
making proper site selection and cultivar choice critical. Water is not used for frost
protection in this climate, but wind machines have proven to be useful. In frost-prone
sites, annual sucker growth with cane burying is practiced as an insurance strategy.
Modifying pruning strategies has not been shown to be advantageous after fall cold
events. If rootstocks are used, research has shown greater scion survival with higher
graft positions.

Additional index words.

Vitis vinifera  bud hardiness  pruning  grafting

Cold damage to grapes is a worldwide concern but is especially prominent in cool
climates. A great deal of research has been conducted to document the types of
injuries that can occur as a result of frost and freeze events (Fennell, 2004; Goffinet,
2001; Wample et al., 2001). Injury to the vine trunk also facilitates the systemic
movement of Agrobacterium vitis and the formation of crown gall from endophytic
infections with the bacterium (Burr and Otten, 1999). The climate of the inland Pacific
Northwest is characterized by long, warm sunny days during the summer; large diurnal
temperature fluctuations throughout spring, summer, and fall; and cold to freezing
temperatures in the winter (http://weather.wsu.edu). Thus, there is potential for cold
injury to grape from fall through the spring corresponding to the harvest, dormant, and
early growth stages of the crop. The objective of this article is to provide an overview
of the potential risks and possible protection methods for grapes in Washington state,
where there are over 12,000 ha of wine and 10,000 ha of juice grapes in production
(National Agricultural Statistics Service, 2007).

TIMES OF RISK

In central Washington, based on a 6-year average, daily mean and minimum
temperatures from bud burst to harvest are above freezing, resulting in little risk for
cold injury during June to September (Fig. 1). However, minimum temperatures for late
season and postharvest dip precipitously low (less than 0 °C), and mean and
minimum dormant season temperatures are cold enough to present risk to grapes.
Implicitly, multiyear average data obscure the specific temperatures of any given year,
which suggests that the potential risk of cold injury is greater in some years than in
others.

Fig. 1.

Daily mean, maximum, and minimum temperature in central Washington
calculated as an average of 6 years of temperature data from 2001–2006.
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Historically, widespread cold temperature events that have the potential to damage
grape plants occur in Washington every 4 to 8 years (Wolfe, 2001). Site and variety
play a role in the extent of the damage and are discussed in another section. The fine
line between severe widespread damage and localized damage is well illustrated in
Figure 2. During the 1995–1996 winter, temperatures in late January/early February
were cold enough (less than –20 °C) to result in severe bud damage in ‘Cabernet
Sauvignon’, which was reflected in widespread damage throughout the growing region
and a significantly reduced crop plus vine damage the next season (Wolfe, 2001).
Although there also was a very cold period in early Jan. 2004, the minimum
temperature was just above the level for bud damage to ‘Cabernet Sauvignon’ (Fig. 2),
and overall crop and vine loss was much more localized (i.e., site-specific) than in
1996 (J. Watson, personal communication).

Fig. 2.

Minimum to maximum
temperature range in (A)
1995–1996 and (B) 2003–
2003 from October through
March and mean bud
hardiness level (10%, 50%,
and 90% lethality) for

‘Cabernet Sauvignon’ in central Washington.

As Figure 1 shows, another period of potentially damaging cold temperatures is the
postharvest period in late October/early November. Like with winter damage, the
incidence of injury varies from year to year. Weather and bud cold-hardiness data from
2001 to 2004 illustrate this (Fig. 3). In 2001, daily minimum temperatures did not fall
below the level of bud hardiness during the months of October or November (Fig. 3A).
However, in the next 3 years, daily minimum temperatures fell below bud hardiness for
some varieties at the very end of October (Fig. 3B–D). Some bud damage was indeed
noted in these years (Keller and Mills, 2007). This suggests that the fall, in addition to
midwinter, is a risky time for cold damage to grape vines in this growing region.

Fig. 3.

Minimum to maximum autumn
temperature ranges in (A)
2001, (B) 2002, (C) 2003, and
(D) 2004 central Washington.

SENSITIVITY OF DIFFERENT VARIETIES

Cultivar differences in bud hardiness have been noted by other researchers (Fennell,
2004; Wolfe, 2001). For inland Washington, the majority of juice grapes produced is
Concord grape (Vitis labruscana Bailey), whereas there are a number of different red
and white wine grape (Vitis vinifera L.) varieties grown. Mills et al. (2006) evaluated
dormant-season bud cold hardiness of a number of established and promising
varieties. Of the well-established white varieties (Washington Wine Commission,
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2007), ‘Riesling’ has bud hardiness to the lowest temperatures, whereas
‘Gewürztraminer’ has less hardy buds in the fall/early winter (October through mid-
January, ≈ –13 to –20 °C) and ‘Chardonnay’ has less hardy buds (near –20 °C)
between January and March (Fig. 4). Although the upcoming white variety ‘Pinot Gris’
shows bud hardiness that is intermediate between the well-established white wine
varieties, ‘Viognier’ bud hardiness is low in the late October/early November (−10 to –
17 °C) and December/January (near –20 °C) time periods that are associated with
past damaging cold events (Fig. 4). The pattern of bud cold hardiness is a similar
pattern as found in the well-established versus upcoming red wine varieties. ‘Merlot’,
‘Cabernet Sauvignon’, ‘Cabernet Franc’, and ‘Syrah’ have a fairly narrow range of bud
hardiness temperatures (between –20 and –23 °C December and January), and the
upcoming variety, ‘Malbec’, if anything, shows bud hardiness to colder temperatures
(Fig. 5). However, ‘Mourvedre’ and ‘Sangiovese’ buds are less hardy (between –18
and –20 °C) throughout the colder months of the year (Fig. 5B), suggesting that these
varieties may be very site-limited in the region.

Fig. 4.

Six-year (2001–2006) mean
daily maximum and minimum
temperature range and mean
bud hardiness for six white
wine grape varieties in central
Washington.

Fig. 5.

Six-year (2001–2006) mean
daily maximum and minimum
temperature range and mean
bud hardiness for seven red
wine grape varieties in central
Washington.

MANAGEMENT TO MINIMIZE COLD DAMAGE

To help grape producers assess the level of risk of cold injury to their plants,
Washington State University monitors the cold hardiness of a range of V. vinifera and
V. labruscana grape cultivars during the key months of the year using differential
thermal analysis (Mills et al., 2006). Lethal temperatures for buds and cane xylem and
phloem are posted online (http://winegrapes.wsu.edu/frigid.html) and updated weekly.
Critical temperature adjustments need to be made for variation in site, because there
are mesoclimatic differences between where cold-hardiness sample tissues are
collected and each individual vineyard site. Because the temperature at which the bud
and cane tissues of different varieties freeze continually changes throughout the
winter, such information is critical for growers to make informed decisions concerning
frost protection. Unlike with many other fruit crops, irrigation is not used for cold
temperature protection for grapes in Washington for several reasons, most compelling
of which is to keep water inputs to a minimum for product quality (Evans, 2001).

Spring and fall frost events are largely radiant with thermal inversions in this area
(Evans, 2001); thus, site selection to avoid areas of cold air ponding is critical (Snyder
and de Melo-Abreu, 2005; Wolf and Boyer, 2001). Therefore, the more cold-hardy
juice grapes are generally grown at low elevation and in valley floors, whereas wine
grapes are preferentially grown at higher elevation and on slopes with barrier-free cold
air drainage. Nevertheless, there still can be a need to decrease cold damage risk in
these sites. Although heaters have been used, the use of wind machines to take
advantage of thermal inversions and increase air turbulence has become the standard
technique for spring and fall cold protection. Synder and de Melo-Abreu (2005)
reported that temperature, measured at a height of 2 m and a distance of 30 m from
the wind machine, increased 1.5 to 3.5 °C within 15 min after starting the wind
machine and maintained this temperature differential while ambient continued to fall.
This is often sufficient to prevent vineyard temperatures from dropping to a level that



results in cold injury (Evans, 1999).

It is often believed that relatively low crop load and optimal plant nutrient status are
necessary to maximize cold hardiness of grapevines. However, although a slight trend
was found for high crop loads to be associated with slower rates of bud cold
acclimation in fall, there was no crop load effect on cold hardiness by midwinter or
during spring deacclimation. Moreover, cane hardiness was unaffected by crop load
(Wolf, 2004). The same was true when ‘Cabernet Sauvignon’ grapes were harvested
at different maturity levels or not harvested at all (Wample and Bary, 1992). Similarly,
application of up to 224 kg·ha  N rarely decreased bud cold hardiness of ‘Riesling’
grapes in eastern Washington (Wample et al., 1993). These results suggest that,
within commercially acceptable ranges and where vines can ripen their crop to
maturity, neither crop load nor harvest date or vine nitrogen status should be expected
to have detrimental effects on vine cold hardiness.

Deficit irrigation is widely used as a standard practice for high-quality wine grape
production in the inland Northwest area. However, soil moisture is generally
replenished after harvest to minimize root injury from winter freeze (Evans, 2001;
Wample et al., 2001). Young vines, especially after their first season of growth, are
sometimes buried using plows in the fall to prevent potentially lethal damage from
unusually low temperatures. In addition, some growers, especially on valley floors,
grow one or two suckers that are buried each fall and unburied in the spring to avoid
cold injury. These buried canes serve as backup reserves in case a cold event kills the
aboveground portion of the plant. Although costly, this practice is feasible in eastern
Washington because, unlike in most of the rest of the world, grapes are generally
grown on their own roots (i.e., not grafted to rootstocks).

The cold-hardier V. labruscana juice grapes are generally pruned soon after leaf fall;
both manual and mechanical pruning are used for juice grapes (Keller et al., 2004).
However, pruning of V. vinifera wine grapes, which are mostly cordon-trained and
spur-pruned in the inland Northwest, is usually delayed as long as possible to enable
growers to compensate for bud damage suffered during the winter. Because hand
pruning shortly before budbreak is not possible for many large vineyards as a result of
labor shortage, growers often mechanically preprune their vines to relatively high bud
numbers and then manually adjust final bud numbers later. In response to bud-
damaging fall cold events, Keller and Mills (2007) compared pruning treatments to
vary bud number and pruning time using standard spur pruning (prebudbreak, early
March), late spur pruning (postbudbreak, middle of May), standard spur pruning with
late repruning (double pruning, early March and middle of May), minimal pruning (no
pruning except trimming of dead cane ends to facilitate bud counting), and minimal
pruning with disbudding of all nodes (buds sliced off with a grafting knife). Overall, they
found that late spur pruning had no advantage in cluster number or yield to standard
spur pruning and that double pruning reduced bud number, cluster number, and yield.
Additionally, their data showed that minimal pruning resulted in higher bud and cluster
numbers, although this did not always translate into higher yields, largely as a result of
reduced cluster size. Overall, this study suggests that minimal or light mechanical
pruning may be a viable, inexpensive, and temporary strategy to achieve acceptable
crop yields in seasons after relatively extensive bud damage and phloem injury as a
result of very low fall or winter temperatures.

Although commercial grape production in eastern Washington predominantly relies on
own-rooted plants, there is an interest in grafting to rootstocks. This is of economic
concern, because grafted vines cannot simply be retrained from suckers after lethal
cold injury to the trunk. Because the parents of most commercial rootstocks have
evolved in North American regions that regularly experience cold winters (e.g., Galet,
1998; Pongrácz, 1983), they are likely to be cold-hardier than their V. vinifera grafting
partners. Therefore, one possible way of increasing winter survival could be to alter
the height of grafting. To evaluate this, buds of ‘Chardonnay’, ‘Merlot’, and ‘Syrah’
were made low (27 cm aboveground surface) and for both ‘Chardonnay’ and ‘Merlot’,
grafts also were made high (69 cm aboveground surface) on the rootstock trunk on
five different rootstocks. The data showed two- to threefold higher graft survival when
grafts were made at the higher position than the lower position (Keller et al., 2007),
suggesting that high grafts on a cold-tolerant rootstock has the potential to improve
winter survival. Because many rootstocks are also more resistant to A. vitis than are V.
vinifera cultivars, high grafting may also limit the incidence of crown gall after extreme
cold events (Burr and Otten, 1999).

CONCLUSIONS

−1



Overall, risk of grape vine injury from cold temperatures, in terms of both bud and
phloem damage, in the inland Pacific Northwest is greatest in the fall with intermittent
potential for localized damage during the winter. Because most of the spring and fall
injuries are associated with radiant frost events, after site selection, use of wind
machines to prevent cold air ponding has been shown to be the most effective
management tool for cold injury in Washington. Attempts to modify pruning after cold
damage have not resulted in improved crop yield or quality. Although the majority of
the grapes in this area are own-rooted, research has shown that for grafting onto
rootstocks, higher bud placement can improve bud survival and suggest that cold-
hardy rootstocks could be an option for winter cold-challenged sites.
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From: Kara Naber <southernexposure44@yahoo.com> 

Sent: Monday, July 16, 2018 4:04 PM 

To: NM Unit EIS 

Subject: NO Gila River Diversion 

 

To Whom it Concerns:  
 
We are very much against the proposed diversion of the Gila River.  Here are some of the reasons. 
 
Under the AWSA, the diverted water must be used in the state of New Mexico.  It is unlikely that 
the few agricultural irrigators who are targeted to receive the water will be able to afford to pay for 
it. 
 
 No one on the NM-CAPE has explained who will purchase the water or for how much.  They have 
stated several times at meetings that they want to sell the water in Arizona, but that would not be 
allowed under the AWSA legislation.   
 
Since the Gila River Indian Community has senior water rights to Gila River water, New Mexico 
must pay for every acre foot of water taken from the river at the current rate.  It makes no sense to 
expect to make a profit from selling the water.  
 
New Mexico’s right to take water from the Gila River system hinges upon the Gila River Indian 
Community’s ability to purchase exchange water from the Colorado River system.  Given warming 
and drying trends, exchange water will probably not be available every year or possibly even in most 
years. Flows from both the Gila and Colorado river systems will likely be reduced over time, making 
the expenditure of millions of dollars a terrible waste.  
 
In the future, any water that may be diverted to Deming will have to be paid for by higher rates 
charged to users.  In the meantime, the city is losing a tremendous amount of water because of leaks 
in its infrastructure.  Deming’s share of AWSA money could be used to replace or repair distribution 
lines and increase distribution and use of reclaimed water. 
 
5) There will definitely be environmental damage caused by the reduction in flows and flooding that 
allow natural ecosystems to survive.                              
 
At the moment, only a small number of agricultural irrigators stand to gain from this very expensive 
initial proposal.  The millions of dollars proposed to be spent here is grossly unfair, since the federal 
funds were intended to benefit the entire four-county area.   
 
There are many urgent needs among the communities in southwest New Mexico.  Dividing the 
money among the four-county region for which it was intended will be a much more equitable and 
effective use of taxpayer funds.  If our communities use this money to begin conserving water now, 



Gila River water should not be needed in the future.   
 
Thank you for your attention, 
 
Mr. & Mrs. Mark Andrews 
Deming, NM 



From: Karen Nakakihara <jimorkaren@gmail.com> 

Sent: Monday, July 16, 2018 7:47 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I do not believe that there has been much critical thought given to the Gila Diversion Project. It 
seems that it is being pushed through because of the time limit involved, whether it is a good 
idea or not. 

The stated purpose is to develop the NM Unit of the Central Arizona Project to allow for more 
consumptive use of Gila River water. It is designated for agricultural use and would allow for 
increased water use in the future. 

There are not many that would benefit from this project. There are only a few hundred farmers 
that will benefit. There are over 60,000 people that live in the region that will receive no 
benefit. The average age of the farmers was 60 in 2012 according the USDA census. That 
would make them 66 now. Will farming still be going on long enough to make this diversion 
worthwhile? 

The farms that are proposed to receive this water are not large. There are larger farms in Luna 
County and Bootheel of Hidalgo County, on the lower Rio Grande, and in Northern New Mexico. 
I wonder if the additional water would enable the smaller farms in our area to compete with the 
large ones, or if it would be a waste? 

There are other ways to use the money allocated for the diversion project, and it should be 
noted that a no-action alternative is required to be studied for the EIS. There are two 
alternative projects that are in place and in need of funds: 

1. The Deming Water Project which would be the least expensive and the quickest 
water supply strategy to meet the needs of the most people, and 

2. The Grant County Regional Water Plan which would provide water security to 
most of Grant County. 

The proposed diversion will also be an environmental nightmare. It will change the natural flow 
of the Gila River thus threatening the animals and plants that are established there. There are 
seven threatened /endangered species that rely on this habitat – the loach minnow and 
spikedace, southwestern willow fly catcher and yellow billed cuckoo, northern Mexican garter 
snake and the narrow headed garter snake, and the Chiricahua leopard frog. By altering the 
groundwater levels caused by the diversion and through additional groundwater pumping the 
project could also threaten the cottonwoods, sycamores, and willows native to this area and 
critical to the habitat. 



I know the diversion project will not help with their recovery. There is currently water being 
diverted from the Gila River during part of the year. The weirs that are proposed will require 
increased capacity and the concrete lining of a portion of the ditches. There will be access roads 
required to maintain these structures leading to more habitat destruction. 

This is a waste of money so that a few can prosper. What is needed is a well thought out plan 
to benefit the many while taking into consideration the environmental needs of the area. 

Sincerely, 

Karen Nakakihara 

601 N California Ave., Silver City NM 88061  

 

 

 

 

 



From: DIck Nelson <dicknelson@gilanet.com> 

Sent: Monday, July 16, 2018 8:29 PM 

To: NM Unit EIS 

Subject: Public Scoping Comments 

 

I am a 20-year resident of the Upper Gila River Valley and I base these comments on firsthand 
knowledge of the area. I have an MS in Entomology from the University of Minnesota. 

 

Comment 1: The proposed storage ponds (not including Winn Canyon) would have a surface area of 
2,584 acres, they would be relatively shallow (five @ 15 feet, one @ 20 feet, and one @ 35 feet in 
depth). The edges, overflow areas around the edges, and standing shallow water as a result of seepage 
and some surface areas of the ponds will provide an increased habitat for mosquitos to breed. This 
would be in addition to increased habitats that will be significant in the potential standing water of 
newly irrigated fields.  Mosquitoes (members of the Dipteran family Culicidae) are already a tremendous 
nuisance, at times, in the Upper Gila River Valley. 

 

The incidence of mosquito transmitted diseases here are not known and probably seldom identified as 
such. West Nile Virus, the cause of West Nile Fever and West Nile neuroinvasive disease, can be 
expected and additional breeding habitat may greatly increase the incidence of these diseases, which 
are serious for both livestock and humans. Only after these ponds are built, could the exact increase in 
West Nile Virus be determined. This would be a dangerous “experiment.” 

 

Comment 2: I do not have access to estimations of the IMPACT that the construction and maintenance 
of the proposed ponds and related infrastructure will have on the residents of the Gila River Valley. 
Roads will need to be built, equipment most likely will run 24/7, traffic and noise will be increase 
significantly, the burden on law enforcement will increase, schools will be affected, our small medical 
facility will not be able to handle many more patients, wells and septic systems will be challenged, etc. 
Most of the people here in the Gila and Cliff areas have little knowledge of the proposals. The proposals 
to build ponds and line ditches etc. could have HUGE and LIFE-CHANGING results for the people who live 
here. Many families are multi-generational. 

 

Comment 3: The cost/benefit of the proposed project should be seriously considered. For the 
construction alone the cost is estimated at $43,000/acre of additional irrigated crop/pasture land. 
Assumptions are based on streamflows, which may not occur consistently in the near future. The 



modeling figures based on climate change and evaporation (which will be significant) are not readily 
available to many of us. Selecting one segment of time obviously is not indicative of what the mean 
streamflow will be for, say a 20-year period, but the readings for “USGS09430500 Gila River near Gila 
NM” have been at 89-year lows for a number of days in June, 2018. 

 

Date: July 16, 2018 

 

Name: Richard Nelson 

 

Email Address: dicknelson@gilanet.com 

 

Street Address: 351 NM 211  

 

City/State/Zip: Gila NM 88038 

 

I would prefer that my personal identifying information not be made available for public view. My 
questions and comments stand on their own. 

I look forward to your email reply at your earliest convenience.  

 

 

mailto:dicknelson@gilanet.com


From: Andy Payne <andypaynenm@gmail.com> 

Sent: Monday, July 16, 2018 11:36 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Alternatives to the diversion need to be studied and evaluated on a cost-benefit comparison 
basis.  Agriculture should be the only segment of the population that benefits from 

 the funds.  Only a few hundred agriculturists would benefit from the diversion but many thousands of 
citizens in the counties would benefit if the funds were spent on local water infrastructure and conservation. 

 

Some of the alternatives that need to be studied are:   

 

1.  Deming Water Alternative Report—discusses water conservation and efficiency techniques that would 
benefit thousands of people. 

 

2.  the Grant County Regional Water Plan— it has several projects that would benefit thousands of people 
and needs more funding. 

 

3.  The Southwest Regional Water Plan—has several more projects dealing with local water issues that also 
needs funding. 
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From: Sharman Russell <sharmanrussell@gmail.com> 

Sent: Monday, July 16, 2018 7:34 PM 

To: NM Unit EIS 

Subject: NMUNIT EIS 

 

  

I have lived in Grant County since 1981 and am now a property owner with irrigated land on the 

Gila River’s Upper Gila Ditch. I love where I live, and I have worked hard to buy this property, 

build a home, and make this my community. 

  

I am very worried about the NMCAPE proposal and its effect on my quality of life and property 

values. I am concerned about the effect of the big production wells, especially the one closest to 

my land, but I also fear for my neighbors and friends. I suspect that all this infrastructure will be 

built for AWSA water in the winter and then—at some future date—used for adjudicated water 

in the summer, effectively dewatering the river starting at the diversion and past my property 

near The Nature Conservancy's Gila River Farm. Dewatering the river will mean killing the 

cottonwoods and riparian habitat in this area. 

  

I am also concerned as a citizen that so much government money is being spent to benefit the 

main irrigator in the Gila Valley—an international mining company. The justification for 

spending $50 million on this diversion project in the Gila Valley is so that this money won’t be 

spent on another project in Arizona. But if the project here in the Gila Valley is actually harmful 

to the Gila River and benefits only a very few people (and one big corporation) whereas a project 

in Arizona is useful and benefits many people—why not? Isn’t Arizona part of the United 

States? Aren’t we all Americans? 

  

Climate change is a real threat to our country's rivers and water systems. Let's be smart now 

about how we use our resources.  

  

Right now, we have a beautiful valley that manages to have both agricultural land and a 

relatively healthy river. That’s rare! The status quo is working pretty well.  



  

Please, let’s use the approximately $90 million from AWSA to improve water systems and water 

usage in the four county area of southwestern New Mexico—the original intent of the AWSA 

Act. That includes a rock weir diversion for the Gila irrigators that will not dewater the river but 

will provide them with a better system than the current push-up dams. Towns like Hurley, NM 

desperately need help getting a municipal water system. There are many other projects that 

would benefit the people of these four counties.  So much good can be done with this funding. 

Let’s ensure that this money does good rather than harm. 

  

  

Sincerely, 

Sharman Apt Russell 

424 Box Canyon Road 

Cliff, NM 88028 

 

Mailing address: 

Sharman Apt Russell 

P.O. Bos 303 

Gila, NM 88038 
 

 

--  

www.sharmanaptrussell.com 

http://www.sharmanaptrussell.com/


From: Grace Williams <gracew3749@gmail.com> 
Sent: Monday, July 16, 2018 3:06 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
I am writing as a resident of Grant County and the Mimbres River Valley. Stop the diversion project of 
the Gila River. 
The CAP continues to waste tax payer dollars on a misguided project.  
I am in support of the ideas presented in the Deming Water Alternative Report prepared by Western 
Resource Advocates and Audubon New Mexico and The Grant County Regional Water Plan to provide 
water security to a majority of residents in Grant County. 
 
Thank you for your attention, 
Grace Williams 
3749 Hwy 35 
Mimbres NM 



From: Margaret Hadderman <mhadderman@comcast.net> 

Sent: Tuesday, July 17, 2018 4:08 PM 

To: NM Unit EIS 

Subject: NM Unit EIS  (Gila Diversion comments) 

 

To the Bureau of Reclamation: 

 

We are against the proposed Gila River diversion project for many reasons.  

 

First, farmers should not be the only beneficiary. Section 212 (i) of the AWSA allows the 
New Mexico Unit Fund to be used for other pressing water needs besides agriculture. 
There are only a few hundred irrigators who would benefit from the proposed action in 
the four-county region--with a population of 60,000.  This is unfair to other residents who 
will have to pay for "extra" water going to farmers....while they receive nothing!  

 

Besides the no-action alternative (which would be MOST appropriate while free-flow 
supporters are applying for Wild & Scenic River Designation for the Gila), there are two 
very promising projects that could benefit thousands: The Deming Water Alternative 
Project and the Grant County Regional Water Plan.  The first would offer a sound and 
fairly inexpensive water supply strategy for the largest town in Luna County.  The 
second would provide water security for most Grant County residents in Silver City, 
Tyrone, Arenas Valley, Santa Clara, Bayard, Hanover and Hurley. The Grant County 
project has received only a small amount of needed funding.  

 

Second, diverting the Gila will threaten the natural flow of the river and the flora and 
fauna (including seven endangered species of birds, reptiles & amphibians) depending 
on it. The inadequately described diversion structures in the proposal would prevent an 
adequate EIS (like this one?) from being done properly. Certainly, a concrete diversion 
across the Gila River flood plain could deleteriously affect the fish depending on the 
river.  

 



Third, pumping groundwater could adversely affect aquifer storage & supply to riparian 
areas, not to mention groundwater supply to wells on farms.  

 

Fourth, due to climate change, the water may not even be available when the project is 
completed! Stream flows are expected to decrease in the next decade due to climate 
change effects--such as ever-increasing aridity and ever-earlier snow-melts. Increased 
evaporation would alter projections for storage reservoirs and aquifer recharge. Climate 
change may also dictate the kinds of crops that farmers could grow to make it 
economically. Will farming and ranching even be able to survive as viable occupations?  

 

Clearly, a cost benefit analysis is needed that includes non-diversion alternatives--like 
the Grant County & Deming plans mentioned above.  

 

Finally #1, the Gila is now a rare, free-flowing river that needs to be preserved as is, not 
diverted.  All plans and proposals should be disrupted until residents are notified if the 
river has received "wild & scenic" status.  

 

Finally #2:  Some might view the Gila River as part of southwestern NM's "ecosystem 
services and natural capital," worth billions of dollars (outside the "normal" market 
system)!  According to Robert Costanza et al: "They contribute to human welfare, both 
directly and indirectly, and therefore represent part of the total economic value of the 
planet." Costanza estimates "the current economic value of 17 ecosystem services for 
16 biomes" to be "in the range of US $16 - $54 trillion per year, with an average of US 
$33 trillion per year" [in 1996 dollars] (Nature, vol 387, p.253-260 15 May 1997).  

 

With this kind of assigned monetary value for the river as is,  wouldn't it be smarter & 
more cost-effective to promote the Gila as a grand tourist attraction--the last surviving 
free-flowing river in the Wild West?  Better yet, how about a bioregion to be studied 
before it and the species it supports disappear forever??  

 

The choice is ours--but in your hands right now.  

Sincerely, 



Margaret Hadderman and Frank Drysdale 

1017 Santa Rita St. 

Silver City, NM 88061 

575-534-9658 

 

 

 



From: Joseph Zummach <jzwilding@yahoo.com> 

Sent: Monday, July 16, 2018 2:52 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

 

To whom it may concern  

 
 

I’m submitting these comments concerning the Cliff-Gila component of the New Mexico Unit of the 
Central Arizona Project EIS.  

 
 

Starting with the Diversion structure on the Gila river my concern is with the type of Diversion structure, 
and weather or not the structure will allow the organic debris associated with peak flow events to pass 
unimpeded down the river channel, these organic debris are crucial in providing habitat for wildlife and 
the propagation and preservation of the riparian forest along the river. As a long time resident along this 
segment of the river I’ve witnessed flood events first hand and the resultant flood plane alterations, and 
have seen how log jams form among existing stands of cottonwood, sycamore, and willow, preserving 
and encouraging the regeneration of the vegetation, and the accumulation of silt among the trees.  

 
 

A related concern I have is regarding the placement of large surface storage ponds in the flood plane of 
the river. Mainly that such structures will create more destructive food impacts due to the narrowing of 
the flood plane by said structures. Also the destruction of habitat involved in these structures in 
particular the surface storage pond south of the Hwy 211 west of the river this is prime native grass and 
mixed riparian habitat. See photos taken from Hi way  211 at lat 32.9680 / long 108.6014.  

 
 



 

 
 

 
 



 

 
 

Another concern I have is the plan to line sections of the existing irrigation ditches with concrete, how 
this would destroy the these riparian corridors. These historic ditches are now part of  the mosaic of 
habitat for wildlife in the valley, specifically the Willow Flycatcher, Yellow billed Cuckoo, Beaver, 
Common Blackhawk and myriad others. As well as providing shade and  windbreaks for human dwellings 
including my own home. This would be very destructive to the quality of my life and many other 
inhabitants of the Gila valley.  

 
 

I am also concerned that the extraction wells planned along this section could potentially drawdown the 
water table affecting my well and others who depend on wells for domestic and agricultural use in the 
valley. 

 
 



I could sum up all these concerns with one big concern which is that we don't destroy the upper basin of 
the Gila River with water development, the way the lower basin has been destroyed. 

 

Sent from my iPhone 



IMG_1271.JPG
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From: Robert McCorkle <frogman3030@gmail.com> 

Sent: Tuesday, July 17, 2018 10:50 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I have read in several sources about the proposed Gila River Diversion Project. 

I believe this is an ill-conceived, excessively expensive and environmentally damaging project.  

It is an abhorrent idea to denigrate the last free-flowing river in the entire state of New Mexico when 
other less environmentally damaging and less expensive options exist for meeting future water needs in 
southwestern New Mexico. 

I worked for 20 years for the Texas Parks & Wildlife department promoting the conservation of the 
state's natural and cultural resources and protection of endangered plant and wildlife species. 

The diversion project will irreversibly damage the river's ecology, negatively impacting its wildlife and 
endangered fish species as well as the outdoor economy of the area. 

Please scrap this project and respect the integrity of one of the state's few remaining environmentally 
untainted natural resources by keeping your hands off of the Gila River's waters. 

Thank you, 

Rob McCorkle 



From: Andy Payne <andypaynenm@gmail.com> 

Sent: Tuesday, July 17, 2018 12:11 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

 The CUFA stipulates that not water can be diverted in New Mexico until the San Carlos Reservoir as 
at least 30,000 acre feet of storage in it.  With the predicted effects of climate change it is a strong 
possibility that that level will not be met in future years and the Gila Diversion would sit useless in 
those years.  Since it was built, that reservoir has gone nearly dry at least 20 times—and that was 
not even in the era of global warming!  Building the Gila diversion would be a bad bet on a very 
doubtful water supply future. 

 

 

This is a quote from the Silver City Daily Press describing the San Carlos Reservoir water level on 
Saturday July 7, 2018:  "The scene at the reservoir Saturday was gruesome.  

Mounded up against the dam was a great, putrid mound of white. Many thousands of fish 

have died in the reservoir in recent weeks due to the greatly diminished water level, caused 

by a long period of drought in the region. The air around the reservoir and dam reeked with 

the smell of the decaying fish. 

“The water is so low, they can’t survive in it,” said an employee at the San Carlos 

Recreation and Wildlife Law Enforcement Dispatch office on Saturday” 

 

Andy Payne    25 Shasta Street,    Silver City, NM  88061  



From: Carol Pittman <pittray@gilanet.com> 

Sent: Tuesday, July 17, 2018 12:30 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

Attachments: GilaRdiversionEIScomments.docx 

 

To Whom it May concern: 

Attached please find my comments on the issues related to the proposed NM Unit project 
proposed by the NM CAP E. 

  

Please acknowledge receipt of this document. 

  

Thank you, 

Carol Pittman 

  

Postal address: 

PO Box 374, 103 Ary Road 

Datil, New Mexico 87821 

  

land line phone number: 

575-772-5866 

  

email address: 



pittray@gilanet.com 



My name is Carol Pittman and I live in Datil, New Mexico. 

I have followed the Arizona Water Settlement Act (AWSA) meetings and hearings for years, beginning 

with the AWSA stakeholder meetings at the start of this process. 

At the first stakeholder meeting I attended it was evident that the most serious consideration was going 

to be given to a diversion project on the Gila River.  Such a mindset meant that most alternative projects 

were not going to be looked at with much intent for approval or funding. 

Therefore, I ask the Bureau of Reclamation to do the job of looking honestly at the proposed alternative 

projects, looking seriously at the alternatives, and looking professionally at those alternatives. 

A project that merits attention is a study of the hydrology of the Plains of San Augustin.  Preliminary 

published reports from New Mexico Tech University show evidence of underground flows of water to 

the Gila River.  When I requested a mere $200K (“mere” in proportion to the total funding available) to 

look at the hydrology of the Augustin Plains basin, I was ignored, which has resulted in the need to raise 

private money to do a job that the State should be undertaking. 

Will you please take a serious look at the hydrology of the Augustin Plains? 

Another project that is of significant importance in this Environmental Impact Statement (EIS) is the 

hydrology of the diversion for Weedy Canyon.  Significant effort on the part of a private property owner 

to restore the habitat along the San Francisco River should be weighed and evaluated as part of this EIS. 

My further comments will be based on what I have learned from meetings and articles from trusted 

sources, which will be appropriately footnoted. 

THE PROPOSED PROJECT 

“For more than a decade and after spending more than $15 million on planning, the ISC and NM CAP 

entity have failed to identify a feasible project. … The project that will be analyzed in the EIS remains 

vague …” 

The project has “incomplete plans, lack of review of feasibility, few beneficiaries, and huge costs.”  

Added to these problems is the difficulty of knowing what project is being considered; it keeps changing. 

“The NM CAP Entity’s proposed action is poorly defined, therefore making it impossible for the public to 

understand and difficult for the public to develop meaningful comments for NEPA scoping. However, 

based on the minimal information provided, we know that the NM Unit proposal could significantly 

impact threatened and endangered species and riparian habitat, will cost several times more than the 

AWSA construction subsidy provided, and will unfairly withhold NM Unit Fund dollars from community 

water projects that could meet the water needs of 60,000 people in southwest New Mexico.” 

“Diverting the full 14,000 acre-feet per year under the AWSA is speculative. Irrigators are diverting 4 

times more water than the full amount of their water rights.  According to water studies, Southwest 

New Mexico groundwater supplies can meet municipal water needs far into the future.” 



“The proposed action will require spending all the available AWSA funds on approximately 200 irrigators 

and international mining giant Freeport-McMoRan for a small amount of new irrigation water. This is 

unfair to the rest of the 60,000 people of southwest New Mexico whose water systems need 

improvements.”1 

I include these quoted paragraphs to emphasize 1) the need to look at the diversion project very closely 

and 2) the request that all suggested alternative projects be seriously evaluated.   Please also answer the 

following questions: 

1)  What are the engineering details of the proposed action? What type of diversion will be constructed?  

2)  How much new AWSA water will be diverted, how much will be lost to evaporation and seepage and 

remain for beneficial use, when will it be diverted and consumed, and for whose use and where? 

3)  Will BOR and ISC allow the diversion to dewater the river, rather than decrease river drying as the ISC 

has claimed for years? 

4)  What is the cost of the proposed action?  What is the cost of the new water? Are there any water 

users willing and able to pay for project water?   

5)  What is the net economic benefit of the NM Unit? Do its benefits exceed costs? By how much? 

6)  What are the environmental impacts of the proposed action and will the proposed action jeopardize 

the existence of the Gila River’s seven threatened and endangered species?  What project features or 

mitigation requirements will be included to reduce impacts?  

As I was unable to attend any of the recent scoping meetings on the EIS (the closest one to me was 100 

miles away), a friend kindly took notes, and the following is part of an email message she sent me 

regarding the diversion: 

“Regarding water obligations to those downstream - ie the San Carlos Reservoir - water 

cannot be diverted upstream if the San Carlos Reservoir obligation of 30,000 acre feet 

isn't met.  This last occurred 7yrs ago in 2011.  One agent at last eve's meeting said the 

reservoir is full 50% of the time.” 

Additionally, Councilman Velasquez W. Sneezy Sr. representing the San Carlos Apache Tribe’s Gilson 

Wash district, was reported in the Silver City Daily Press: 

“…Sneezy told some officials at Saturday’s meeting his Tribe is also concerned about water levels at 

the San Carlos Reservoir, created by the Coolidge Dam 15 miles south and west of the Apache Gold 

Casino and Hotel, where the scoping meeting was held on Saturday. 

 

                                                           
1 The above-quoted statements are from the Gila Conservation Coalition publication “No Dam Diversion” 



“That concern is with good reason. The scene at the reservoir Saturday was gruesome.”2 

How is this diversion project possible under the continued stress of aridification due to climate 

change? 

 

I am sure that there are many more questions that could and should be asked, but as a lay person I’m 

not sure what they are.  Please keep in mind that most of us as members of the public are not water 

engineers, water lawyers or hydrologists.  We just do our best to be informed and to ask questions 

based on the facts learned at meetings and as reported in publications available to the public. 

In closing I will quote New Mexico State Representative Matthew McQueen, a member of the 

Legislature’s Water and Natural Resources Committee.  The Gila diversion project, said Rep. McQueen, 

“seems to have a life of its own. 

“In my opinion, it looks like it keeps going for the sake of keeping going,” he said.3 

 

Submitted by: 

Carol Pittman 

PO Box 374, 103 Ary Road 

Datil, New Mexico 87821 

Phone number:  575-772-5866 

Email address:  pittray@gilanet.com 

                                                           
2 Benjamin Fisher, Silver City Daily Press, “San Carlos Apache eye diversion project”, July 9, 2018. 
3 Laura Paskus, NM Political Report, “Still no solid plans for Gila River diversion”, October 9, 2017 



From: Jo Ann Sullivan <joannsullivan8@gmail.com> 
Sent: Tuesday, July 17, 2018 6:19 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
 
 
Jo Ann Sullivan 
Dear NM Unit RIS: 
 
      The Gila River is New Mexico's 
last major undammed river and is being analyzed for a diversion project with public comments through 
July 20,2018 .   
       In my opinion alternatives to 
diversion should be used for the following reasons: 
        1. Threatened and endangered species and habitat will be adversely impacted. 
         2. Cost effective water conservation alternatives can meet water needs. 
          3. The $66 million provided can immediately be used for priority community projects to meet 
water needs far into the future without a costly diversion that requires a huge public subsidy to benefit 
very few. 
 
          Thank you. 
 
           Jo Ann Sullivan 
            10 Monte La Cueva Road 
             Glorieta, New Mexico.  87535 
              joannsullivan8@gmail.com 
 
            



From: Tom CARR <tcdenverco@msn.com> 
Sent: Wednesday, July 18, 2018 12:15 PM 
To: NM Unit EIS 
Subject: Gila River-"VET" 
 
Please “vet” this project because it has NOT been “vetted” and could NOT possibly be economically! 
Thank you. 
Tom Carr-“Save-Our-Rivers” 
 
Sent from Mail for Windows 10 
 

https://go.microsoft.com/fwlink/?LinkId=550986


From: Lisa Fields <lafields@powerc.net> 
Sent: Wednesday, July 18, 2018 8:47 PM 
To: NM Unit EIS 
Subject: NM Unit EIS scoping commentary 
Attachments: Gila River Diversion brief comment 7-16-18.docx 
 
To whom it may concern, 
 
I submit the attached comments as part of the public record for the scoping period for the EIS of the NM 
Unit 
 
Thank you, 
 
Lisa A. Fields 
 
-- 
Lisa A. Fields 
Certified Crop Advisor CCA-retired 
19 Michelle Lane 
Silver City, NM 88061 
lafields@powerc.net 
 



July 18, 2018 
 
  I am writing to urge you to support the choice of non-diversion alternatives 
in place of the Gila River and San Francisco River diversions and water storages. I 
realize this project is hazy as to its storage methods and exact location of structures. 
My comments are rooted in the concept and economics, so the as yet unsettled 
details are not relevant to my concerns.  

The Grant County Water Project  lacks funds to bring it to completion. The 
project will provide water to several thousand households in need. These residents 
of Grant County’s mining district towns have no alternative water source. AWSA 
funds should be used to complete this project. 

Impacts on other water users—there will be impacts on downstream 
users, including plant and wildlife ecology of taking water from both the San 
Francisco River and Virden area of the Gila River. These must be examined and 
included in the cost-benefit calculations of these diversion and construction 
projects. 

Stated in the Economic Study of Agriculture in Southwest New Mexico 
from the 2004 Arizona Water Settlements Act (AWSA) Water and Funding, 
(Ward and Crawford, 2014), p.34, “Added water demands per acre that could result 
from climate warming were not calculated for our study. Water scarcity could also 
be overcome with more efficient irrigation and production practices as long as ET 
(evaporation and transpiration) does not increase.”  Although evapo-transpiration 
does increase when humidity drops and temperature rises, more efficient irrigation 
always saves water over open ditch and flood systems if properly maintained. Ward 
and Crawford’s statement negates the rationale for the proposed AWSA water 
diversion and storage projects. The systems in all the proposed areas, no matter 
how vaguely defined at this point are predominantly the highly inefficient ditch and 
flood type of irrigation.  

I hold no disrespect for those who farm as their forebears did and have 
chosen not to adopt efficient irrigation methods. However, it is highly inappropriate 
to use federal dollars to support practices that are considered outdated in the realm 
of agricultural production. Instead, producers could invest through USDA cost-share 
programs in water conserving irrigation methods as appropriate for each farm’s 
site, soils, water source, and crop choices.  Water conservation applied to irrigation 
methods would save more water and be exponentially more cost-effective for all 
concerned than any permutation of NM Unit that is conceived.  
 
commentary submitted by 
 
Lisa A. Fields 
19 Michelle Lane 
Silver City, NM 88061 
lafields@powerc.net 
 
 
  



From: Armando Guerra <mandodecuba@yahoo.com> 

Sent: Wednesday, July 18, 2018 10:46 AM 

To: NM Unit EIS 

Subject: Gila River Diversion opposition letter 

 

 
I oppose diverting the Gila River.  
The intention to divert the full 14,000 acre-feet per year is speculative and unnecessary. Water needs 
can be met cost-effectively by implementing water conservation alternatives. We can immediately 
spend the $66 million provided on priority community projects that will meet our water needs far into 
the future without building a costly diversion requiring massive public subsidy to benefit very few.  
Thank you.  

 
 

Armando Guerra 

Silver City, New Mexico 88061 
 
Sent from Yahoo Mail for iPad 

https://overview.mail.yahoo.com/?.src=iOS


From: Deborah Guerra <guerra.deb@gmail.com> 
Sent: Wednesday, July 18, 2018 10:24 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
I oppose diverting the Gila River.  
The intention to divert the full 14,000 acre-feet per year is speculative and unnecessary. Water needs 
can be met cost-effectively by implementing water conservation alternatives. We can immediately 
spend the $66 million provided on priority community projects that will meet our water needs far into 
the future without building a costly diversion requiring massive public subsidy to benefit very few.  
Thank you.  
Deborah Guerra  
2308 Cottage San Rd.  
Silver City, NM. 88061 
 
Sent from my iPhone 



From: Don Hyde <hydedw@gmail.com> 

Sent: Wednesday, July 18, 2018 2:29 PM 

To: NM Unit EIS 

Subject: my "scoping" comment on Gila River diversion EIS 

 

   The Gila River must remain free-flowing thru NM! 

Otherwise, there would not be any environmental 

protection for the Gila wetlands, forests, bosque, 

and endangered species!   

   Any diversion dam should be near the Arizona 

border.  That dam should be lined with plastic, 

not clay and certainly not asphalt. The clay 

is problematic due to the thousands of truck 

loads that would be necessary to deliver it. 

  If the purpose of the AWSA is to improve the 

region's water supply, building a dam and 

storage ponds would not achieve this purpose. 

  Any dam on the Gila in NM would be 

counterproductive due to the resulting 

damage to Gila wetlands and evaporation. 

   Reasonable alternatives to dam and storage 

do exist.  These would save taxpayer $, prevent  

exorbitant water costs for local residents and farmers, 

would allow them adequate groundwater supply, prevent 



wasteful evaporation, and enable the local thriving                                                                  recreational 
industry to continue. 

  These alternatives include: 

municipal and agricultural water conservation; 

effluent reuse; individual wells where necessary; 

watershed restoration and rainwater harvesting. 

   

   Sincerely, 

Don Hyde 

113 - A  Mesa SE 

Albuquerque NM  87106 

 hydedw@gmail.com 

 

 

 

 

 

 

 

mailto:hydedw@gmail.com


From: A,E,A Jacobson <beepbeep@cybermesa.com> 
Sent: Wednesday, July 18, 2018 9:48 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 

July 18, 2018  (from Ed Jacobson) 

  

Comments for consideration for the EIS for the New Mexico Unit of the Central Arizona Project 

  

(It is noted that of the eight Bureau of Reclamation Lower Colorado Region information sheets 

handed out at the eight scoping meetings held in New Mexico (5) and Arizona (3) between July 

2 and July 13, one is dated June 2018 and seven are dated July 2018.  Issue No. 1 of the NM Unit 

of the CAP EIS, dated June 2018, states that "The Secretary may contract with users in New 

Mexico for up to an annual average of 14,000 acre-feet of water over any consecutive 10-year 

period, over and above consumptive uses provided by Article IV of the Decree of the Supreme 

Court of the United States in Arizona v. California, 376 U.S. 340 (1964)."  It would aid rational 

discussion if Issue No. 2 detailed what the actual historical average annual values over 

consecutive 10-year periods would have been.  Apparently, there is historical data available from 

which the calculations can be made.  For the years 1937 through 2013 there are 58 consecutive 

10-year periods.  There may be several methods that can be used to get a number for each of 

those consecutive periods.  Those numbers, arrived at by different methods, even if not in close 

agreement, would aid in the formulation of useful comments during the writing of the EIS.  It is 

necessary if the often-printed maximum 14,000 acre-feet quantity is to be put in perspective.)   

  

There will probably be a lot comments on water, vegetation, fish and wildlife, land use, and  

perhaps cultural resources.  Discussion of social and economic conditions should not be limited 

to communities along the Gila River.  The Gila Wilderness is a national and arguably 

international resource.  To a lesser degree, so is the idea of a free-flowing Gila River, at least the 

portion of it in New Mexico.  Just as there are persons who will never visit wilderness areas in 

Alaska, knowing that such areas exist is of value to them.  The same can be said for a small river 

in the southwestern United States. 

  

The "needs" of the proposed action to (1) "improve agricultural use" and (2) "provide for future 

expansion" do not appear to be supported.  There is already considerable agricultural activity in 

the Cliff-Gila, Virden, and San Francisco areas which might or might not be beneficially affected 

by proposed actions.  No needs for any changes to present river flow manipulation appear to be 

documented.  The naturally-occurring changes in the river associated with high flow events have 

been detrimentally altered by existing diversions and levees.  The proposed actions do nothing to 

counter the degradation.  In fact, the health of the river, maintained by major streambed changes 

caused by high flow events, does not appear to have been considered. 

  

Assuming needs for additional tampering with Gila River flow were to be established, several 

things need to be considered in addition to the effects on endangered species.  Four of many are 

mentioned below.  (It is assumed that each will be dealt with in detail in the Principles, 

Requirements, and Guidelines analyses.) 

  



1.  The historical natural variability of river flows in arid environments and man-made changes 

already affecting the Gila 

2.  The quantity of Gila River water legally available for diversion 

3.  The risks to any man-made structures due to occasional extremely high stream flow 

4.  Prudent spending of the dwindling funds made available by the AWSA of 2004 

  

1.  The historical natural variability of river flows in arid environments and man-made 

changes already affecting the Gila 

From page 2.24 of a Mussetter Engineering, Inc., June 23, 2006, 241-page report (titled 

Geomorphology of the Upper Gila River Within the State of New Mexico) submitted to the New 

Mexico Interstate Stream Commission: 

  

http://www.ose.state.nm.us/Basins/Colorado/AWSA/Studies/2006_Musseter_GeomorphRpt.pdf 

  

The portion below in italics was quoted from a Bureau of Reclamation document. 

  

"The hypothesis that local modifications of the Gila River channel is responsible for the 

observed geomorphic change in the Cliff-Gila and Virden Valleys is supported by all the 

available data. The fact that change in runoff and sediment flux from the upper Gila River basin 

can be discounted as the cause of geomorphic change points to a factor that must be present in 

each of the valleys. The Catalog of Historical Changes and the Geomorphic Map and Analysis 

document the close correspondence between levee construction and subsequent failure and 

redirection of flow by levees and significant geomorphic change along the Gila River in the 

Cliff-Gila and Virden Valleys. Further, the construction of levees led to decreased sediment 

transport resulting in channel aggradation. Finally, the straightening and channelization of 

steep tributaries from the point where they intersect the mainstem floodplain and the mainstem 

itself is causing rapid formation of prograding alluvial fans in the Gila River channel. In many 

cases, these out-of-place fans are shunting the mainstem flow against the opposite bank, eroding 

that bank and causing loss of land resources."  

  

"The Bureau appears to ignore all the evidence of dryland river response to hydrologic change, 

which is the most convincing explanation of Gila River change. Levee failure can explain local 

erosion, especially where levees not only act to confine water, but also reduce channel width 

(Geomorphic Maps 1, 3, 8, 9, 10). One cannot ignore the history of the Gila River, which clearly 

demonstrates the effect of large floods on channel dimensions (Figures 2.7 through 2.11). 

Clearly, even without levees, the Gila River would erode its banks and shift position on the 

floodplain in response to periodic floods of long duration.  

  

"A final example of the effect of floods on the Gila River is provided by Doeing et al. (1997). 

They studied, among others, pipeline failures as a result of Gila River scour, during the 1993 

floods. Failures, as a result of scour and lateral erosion, occurred at Duncan, Winkelman, 

Coolidge, and Gillespie Dams, all in Arizona. Scour depths were calculated for the 100-year 

flood (Table 2.1), in order to provide the gas company with a guide for pipeline burial below the 

Gila River channel. Lateral erosion and channel shift (Table 2.1) were determined from before 

and after aerial photographs and other sources." 

  

http://www.ose.state.nm.us/Basins/Colorado/AWSA/Studies/2006_Musseter_GeomorphRpt.pdf


2.  The quantity of Gila River water legally available for diversion  

In very few years has there been or will there likely be 14,000 acre-feet available for diversion 

from the Gila.  According to Gaume, Coha, and Brainard, 

  

http://state.awra.org/new_mexico/documents/2014%2009%2030%20Gaume%20AWSA%20deb

ate%20slides%20AWRA%20r1.pdf 

  

in the years 1937-2013, the Gila's flow in 18 of those years was insufficient for any diversion, 

and in 17 of those years less than 2500 acre-feet would have been available.  It's my 

understanding that other calculations have been made.  It is suggested that this sort of 

information, including differing conclusions, if any, be included in the EIS. 

  

3.  The risks to any man-made structures due to occasional extremely high stream flow 

At 18:30:00 on July 18, 2018, Gila River flow below Blue Creek, near Virden, NM, USGS 

Station 09432000, was 10.5 cfs.  The historical peak flow at this station was 58,700 cfs on 

December 19, 1978. 

  

https://waterwatch.usgs.gov/index.php?r=nm&m=flood&w=flood%25252Ctable 

  

Greater than 10,000 cfs flows were recorded at USGS Station 09432000 in: 

1940 

1941 

1946 

1949 

1959 

1966 

1967 

1973 

1979 

1984 

1985 

1991 

1993 

1995 

1996 

1997 

2004 

2005 

2008 

2013 

Dates and flows for the above years is at: 

  

https://nwis.waterdata.usgs.gov/nwis/peak?site_no=09432000&format=html 

  

4.  Prudent spending of the dwindling funds made available by the AWSA of 2004 

http://state.awra.org/new_mexico/documents/2014%2009%2030%20Gaume%20AWSA%20debate%20slides%20AWRA%20r1.pdf
http://state.awra.org/new_mexico/documents/2014%2009%2030%20Gaume%20AWSA%20debate%20slides%20AWRA%20r1.pdf
https://waterwatch.usgs.gov/index.php?r=nm&m=flood&w=flood%25252Ctable
https://nwis.waterdata.usgs.gov/nwis/peak?site_no=09432000&format=html


As has been often noted by many, the money available from the AWSA does not have to be 

spent on projects that affect the flow of the Gila River.   

  

"Withdrawals from the New Mexico Unit Fund shall be for the purpose of paying costs of the 

New Mexico Unit OR (bold mine) other water utilization alternatives to meet water supply 

demands in the Southwest Water Planning Region of New Mexico..." 

  

Above can be found on page 53 of 98 of Public Law 108–451 as shown at: 

  

https://www.gpo.gov/fdsys/pkg/PLAW-108publ451/pdf/PLAW-108publ451.pdf 

  

Re-reading a portion of Public Law 108-451 raises the question of whether any construction 

money can be made available for the proposed actions.  It says, and appears to mean, that if 

10,000 acre-feet, on average, per year, cannot be supplied, then the Secretary of the Interior 

cannot approve the project.    

  

From page 118 STAT. 3530 (page 54 of 98): "the Secretary must have issued in the Federal 

Register not later than December 31, 2019, a Record of Decision approving the project based on 

an environmental analysis required pursuant to applicable Federal law and on a demonstration 

that construction of a project for the New Mexico Unit that would deliver an average annual safe 

yield, based on a 50-year planning period, greater than 10,000 acre feet per year, would not cost 

more per acre foot of water diverted than a project sized to produce an average annual safe yield 

of 10,000 acre feet per year." 

  

Cliff-Gila Valley ponds storing 4,000 acre-feet, ponds providing 500 acre-feet in the Virden 

Valley, and a 1,900 acre-feet reservoir near Alma total 6,400 acre-feet, far short of 10,000.  How 

can the Secretary sign such a Record of Decision?  Even if 10,000 acre-feet was available every 

year, which is impossible, 6,400 doesn't meet the AWSA's requirement of 10,000 annual 

average.  However, it is probably more complicated than that.  After the legislation says the 

Secretary must issue a Record of Decision by 12/31/19, it says the Secretary can extend the 

deadline to 12/31/30, 26 years after the AWSA became law.  And it implies that 11 years is a 

"reasonable period of time." 

  

In the best interests of all, the Bureau of Reclamation and NMISC should simply abandon efforts 

to further manipulate the Gila River in New Mexico and concentrate on "other water utilization 

alternatives," as provided by the AWSA of 2004. 

https://www.gpo.gov/fdsys/pkg/PLAW-108publ451/pdf/PLAW-108publ451.pdf


From: Mary Jemin <mary.jemin@gmail.com> 

Sent: Wednesday, July 18, 2018 11:32 AM 

To: NM Unit EIS 

Subject: Fwd: NM Unit EIS 

 

Continuation of comments: 

 

Overall this project poses risks and costs that do not appear to benefit the majority of the residents of 
the four county area.  In addition, it relys on water and the ability to pay to replace water at a time when 
historic sources are extremely low.  How can you projedct the cost of replacement water or its 
transportation?   

 

This project need would be better met through conservation measures and small local water projects.   

 

Thank you for you time and consideration.  I look forward to the draft EIS. 

 

 

Mary Jemin 

---------- Forwarded message ---------- 
From: Mary Jemin <mary.jemin@gmail.com> 
Date: Wed, Jul 18, 2018 at 11:00 AM 
Subject: NM Unit EIS 
To: NMUnitEIS@empsi.com 
 

Dear Bureau of Reclamation, 

 

Thank you for the opportunity to comment on the New Mexico project. 

 

mailto:mary.jemin@gmail.com
mailto:NMUnitEIS@empsi.com


After attending several CAP entity meetings and the July 9, 2018 scoping meeting for the proposed 
diversions of the Gila and San Francisco Rivers, I have the following comments and questions. 

 

Under the section of the Planning Phase document of June 2018 the sataement of Purpose and Need: 

 

Ths section is extremely vague.  It is not clear who is getting the water, or why,  The stated need (a) is 
to,"improve agricultural use, and (b) provide capability for future expansion for authorized beneficial 
purposes."   This project appears to be solely for the benefit of current agricultural interests and any 
others who con=me along in the future.  I do not see how this benefits the rest of the population 
(majority) of the four counties who are not in the agricultural business.   

 

Under Data Collection Activities: 

 

Recognizing the danger to sensitive cultural sites, how will Reclamation and the team ensure that no 
sites are overlooked or ignored?  Many ranchers do not recognise the importance of these sites. 

 

Under Proposed Action: 

 

par. 1 basically says,"trust us". 

 

bullets 1-6, These improvements appear to benefit only the Cliff-Gila ditch owners at the cost to all of 
the four county residents.   

bullets 7-9  Same as 6, but benefitting only the Virden Valley ag. folks. 

bullets 10-14,  Again we have a small number of private businesses benefitting at the cost to all other 
residents 

                    Now we have another,"diversion structure", this time on the San Francisco River near Alma.   

 

General comments on the Plan: 



 

  The entire plan lacks details about cost, which is indicative of the total lack of detail about what will be 
built and where.  Mention is made of pumps, pipelines and diversion structures, but nothing about cost, 
or worse, the expense of operation and maintainence of the proposed structures.  How will pumping 
from unlined storage ponds affect other area residents.  Many of those folks paid for water rights, and 
some have wells in the area that could be affected by this project.   

 

  No discussion about the San Carlos Reservation or any consultation with them in this process. 

 

  There are several known endangered species in the project area.  No discussion of them, or potential 
mitigation.  This cost can exceed the cost of the physical structures in the project.   

 

 

 

 

  

   

 

 



From: Mary Jemin <mary.jemin@gmail.com> 

Sent: Wednesday, July 18, 2018 11:00 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Bureau of Reclamation, 

 

Thank you for the opportunity to comment on the New Mexico project. 

 

After attending several CAP entity meetings and the July 9, 2018 scoping meeting for the proposed 
diversions of the Gila and San Francisco Rivers, I have the following comments and questions. 

 

Under the section of the Planning Phase document of June 2018 the sataement of Purpose and Need: 

 

Ths section is extremely vague.  It is not clear who is getting the water, or why,  The stated need (a) is 
to,"improve agricultural use, and (b) provide capability for future expansion for authorized beneficial 
purposes."   This project appears to be solely for the benefit of current agricultural interests and any 
others who con=me along in the future.  I do not see how this benefits the rest of the population 
(majority) of the four counties who are not in the agricultural business.   

 

Under Data Collection Activities: 

 

Recognizing the danger to sensitive cultural sites, how will Reclamation and the team ensure that no 
sites are overlooked or ignored?  Many ranchers do not recognise the importance of these sites. 

 

Under Proposed Action: 

 



par. 1 basically says,"trust us". 

 

bullets 1-6, These improvements appear to benefit only the Cliff-Gila ditch owners at the cost to all of 
the four county residents.   

bullets 7-9  Same as 6, but benefitting only the Virden Valley ag. folks. 

bullets 10-14,  Again we have a small number of private businesses benefitting at the cost to all other 
residents 

                    Now we have another,"diversion structure", this time on the San Francisco River near Alma.   

 

General comments on the Plan: 

 

  The entire plan lacks details about cost, which is indicative of the total lack of detail about what will be 
built and where.  Mention is made of pumps, pipelines and diversion structures, but nothing about cost, 
or worse, the expense of operation and maintainence of the proposed structures.  How will pumping 
from unlined storage ponds affect other area residents.  Many of those folks paid for water rights, and 
some have wells in the area that could be affected by this project.   

 

  No discussion about the San Carlos Reservation or any consultation with them in this process. 

 

  There are several known endangered species in the project area.  No discussion of them, or potential 
mitigation.  This cost can exceed the cost of the physical structures in the project.   

 

 

 

 

  

   



 



From: Starr Belsky <belskoid@yahoo.com> 

Sent: Thursday, July 19, 2018 10:30 PM 

To: NM Unit EIS 

Subject: Public Scoping Comment Card 

Attachments: NEPA Comments on NM CAP proposal.docx 

 

To: U.S. Bureau of Reclamation 
From:  Starr Belsky, Silver City, NM 88061 

Attached please find my comments on the NM CAP Unit proposed action, as part of the scoping process 
under the National Environmental Policy Act. I make these comments after having read closely the project 
Summary Report of July 5, 2018, and the BOR’s online material regarding Preliminary Resource Topics 
for Analysis; Principles, Requirements, and Guidelines; CUFA summary; and summary of Project 
Components. 

 

 

Thank you for the opportunity to provide input and ask questions. 
 
Sincerely, 
 
Starr Belsky 
Silver City, NM 
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NEPA Comments/Starr Belsky 07-19-2018 

To: U.S. Bureau of Reclamation  
From:  Starr Belsky, Silver City, NM 88061  

These are my comments on the NM CAP Unit proposed action, as part of the scoping process under the 
National Environmental Policy Act. I make these comments after having read closely the project 
Summary Report of July 5, 2018, and the BOR’s online material regarding Preliminary Resource Topics 
for Analysis; Principles, Requirements, and Guidelines; CUFA summary; and summary of Project 
Components.  

Data Gaps and Information Needs 

Structural Information 

The one thing neither the July 5th report nor BOR’s relevant webpages provided were actual 
schematics and detailed descriptions of the possible diversion structures and conveyances. The 
Summary Report (SR), on p .2, refers to a description of the proposed structure for the Upper Gila Area 
found in AECOM’s Oct. 17, 2017, Final Report. It took quite a bit of searching for me to find this, and I 
think it is important for the public to be able to see what the proposed type of structures look like and 
their approximate size, even though these are the not the final versions. I strongly recommend that 
the relevant BOR webpages add a link to the following url:  

http://www.ose.state.nm.us/Basins/Colorado/AWSA/Studies/2017_AECOM_NMUnitPhase2Rpt.pdf 

and that the pdf of the July 5, 2018, Project Summary be revised to do likewise.  This would address 
some of the vagueness that the current proposal suffers from. Without visuals and/or very detailed 
descriptions of the designs under consideration, this process is asking the public to comment on a pig 
in a poke. 

Hydrologic Data 

Public Scoping Comment Card 
PLEASE PRINT 

Date:  07-19-2018 
Name:  Starr Belsky 
Organization:  N/A 
Email Address:  belskoid@yahoo.com 
Street Address:  842 W. Hester St. 
City/State/Zip: Silver City, NM 88061 



NEPA Comments/Starr Belsky 07-19-2018  p.2 
 

A number of times the July 5 SR mentions missing or outdated information. Some examples: 

Page 3: AECOM needs to update diversion and yield models for Cliff-Gila area for the proposed 
infrastructure; also there is no groundwater model for migration and timing of movement. Estimations 
for evaporative and conveyance losses, and groundwater depths need to be confirmed. 
 
Page 4: More hydrologic analyses are needed to confirm the capability and capacity of the nine 
proposed production wells.  
 
Page 9: The depth to groundwater is unsubstantiated. 
 
Given the estimated construction costs for some of these items, it would seem important to have the 
data to evaluate more precisely how (or whether) they would function aa described and what their 
impacts would be. 

Availability and Amount of AWSA Water for Use—the Issue of Uncertainty 

In the context of our region’s cyclical ongoing drought, probably intensified by the effects of global 
climate change, it is important to consider how likely and when the amount of diverted river water 
being built for (and the extra capacity being built for) will be actually be available. Several years ago, 
climatologist David Gutzler from UNM did a presentation in Silver City on possible impacts of climate 
change on our region. Given the small statistical area for climate analysis, he was cautious about 
predictions, but he considered it highly likely we would experience ever warmer and drier winters, with 
decreasing snowpack. So far that has largely held true. Without significant snowpack for recharge, 
especially from spring snowmelt, one has to wonder just how much river water will actually be 
available for diversion and irrigation, within the limits of the CUFA. Then there’s the question of 
associated declines in the water table and evaporative loss from ponds, in this context  

Another aspect of drought/climate change is its effect on the legal availability of water from the Gila 
River, given that 1) “there are minimum monthly flows that must be bypassed (for the benefit of 
downstream users in Arizona) before any diversion can occur in New Mexico,” and 2) “no water shall 
be diverted in New Mexico in any calendar year until San Carlos Reservoir has at least 30,000 acre-feet 
of storage.” SE Arizona is subject to the same drought effects as SW NM. According to the Arizona 
State Climate Office, “Winter snowfall through December [2017] was much below average across the 
state, and it was particularly dry in southern Arizona.” (https://azclimate.asu.edu/drought/)  So, 
sources of recharge to replenish the San Carlos Reservoir are diminishing as well. 

According to the US Drought Monitor, as of July 17, 2018, the area around the San Carlos Reservoir is 
rated at D3--extreme drought. During June 2018, the San Carlos Reservoir and surrounding region was 
rated between D3 and D4, extreme to exceptional drought. Note that the SR mentions that 25% of 
water usage in the area of the proposed CAP units is used in June—a dry time for the region of the San 
Carlos Reservoir as well. 

Some statistics at waterdat.usgs.gov show times during the year when storage has fallen below 30,000 
acre-feet at the reservoir. (These values were based on “Mean of daily mean values for each day for 6 - 
8 years of record in, ac-ft [Calculation Period 1987-10-01 -> 2018-09-30].” It would be more useful to 
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find weekly and monthly trends for the past 21 years that the drought has officially existed, and 
median values, not averages. Given the ongoing drought, especially with regard to snowpack and river 
recharge, it would seem there could be an increased likelihood that during June especially (“25% of 
total irrigation requirement being in June,” p. 6), the water may not be legally available for diversion 
because the San Carlos Reservoir would be below the 30,000 acre-ft storage threshold. This needs to be 
researched. 

Given the above factors, will enough water even be consistently available to justify the scale of the 
proposal in July 5, 2018, SR?  

In connection with water availability and the regulatory limits to use, “New Mexico can never divert 
more than 350 cubic feet per second (cfs) out of the Gila or the San Francisco.” Who will be monitoring 
the multiple CAP sites and how frequently? Is there a cost for the manpower required? 
 

Economic Considerations—Long-Term Viability 

Additional Cost Data Needed 

This is an extensive and expensive project overall, one that has pushed aside other useful and less 
“invasive” proposals for the AWSA funds. Therefore, it is important to evaluate the likelihood that it 
will lose functionality once completed because  

a) the funds and human resources will not be there for maintenance and operation, and  

b) the water will not be affordable to the small-scale users (those who do not have the deep pockets of 
the largest landowner and water rights holder, Freeport-McMoRan).  

And yet there is no discussion of this in the SR. These concerns need to be evaluated. 

a) Operation and Maintenance 

--No cost estimate for how many people and man-hours will be needed to monitor and maintain the 
pumps at each of the project areas. 

--No estimate of personnel and equipment costs for periodic clearance of silt, sand, clay, and gravel 
that will accumulate behind/within diversion structures and in conveyances—especially after periods 
of intense summer rainfall/flooding—that could decrease flow, add turbulence, and reduce efficiency 
of the systems installed. 

--No estimates of ongoing electrical costs for pumping or for installation and maintenance of solar 
generators or other off-grid power generation options. 

b) Affordability 

--No estimates of the cost of paying the downstream rights holders for the use of their water. 
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--Without an estimate of maintenance/operation costs and the cost of reimbursing the downstream 
rights holders, there are no estimates for the cost of project water per acre per year for users in the 
proposed project areas. 

Given that no numbers have been put forth for the last item (to my recollection), this reminds me of 
someone who spends all their money on an expensive sports car but therefore has no resources left for 
premium gas, parts/repairs, maintenance, or insurance. However, a sports car can be sold to recoup 
some of the expenditure. Most of the proposed infrastructure cannot really be sold if the water from it 
is too expensive to use. I suppose someone can sell their land for a good price if it has access to AWSA 
water. I wonder who will buy it who could also afford the water—or afford not to use it? Another small 
agricultural entrepreneur? Not likely. Then how would the original intent of this project be served?  

One response to issue of affordability by the NM CAP Entity is the notion of using the interest from the 
“corpus” of the NM Unit Fund for ongoing annual costs, enabling it to provide AWSA water to irrigators 
for free. As money is drawn down from the fund to pay for construction costs, it would seem that this 
interest would diminish. How much, how fast? I think it’s very important that the BOR’s economic 
analysis acquire from the Entity a worksheet of what is proposed to evaluate it for soundness. 
 
Some other items from the SR that raise questions about cost: 
 
p. 8: “Access for construction and maintenance facilities will need to be identified and included with 
proposed improvements.” Where is this shown as part of costs? Since there is mention of “preferred 
sites” where landowners are amenable to storage ponds, is there any cost to that 
acquisition/permission? 
 
p. 10: Regarding the Virden Valley project, “Improvements to canals include measuring gauges for 
individual farm divisions and other improvements to improve efficiency of delivery.” Vague—what 
costs, who pays? 
 
p. 14: The Weedy Canyon Storage Reservoir is a big ticket item and a large-impact project. If I 
understand correctly, it would not be paid for with AWSA funds—but I assume it still falls under the 
NEPA review process, yes? This needs to be clarified. My followup question is, how will it be paid for? 
And if one is looking at costs, then the cost of financing (fees to the brokers and interest) must be 
included in the overall cost of the project. 

Who Benefits from This Project? 

Owners of Fallow Land? 
 
Fallow land is mentioned a couple of times in the SR, in the context of possible access to AWSA water 
from the proposed projects.  For instance, on pp. 5-6 of the SR (Upper Gila Area), there’s mention of 
fallow land on both sides of the river that could potentially use AWSA water; the same thing on p. 12 
regarding the Weedy Canyon diversion and retention project. Who owns this land and what would 
they stand to gain in land value? What about constructing conveyances for it? Cost? Who pays? And 
what will be potential new inputs to groundwater/river water from the ensuing possible land uses, 
such as nitrogen from fertilizer or cattle manure, or runoff from housing developments? Are there 
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speculative non-farm entities who could benefit from the increased value of that land? And is this 
something that federal money should be used to support (while leaving other AWSA proposals for 
public benefit unfunded)? 

Environmental Considerations 

No doubt the BOR will receive many well-informed comments of concern about possible adverse 
impacts to endangered species and habitats. I noticed on the area maps short red-and-black line 
segments that the key labels “potential habitat area.”  I am unclear whether these mark where they 
currently are or where they could be created/encouraged. My problem with this is that these snippets 
of riverbank do not function as habitats in isolation but rather in interaction with miles of the river 
course. Impacts in one area reverberate in another; the system is not static. I hope this will be 
evaluated. 

Concerning water availability for habitat/species and human recreation, I hope the BOR looks carefully 
at the impacts of increased groundwater pumping associated with the proposed new infrastructure. It 
has been suggested that the current proposal does not conform to the ISCs 150 cfs minimum flow. I ask 
the BOR to carefully evaluate whether this will cause water tables to periodically drop and actually 
increase the extent of dry riverbed, likely harming the endemic riparian vegetation, with adverse 
impacts to fish, birds, and other animals. 

I also would like to know whether the actual construction processes will require temporary dewatering 
of portions of the river and whether any research and planning will be done to schedule such 
dewatering for the least damaging time as far as the biota are concerned. 

Regarding the Upper Gila Area, the new diversion structure goes behind the existing push-up dam, and 
the downstream Ft. West ditch push-up dam will be extended upstream to the new diversion 
structure. This sounds like it will significantly modify stream flow along more than 2,300 linear feet. 
What impact will this have on various fish species’ habitat and spawning? 
 
Among the direct stakeholders affected by this proposed action is The Nature Conservancy. Their 
commitment to habitat and species restoration in this area has been long standing, and they are a 
source of considerable and valuable local knowledge/expertise about the interactions of the river with 
the habitat, biota, and the groundwater. I do hope you pay close attention to any concerns and 
recommendations The Nature Conservancy staff put forth, given how much time, energy, and money 
have been invested in their riparian restoration efforts. I and many others do not want undone the 
beneficial environmental effects of their habitat restoration. 
 
This leads to another consideration associated with adverse environmental impacts—adverse 
economic impacts 
 
Environmental Quality/Preservation and the Local economy  

 
There has been an ongoing effort among Grant County’s businesses and governments to diversify and 
stabilize our region’s economy through tourism—and the Gila and San Francisco Rivers are 
components of our promotion. I have not had time to search databases for the economic input from 
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outdoor recreation in our area, but as a former business owner, I can attest that visitors come here to 
enjoy our natural resources—in the case of the Gila, to fish, raft, hike, and camp. Furthermore, over 
the years many visitors have retuned here to retire or set up their own businesses because of the draw 
of the area’s natural beauty and recreational opportunities. Tourists support our lodging 
establishments, restaurants, gas stations, and retail businesses, and the gross receipts generated 
contribute to Grant County’s funds for services, infrastructure, and education. Those who relocate here 
because of its appeal contribute in the same way, but even more via ongoing retail purchases (GRT), 
property tax, and by establishing businesses. They also contribute social and human capital in the form 
of volunteer work and active participation in the community as a whole. I hope the benefit of this is 
given serious consideration when looking at the proposal’s effects on the Gila and San Francisco rivers.  
 
“A PR&G Analysis Must Identify, Describe and Consider Areas of Risk and Uncertainty for Potential 
Investments in Water Resources” 
 
Given the limited data in the SR, the lack of visuals for the structures being proposed, and the 
significant uncertainties about the affordability and availability (both legally and climatically) of water 
that this project is supposed to provide, I have grave concerns about whether the proposed action will 
simply be another expensive boondoggle, paid for by the fees from the population of water users 
drawing on Colorado River water through the CAP. I’d hate to see this money wasted when a no-action 
alternative that entails water conservation through updates to our area’s water infrastructure would 
serve so many more people and do much more to “harden” our region against water shortages from 
long-term drought and the uncertainties of climate change. Furthermore, such an alternative would 
have no foreseeable negative environmental impacts. 
 
What does this current proposal seem to provide? Support for a kind of agriculture that may no longer 
be suitable for this region in the context of recurring drought and climate change; access to water to 
compensate for water rights lost decades ago; and enhanced property values. One of the largest, if not 
the largest, property owners and water rights holders is Freeport-McMoRan. Because of the scale of 
their holdings, they stand to gain a good deal, it would seem, from this project—at the expense of the 
greater population that could benefit from alternative water conservation plans.   
 
Perhaps this choice is an issue of environmental justice: is it economically just to serve a relative few 
(and one very large corporate beneficiary) for $50 million-plus, especially when actual availability and 
affordability of the project’s water seem so uncertain? There are many limited income people in our 
area living in houses with aging, leaking plumbing, and communities with aging, leaking water 
conveyance and sewerage infrastructure. It seems there would be more bang for the buck and benefit 
for more people to put the AWSA funds toward this application than toward a project whose 
usefulness, especially in the long run, is uncertain and whose environmental impacts could result in 
long-term damage. 
 
Thank you for this opportunity to share my concerns and input. 
 
Minor notes: 
 

1. Math errors/typos: table 1-1 (p.4) total amount should be less: $5,053,750; table 4-2 (p.13) 
total cost should be $949,600. On p.15, table for San Francisco River area: $819, 600 should be 
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$949, 600 for a total of $2,397,950. Therefore, table showing Total Estimated Cost to Be Paid by 
AWSA Funds should be $50,464,059. 
 

2. Table 2-1 (p.8) Under Comments heading, missing language: “50 CFS for length of.” Of what? 
 

3. p.12: Under Spurgeon Diversion Structure; should it read 50 CFS instead of 75 CFS? 
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Word Document. 
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Kate Brown 



Gila River Diversion NEPA Process Comments  

from Mimbres Valley resident Kate Brown on 7-19-2018: 

 

My parents are both Westerners from eastern Washington State.   My maternal uncle, Nat 

Washington, was a state senator during the 50s & 60s who was instrumental in the building 

of the Priest Rapids and Wanapum Dams on the Columbia River, which provide electricity 

and irrigation water to a large swath of arid Eastern Washington.   

 

A colorful and thoughtful man, late in his life he told me “I was a dam builder, now I see we 

went too far.” He was born in 1913, came of age in the Great Depression, watched the Grand 

Coulee Dam be built on land 1/8 mi. upriver from the land his father, my grandfather, 

homesteaded on the Columbia.   

 

I give this family history as context to my opposition for the CAP entity’s current diversion 

plan for the Gila and San Francisco Rivers in southwest New Mexico. 

 

According to Norm Gaume, former chair of the Interstate Stream Commission, (ISC) Gila-

Cliff and San Francisco Valley irrigators need efficiency improvements to their existing 

infrastructure, not additional water. His analysis of the state’s own data shows that the area’s 

farmers are among the least efficient in New Mexico. In 2014 and 2015, the area’s three 

ditches diverted 26,840 acre-feet of water each year to irrigate an average of 1,410 acres of 

land. That means the farmers are using 17.6 acre-feet of water for each acre annually. which 

is vastly higher than average use. 

 

As currently planned, the project would benefit fewer than 50 irrigators, as well as Freeport-

McMoRan Copper & Gold, Inc., which owns the area’s three copper mines. Decades ago, 

farmers sold their water rights to Phelps Dodge, which Freeport bought in 2007. Today, 

Freeport leases land and water back to the farmers in the valley. In total, fewer than 2,000 

acres are currently irrigated in the valley—for pasture, not crops—and Freeport owns more 

than half those lands. 

We have learned from Allyson Siwik, Director of the Gila Resources Information Project 

(GRIP) also explained that despite misconceptions about the 2004 legislation, New Mexico 

will not “lose” the 14,000 acre feet if it doesn’t build a diversion. “The right to exchange that 

water is in perpetuity,” she said. “That does not go away.” 

I strongly urge the BOR to recommend using what remains of the $66million from the 

AWSA to fully fund the numerous Non-diversion Alternatives:  

• Municipal Water Conservation measures to reduce the demand for water and therefore 

minimize the need to develop new water supplies.  



• Agricultural Water Conservation reduces agricultural water consumption through the 

installation of water-efficient technologies.  

• Effluent Reuse is a widely used strategy for conserving water by applying treated effluent to 

irrigate public facilities, such as athletic fields, cemeteries and golf courses.  

• Sustainable Groundwater Management to balance groundwater use with groundwater 

recharge, ensuring the long-term sustainability of our aquifer.  

• Watershed Restoration consisting of a variety of activities that can contribute to the health 

of a watershed, including protection or improvement of water quality, enhancing water 

supply, and/or enhancing ecosystems. 

According to Silver City Town Manager Alex Brown, who holds the 2016 New 

Mexico Energy Manager of the Year Award presented by the New Mexico Association of 

Energy Engineers, 

“…these proposals are not costing a ton of money,” In all, conservation programs cost about 

$2.7 million, and the Grant County Regional Water Plan will cost about $19 million.  

(www.ose.state.nm.us/Planning/RWP/documents/Reg4_SouthwestNewMexicoRegionalWaterPlan2017_March

2017.pdf)  

At the recent NEPA scoping meeting in Silver City, Anthony Gutierrez, the CAP entity’s 

executive director, told me point blank that even after funding the current diversion 

proposal, there would be plenty of money left over to fund the other non-diversion projects.   

When I asked for clarification from Allyson Siwik on this point, she said yes, the Grant 

County Regional Water Plan has been partially funded, but that a loan is being sought for all 

but the approximately $2.1 million now allocated of the $15 needed.  And also, It remains 

unclear if this partial funding is actually still part of the plan, as at other recent CAP 

meetings, another plan has been expressed to have these funds remain invested in order to 

use the interest to cover the operations and maintenance costs of the diversion plan when it 

is complete. 

 

In fairness to the vast majority of Grant, Hidalgo, Luna & Catron county residents, I assert 

that using the AWSA funds for the non-diversion projects is the only responsible decision for 

the BOR to recommend to the Secretary of the Interior following completion of the EIS and 

other mandated procedures.  I understand this will mean forgoing the additional $50 million 

of narrowly allocated funds for the diversion plans.    

 

I will now return to my family history:  this is exactly the kind of river diversion project my 

uncle Nat Washington was talking about when he said   “I think we went too far”.  I owe it 

to his experience and my own to firmly come down on the side of proposals that preserve the 



wildness of our fragile river, while at the same time fulfill the majority of the four county 

citizenry’s water needs well into the future. 

 

Thank your for your careful consideration of the future of New Mexico’s last wild river, the 

Gila.  

 

Submitted by Kate Brown  

147 Hot Springs Canyon Rd, San Lorenzo, NM 88041,   

575 536 9935      katebrown@gilanet.com 
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Please find my attached comment letter. 

Thank you, 

Tom Cooper 









From: rjdd diaz <dj.well@hotmail.com> 
Sent: Thursday, July 19, 2018 7:05 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
I’m R. Javier Diaz writing in support of the Gila Water project. I live in Luna County. I have a drilling Co. I 
see our water level dropping at a VERY fast rate. Most of the farmers have drip irrigation. The deepest 
static water level is 270’ south and west of Deming. Some kind of project is needed. R. Javier Diaz  
 
Sent from my iPhone 



July 19, 2018

Sent via: NMUnitEIS@empsi.com

This message is to provide supplemental full-text documents for citations in my commentary
submitted via USPS, Priority mail tracking #9505 5120 2956 8197 1917 73.  I request that the
attached documents as well as my explanatory comments included below be included in the
administrative record. 

On pages 2,3, and 5 of my commentary, footnotes 5,7, 13, and 14 refer to the document attached
below:

Ward and Crawford, Economic Study of Agriculture in Southwest New Mexico
from the 2004 Arizona Water Settlements Act (AWSA) Water and Funding (2014).

On page 2 of my commentary regarding for soil map unit descriptions, footnote 3 refers to the
document attached below:

USDA Soil Conservation Service, Soil Survey of Grant County New Mexico,
Central and Southern Parts (October, 1983)

On page 2 of my commentary, footnote 6 refers to document attached below: 

USDA, U.S. Forest Service, Final Assessment Review of
Ecological/Social/Economic Sustainability Conditions and Trends, Gila National
Forest, NM (2017) p. 431

On page 1 of my commentary, footnote 2 supplies the following link:

websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 

The site is a live, interactive tool to view soil map units for an area the user outlines with a
mapping tool. Due to browser and operating system limitations I could not save the maps as files.
I viewed individually, five contiguous, mapped areas from Highway 180 and proceeding to the
USFS boundary, to include the entire agricultural land of the Cliff/Gila Valley.  For each area I
viewed the soil unit designations and noted them along with their predominance.  This was from
the 2017 soil map with soil map units for 2017.

On pages 2 and 4 of my commentary in footnotes 4 and 11 the following link is supplied:

www.fsa.usda.gov/news-room/efoia/electronic-reading-room/frequently requested
information/crop

This is for data from the USDA FSA crop reports by crop, for individual counties.  This is
accessed on the web as a massive Excel active spreadsheet with drop down menus and tabs.  I



downloaded the Luna and Hidalgo County data for individual years, reviewed each one and
compiled irrigated crops by category, either forage or vegetable.  Limitations of my operating
system prevent saving individual county's data sheets as a file, thus I have not provided the entire
files.   

Lisa A. Fields
Certified Crop Advisor CCA-retired
19 Michelle Lane 
Silver City, NM 88061
lafields@powerc.net
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1 Executive Summary 

The Arizona Water Settlements Act (AWSA) creates an opportunity to promote water 

development in Southwest New Mexico. The act provides for up to an additional annual average 

of 14,000 acre- feet from the Gila River Basin to be diverted for consumptive use in New 

Mexico. The objective of this report is to analyze the economic value of using 9,500 acre feet of 

the AWSA water for irrigated agriculture in Southwest New Mexico. Additional supplies are 

assigned to the irrigated areas in that region, hypothetically allocated in the following way:     

 

 Virden area (Hidalgo County): 2500 Acre Feet per year 
 Cliff-Gila Valley (Grant County): 2000 Acre Feet per year 
 Deming area (Luna County): 5000 Acre Feet per year 

 

This study combines data on crop profitability, irrigated land in production, crop water 

requirements, and additional water supply that would be provided by AWSA water and storage. 

Farm income is analyzed for these three scenarios: 

 

1. Scenario 1 (baseline):  with neither additional water nor storage, reflective of conditions 
in the base year 2012. 

2. Scenario 2  (water and storage, normal future): with additional water and storage with 
current agricultural development constraints 

3. Scenario 3 (water and storage, optimistic future):  with additional water and storage 
without current agricultural development constraints  

 

Under scenario 1, the study area produces an annual total farm income in the base year equal to 

$49.2 million.  Under scenario 2 would permit growers access to more and better timed water, 

producing an annual base year income of $53.8 million.  Additional farm income for 2012 made 

available from scenario 2 is $4.6 million per year: ($53.8 million minus $49.2 million).   

 

Under scenario 3, identical income gains in annual total farm income are earned as under 

scenario 2.  Scenario 3 is the optimistic scenario that we assume could take place after an 

adjustment period of 7 years. That scenario includes the cultivation of high valued crops not 

currently grown in the region, and is based on overcoming resource constraints that currently 

exist.  Resource constraints currently include labor supply limitations, grower experience, 
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mechanization, scale of production, infrastructure, food processing facilities, transportation, 

capacity to bear risk, access to information, management, and scale.  

 

At a discount rate of 3.75 percent, the net present value (NPV) of farm income over the period 

2012-2050 under scenario 1 is estimated at $ 1.930 billion.  NPV under scenario 2 is calculated 

to be $ 2.104 billion, showing an economic gain of $ 173.1 million compared to scenario 1 (9% 

increase).   For scenario 3, NPV of farm income is estimated at $ 2.512 billion, for an estimated 

gain of $581.8 million compared to scenario 1 (30% increase).  Future incomes in the region 

from irrigated agriculture are based on forecast future farm prices, yields, and costs of production 

that apply to this region. The forecasts are based on data from New Mexico agricultural statistics 

and USDA national data sources. 
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2 Chapter 1: Background and Objectives 

 

2.1 Background 

The 2004 Arizona Water Settlements Act (AWSA) provides to New Mexico up to an additional 

annual average of 14,000 acre-feet per year from the Gila River Basin water.  

 

2.2 Study Areas and Objectives 

The objective of this report is to analyze the economic value of using 9500 acre feet of the 

AWSA water for irrigated agriculture in Southwest New Mexico. The study areas consist of 

three irrigated areas in this region: Virden Valley, Cliff-Gila Valley, and Deming area (Figure 1). 

For the purpose of this study, the AWSA water is hypothetically allocated to these areas in the 

following way:     

 

 Virden area (Hidalgo County): 2500 Acre Feet per year 
 Cliff-Gila valley (Grant County): 2000 Acre Feet per year 
 Deming area (Luna County): 5000 Acre Feet per year 

 

The analysis is performed under three different scenarios: 

1. Scenario 1 (baseline):  with neither additional water nor storage, reflective of conditions 
in the base year 2012. 

2. Scenario 2:  (water and storage, normal future) with additional water and storage with 
current agricultural development constraints 

3. Scenario 3: (water and storage, optimistic future)  with additional water and storage 
without current agricultural development constraints  

 

These scenarios are thoroughly explained in Section 4.6. 
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Figure 1: Location map of the study areas in Southwest New Mexico 

N 

A 

ARIZONA 

Columbus 

MEXICO 

NEW 
MEXICO 

Luna 

- River 

- Continental Divide 

- Farmland 

Mimbres Basin 

Gila Basin 



 

Page 10 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Chapter 3: Methods  

3 Chapter 2: Literature Review  

In dry places like New Mexico, water users, managers, and policymakers have a shared interest 

in finding measures to increase the economic value of water.  This challenge is likely to grow in 

future years in the face of ongoing cycles of drought and flood in addition to climate warming, 

population growth, and increasing levels of economic activity that require safe and predictable 

water supplies.  Guidance to support economically sound decisions on water development, 

allocation, conservation, and use require information on the economic value of water in 

alternative uses.  

 

Several hundred papers have been published since the 1950s and before that address the 

economic value of water when used for crop irrigation or for other human or environmental uses.  

Just over 100 of the most significant of those papers are presented in Appendix 1 of this report. 
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4 Chapter 3: Methods  

4.1 Data Sources 

Numerous data sources were used to support our analysis.   Data on land in production by crop 

for the year 2012 were secured from the USDA Census of Agriculture (USDA Census of 

Agriculture, 2014).  The census publishes detailed data every five years on agricultural activity, 

with some detail provided for each of the major crops by county in the US.   

 

Information on prices, yields, and costs of production was secured by consulting the New 

Mexico State University Crop Enterprise budgets.  The NMSU budgets are posted online by the 

College of Agriculture, Consumer, and Environmental Sciences  (Hawkes, 2013). These budgets 

are updated periodically for the major crops by county of New Mexico.   

 

The NMSU crop budgets were also updated from information secured at several producer panel 

meetings on agricultural land use and water applied by crop and county, as well as the cost of 

pumping groundwater.  These meetings were held specifically for the purpose of this study, and 

conducted periodically over the period of April – August 2014 (Allen, 2014; Blandford, 2014; 

Lowry, 2014).   

 

Another important data source is published by the National Agricultural Statistics Service in 

their Annual Statistics Bulletin (US Department of Agriculture and New Mexico Department of 

Agriculture, 2014).  Data categories used in that report were Prices and Income, Field Crops, and 

Vegetables and Nuts.  County Profiles from that data source for New Mexico were also 

consulted.  Forecast data on prices, costs, and yields were secured from published USDA 

projections (US Deparment of Agriculture Economic Research Service, 2014).    

 

Other USDA publications were consulted where detailed price or yield data were not available 

for New Mexico (US Deparment of Agriculture Economic Research Service, 2013a; US 

Deparment of Agriculture Economic Research Service, 2013b; US Deparment of Agriculture 

Economic Research Service, 2014; US Department of Agriculture Economic Research Service, 

2012; US Department of Agriculture Economic Research Service, 2013; US Department of 
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Agriculture Economic Research Service, 2014).  For economic returns that could be earned on 

crops not currently grown in the study region, budgets from the University of California 

Extension Service were used with a yield adjustment to fit our three study counties.   

 

4.2 Regional Climate (USDA Planting Zones) 

Figures 2 and 2a below published by USDA, shows plant climate characteristics for the United 

States as a whole and for New Mexico because it is important to visualize a comparison of 

nationwide climate patterns to those in our study area.  We used plant hardiness information 

from these maps to adjust published crop enterprise budgets from out of state sources to reflect 

likely yields and net income in the study area. The plant hardiness zones used were 7a (Grant 

County) and 7b (Hidalgo and Luna Counties).  The adjustment for cropping activities of counties 

inside the study area was done using counties from outside the study area, chosen based on 

similar plant hardiness zones. This adjustment was necessary because the NMSU enterprise 

budgets do not account for some of the lower acreage crops grown in the study area.   

Figure 3 shows the counties in the western US investigated for crops that could potentially be 

grown in the three-county area for scenario 3.  
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Figure 2: Plant hardiness zone map for the United States 
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                  Figure 2a. Plant Hardiness Zone Map for New Mexico
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Figure 3.  Counties outside the Study Area with Similar Climate Conditions to the Study Area 
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4.3 Enterprise Budgets  

For scenarios 2 and 3, the economic value of new AWSA water in irrigated agriculture is 

measured as the total farm income with the additional water/storage minus total farm income 

under the base scenario.  Enterprise budgets are the foundation of our calculations of the 

economic value of water in irrigation.  Additional details are in Appendix 3 summarizing the 

data and assumptions.   

 

For production agriculture, enterprise budgets provide a decision framework for short- and long-

run economic analyses of proposed decisions, including our three AWSA policy scenarios.  

These budgets guide our understanding of costs and returns of an agricultural production activity 

and evaluating farm economic impacts of alternative choices.   Knowledge of budgeting and the 

ability to use them helps producers make sound farm business decisions.  For this study, we used 

enterprise budgets to evaluate alternatives.  The budgets were used to evaluate economic impacts 

to producers in the study area of southwest New Mexico associated with scenario 2 in which new 

surface water would be supplied along with complementary storage. A second alternative 

optimistic plan, scenario 3 was evaluated in which resource constraints to future agricultural 

development in the region would be removed.   

 

Enterprise budgets project costs and returns for an activity such as cultivating chile, producing 

grain, or growing vegetables or pecans for a production period. Each budget specifies a system 

of production, required inputs, and an annual sequence of operations.  It also summarizes the 

costs and returns associated with the process. Enterprise budgets are typically based on a one 

year cycle.  For enterprises where production spans more than one year (for example, pecan 

orchards), a budget typically includes income and expenses for a representative one-year period. 

Developing budgets for a specific geographic area can highlight certain cost items and price 

relationships that might otherwise be overlooked.   Enterprise budgets can also assess the cost of 

planting income-losing crops, such as sorghum and wheat, required as rotation crops for higher 

valued crops such as chile. 
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Development of an enterprise budget incorporates information about specific resources, 

management practices, and technology used in agricultural production.  Farm managers can use 

enterprise budgets to evaluate options before resources are committed, estimate the expenditure 

that can be afforded for land or machinery, determine breakeven yields or prices, and calculate 

potential returns on an investment, such as converting from surface to drip irrigation, shifting to 

higher valued crops, or altering crop rotations in the face of price, yield, cost, climate, water 

supply, or policy changes.   

 

Enterprise budgets can also be used to determine the cost of production for different products or 

processes to help identify profit and cost centers within the farming business. Enterprise budgets 

also provide critical input for whole farm planning, including the potential income for a 

particular farm, the minimum farm size needed to earn a potential return, and anticipated cash 

flows during the year. 

 

The New Mexico State University College of Agricultural, Consumer, and Environmental 

Sciences (ACES) publishes enterprise budgets for important crops and irrigation technologies for 

most counties in New Mexico.  The published budgets are for a representative farm.  These 

budgets should be tailored to fit an individual producer's operation due to differences in 

experience levels, management abilities, and willingness to bear risk. For example, the user of 

the published budgets can:    

 

 Alter prices, yields, rates, practices, and or costs to fit the planning situation being 

considered, both with and without new the AWSA planning scenarios considered for this 

report.  This was done using University of California Extension budgets for scenario 3. 

 Adjust for other soil or production conditions. 

 Adjust for climate zone 

 Adjust for access to markets 

 Adjust for access to management expertise, infrastructure, or food processing facilities 

 



 

Page 18 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Chapter 4: Results  

4.4 Optimization Model 

An optimization model was developed with the intent of producing a unified framework for 

irrigation policy analysis for our AWSA study region.  Its mission was to identify an irrigation 

water use pattern that maximizes discounted net present value of farm income over the period 

2013-2050.  It predicts cropping patterns, water use, land use, and farm income over each of 

those future years.  The model detail consists of 17 crops, 3 counties, and 3 policy scenarios.  It 

required data on observed cropping patterns, production costs and returns, yields, and water use 

per acre. The model accounts for agricultural demands for each of our three counties.  The model 

results present a long-run analysis of the farm economic benefits associated with use of water for 

irrigation.  Production costs include establishment, capital, operating, and replacement costs of 

all enterprises.  

 

The optimization model describes and forecasts irrigation water use demands through use of a 

farm management model based on costs and returns for the study region’s major irrigated crops. 

In the model growers are assumed to choose a farm income (profit) maximizing crop mix, as 

well as a quantity of land, and quantity of water used based on a specified future pattern of crop 

prices, crop yields, and farm production costs.  Its most important mathematical equations are 

described below in section 4.4.2.  An earlier version of the model was estimated with the intent 

of connecting hydrology and economics directly, which we viewed as a simple “bathtub” model.  

However, development of that model was later discarded due to its requirement of more detailed 

aquifer data than was available to us. 

 

Our framework for analyzing water use in irrigated agriculture implements a similar method 

originally developed by Howitt (1995), who coined the term “positive mathematical 

programming” (PMP). In our implementation of PMP, behavioral requirements for farm income 

maximization are used to specify and estimate two parameters of a crop yield function that 

guides the income maximization behavior observed. That function shows declining yields in the 

face of an expanded scale of land and water use. Additional details are in an earlier work 

(Dagnino and Ward, 2012).  
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Our implementation of PMP is based on the principle that optimization models of farm 

production and water resource use should match conditions in the base year. Policy analyses 

based on optimization models lack credibility when they show a deviation between base period 

model outcomes and actual observed results on the ground.  

 

Worldwide, an important source of nonlinearity in crop production function is heterogeneous 

land quality, resulting in declining yields as the total amount of land increases for a given crop 

planted. While declining land quality at the regional level with an expanded scale of production 

for any given crop simplifies the many sources of declining yields, it captures much of the farm 

behavioral response. Our PMP optimization framework is an approach that approximately 

matches water use, crop mix, profitability, and land in production by county and crop for the 

base year (2012) and for each of the three policy scenarios used.   

 

4.4.1 Software  

The model code was written using the GAMS (General Algebraic Modelling System) software, 

version 24.2.  The term GAMS is a registered trademark (GAMS Development Corportation, 

2014).  The model was solved with the continuous nonlinear programming CONOPT solver.  

Details of the software are available on the vendor’s website.  Model for water resources 

management have been under development at the New Mexico State University College of 

Agricultural, Consumer, and Environmental Sciences (ACES) since the mid-1990s.  One of the 

early optimization models in water resources at NMSU was developed for work on drought 

adaptation in the Rio Grande Basin for Colorado, New Mexico, and Texas (Booker et al., 2005). 

Several research articles have been published in a number of academic journals since that time, 

some of which are cited in the detailed review of the literature in Appendix I.   

 

4.4.2 Model and Equations 

A simplified version of the model structure is presented here.  The same model structure is used 

for each crop, county, and policy scenario. That structure has the following, indices, data, 

variables, equations, and objective: 
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Indices 

j = crop (17 crops listed) 

c= county (Grant, Hidalgo, Luna) 

p= policy scenario (1 – 3, described elsewhere in detail) 

t = year (2013-2050) 

 

Data by index  

Price_p (j,t)     forecast crop prices ($ per unit) 

Cost_p (j,c,t)   forecast production cost per acre ($ per acre) 

W_p (c,p,t)  forecast water available for irrigation (acre feet per year) 

B0_p (j,p,c)   maximum crop yield (yield/acre) 

B1_p (j,p,c)  loss in yield from one added acre in production (yield/acre) 

i_p   discount rate (3.75%) 

 

Unknown Variables by Index  

W_v(j,p,c,t) crop water applied (acre feet/acre) 

Land_v(j,p,c,t)  acres of land under irrigation 

Yield_v(j,p,c,t) crop yield (units/acre) 

TNI_v(j,p,c,t) total net farm income ($ per year) 

NPV_v(c,p) net present value of total net farm income ($) 

 

Equations by Index 

(1) TNI_v(j,p,c,t)  = Price_p(j,t) * Yield_v(j,p,c,t) – Cost_p(j,c,t), 
 

Equation (1) states that net income per irrigated acre, gross margin, equals price multiplied by 

yield minus variable costs. 

 
(2) Yield_v(j,p,c,t)  = B0_p(j,p,c) + B1_p(j,p,c) * Land_v(j,p,c,t) 

 
Equation (2) states that each crop’s yield decreases with an expanded number of acres.  
 

 
(3) TNI_v(j,p,c,t)  = TNI_v(j,p,c,t) * Land_v(j,p,c,t) 
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Equation (3) states that total net income for each crop is net income per acre multiplied by the 

number of acres in production.    

 
(4) NPV_v(c,p)   = sum ((j,t), TNI_v(j,p,c,t)) / [ (1+i_p) t ] 
 

Equation (4) states that net present value of total land under irrigation is the total net income 

summed over time periods, in which income from each period is reduced by a discount factor in 

the denominator. 

 
(5) sum ((j), W_v(j,p,c,t)) < W_p (c,p,t)  
 

Equation (5) states that total water applied summed over crops cannot exceed total available 

water for each county, policy simulation, and year. 

 

Objective Function 

 

(6) Maximize NPV_v(c,p)  
 

Equation (6) seeks the net present value of income-maximizing cropping decisions.  Growers 

attempt to cultivate the amount of land in production summed over crops and allocated over 

years that maximizes net present value in equation (4) while respecting the water supply 

constraint in (5).  This constrained maximization takes place for each county and each policy 

scenario, for a total of 9 model runs.   

 

In earlier work, a preliminary integrated economic-groundwater hydrology model was developed 

for Luna County in which groundwater pumping for crop production in any given year had the 

effect of reducing the water table for the beginning of the subsequent year by the amount of that 

year’s pumping.  However this approach, a bathtub model, was later discarded because we could 

not find adequate data on aquifer characteristics needed to calibrate the interaction between 

economics and groundwater storage and levels in the Mimbres Basin.      
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4.4.3 Input Data for Luna County 

 

4.4.3.1 Water Use 

Crop water application data per acre for Luna County are described in appendix 3 table A.5  

These data reflect water applications by crop, county, and water policy scenario. Total water 

applications for Luna County were calculated as water application rates per acre multiplied by 

acres in production, summed over crops.   For water use per acre, we consulted the NMSU 

published enterprise budgets (Hawkes, 2013) and the producer panel meetings assembled in 

April and August 2014 (Blandford, 2014). 

 

4.4.3.2 Irrigated Acreage 

For the scenario 1, data on irrigated land in production for the base year (2012) were secured on 

acreage by crop and scenario for Luna County for the most important crops grown.  For the base 

scenario, information was secured from the USDA Census of Agriculture (USDA Census of 

Agriculture, 2014).  The census publishes detailed data every five years on agricultural activity, 

with some detail provided for each of the major crops by US county.  The most recent Census of 

Agriculture was published in May 2014 and contained data for the year 2012.   Where national 

census data were limited by disclosure problems, we consulted the NMSU Luna County Agent 

for estimates.   In some cases, the New Mexico Agricultural Statistics were also consulted to 

check for consistency (New Mexico Department of Agriculture, 2013).     

 

Luna County for the base year had an estimated irrigated acreage of 24,800 acres.  The 24,800 

estimate for the base year 2012 is based on several sources.  They include a blending of the Ag 

Census estimate of 20,742, with adjustments suggested by the Luna County Extension Agent 

expressed at producer panel meetings in summer 2014.  The county agent cited estimates held in 

cooperation with the USDA NRCS office in Deming (Blandford, 2014).  While these estimates 

are not published, they are based on several years on-the-ground discussions, interactions, and 

monitoring with growers in the local area. 
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For scenario 2, the producer panel data were used.  Luna County growers were asked how their 

current cropping patterns would change for the year 2012 if AWSA water and storage had been 

available for their use.  The general pattern emerging from Luna County was that growers would 

expand their acreage in approximate proportion to the additional water, with little change in 

cropping patterns, since regional growers had already adapted over many years to the most 

profitable cropping patterns.   

 

For scenario 3, existing constraints to high valued crops would be removed, while allowing the 

aquifer to decline at its historical rate. For that scenario, we did not rely on producer panels, 

since it was difficult for growers to respond to this scenario.  For that scenario, alternative 

sources were used:  Irrigated land in Luna County could shift into higher valued crops for the 

new acreage, but would be unlikely to shift cropping patterns on existing acreage. For future 

years, in which adjustment could occur over a period of years, the USDA Plant Hardiness Zone 

Map (US Department of Agriculture, 2012) was used.  That map identified out-of-study region 

cropping patterns in equal or colder climates that could potentially support higher valued 

cropping activity under the optimistic scenario 3.   

 

For scenario 3, none of the higher valued crops currently produced out-of-region would enter any 

time soon, so 2012 cropping patterns would be identical for scenarios 2 and 3.  We assumed 

delays of six years after 2013 would be required to develop the expertise, infrastructure, 

experience, and markets that currently constrain Luna County from its maximum plausible 

economic potential in irrigated agriculture.  An additional source was the US Agriculture 

Census.  Its data were used to identify acreages of high valued crops that could optimistically be 

profitably brought to Luna County. These high valued crops include selected melons, 

raspberries, blackberries, and strawberries.  Regions consulted regions outside our study region 

with similar or harsher climate zone than Luna County included inland Washington, the higher 

elevations of California, southwest Colorado, San Juan County, New Mexico, and parts of the 

Ogallala Aquifer south of Lubbock, Texas.    
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4.4.3.3 Price, Yield, and Cost 

For the first (base) scenario, information on prices, yields, and costs of production for Luna 

County was secured by consulting the New Mexico State University Crop Enterprise budgets.   

The NMSU budgets are posted online by the College of Agriculture, Consumer, and 

Environmental Sciences  (Hawkes, 2013). The budgets are updated periodically for the major 

crops in Luna County, in which ten crops currently show a detailed accounting.   We used the 

data from the producer panels to secure more extensive and up-to-date information on the 

economics of drip irrigation for Luna County’s major crops.  Additional detail was secured on 

the cost of pumping groundwater (Blandford, 2014).    

 

For the second scenario, the producer panels were used to assess grower response to AWSA 

water and storage if it had been available in 2012.  Generally, growers indicated that crop prices, 

yields, and costs would not likely to experience much change from actual levels observed in 

2012 because of the high level of skill, technology, access to markets, and infrastructure already 

assembled.   

 

For scenario 3 for Luna County, data on prices, costs, and yields were secured from the Land 

Grant Universities where available in those out-of-region locations.  Ag Census data were 

consulted for prices and yields where enterprise budgets were not available (US Department of 

Agriculture Economic Research Service, 2012; US Department of Agriculture Economic 

Research Service, 2013; US Department of Agriculture Economic Research Service, 2014).  

 

4.4.4 Input Data for Grant County 

 

4.4.4.1 Water Use 

Crop water application data per acre for Grant County are described in the appendix 3 table A.5. 

These data reflect per acre water applications by crop, county, and scenario.  Total water 

applications for Grant County were calculated as water application rates per acre multiplied by 

acres in production, summed over crops.   For water use per acre, we consulted the NMSU 
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published enterprise budgets (Hawkes, 2013) and the producer panel meetings assembled in June 

2014 (Lowry, 2014).    

 

4.4.4.2 Irrigated Acreage 

For scenario 1, data on irrigated land in production for the base year (2012) were secured on 

acreage by crop and scenario for Grant County for the most important crops grown.   For the 

base scenario, information was secured from the USDA Census of Agriculture (USDA Census of 

Agriculture, 2014).  The census publishes detailed data every five years on agricultural activity, 

with some detail provided for each of the major crops by county in the US. Where national 

census information published no data because of disclosure problems, we consulted the NMSU 

Grant County agent.  In some cases, the New Mexico Agricultural Statistics were also consulted 

to check for consistency (New Mexico Department of Agriculture, 2013).   

 

For scenario 2, the producer panel data were used, based on a meeting held in Silver City in 

June, 2014.  Growers were asked how their current cropping patterns would change for the year 

2012 if AWSA water and storage had been available for their use (scenario 2).  The general 

pattern emerging from these panels was that growers would expand their acreage in approximate 

proportion to the additional water, while also shifting to a higher valued mix of crops because of 

the fact that adequate upstream storage would permit the cultivation of a higher percentage of 

high valued crops that are already observed in the region.   

 

For scenario 3, in which existing constraints to high valued crops would be removed, we relied 

on other data sources: Irrigated land in Grant County was presumed to shift into a cropping 

pattern currently seen in Luna County over a period of six years, since Luna County currently 

already has most constraints successfully removed to high valued cropping activity.  For the base 

year (2012) under scenario 3, no change would be seen compared to scenario 2.   For scenario 3, 

none of the higher valued crops currently produced out-of-region would enter any time soon, so 

2012 cropping patterns are identical for scenarios 2 and 3.  We assumed delays of six years after 

2013 would be required to develop the expertise, infrastructure, experience, and markets that 
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currently constrain Grant County from its maximum plausible economic potential in irrigated 

agriculture.   Both scenarios 2 and 3 show identical acreage for the base year.  

 

For future years, in which adjustment could occur over a period, an additional data source was 

consulted, the USDA Plant Hardiness Zone Map (US Department of Agriculture, 2012).  That 

map identifies out-of-region cropping patterns in equal or colder climates that could potentially 

support higher valued cropping activity under the optimistic scenario 3.  For scenario 3, none of 

the high valued crops would enter by the year 2012.  We assumed delays of six years after 2013 

would be required to develop the expertise, infrastructure, farming experience, and markets that 

currently constrain these counties from their economic potential.     

 

Another data source was the US Agriculture Census data were used to identify acreages of these 

high valued crops that could be profitably enter production under optimistic future conditions.  

These high valued crops included selected melons, raspberries, blackberries, and strawberries.  

Continuing with scenario 3, regions consulted outside Grant County with similar or harsher 

climate zones than 7a included inland Washington, the higher elevations of California, southwest 

Colorado, San Juan County, New Mexico, and parts of the Ogallala Aquifer south of Lubbock, 

Texas. In addition, we assumed optimistically that base year (2012) conditions in Luna County 

could be a model for the crop mix on existing acreage cultivated in Grant County (2020 acres).  

Up to one-quarter of additional acreage in Grant County made possibly by AWSA water and 

storage (one quarter of 444 acres = 111 acres) could be cultivated with varying mixes of these 

high valued crops not currently grown in Grant County.  

 

4.4.4.3 Price, Yield, and Cost 

For the first (base) scenario, information on prices, yields, and costs of production for Grant 

County was secured by consulting the New Mexico State University Crop Enterprise budgets.   

The NMSU budgets are posted online by the College of Agriculture, Consumer, and 

Environmental Sciences (Hawkes, 2013).  We used the data from the producer panels to secure 

more extensive and up-to-date information on the economics of drip irrigation for Luna County’s 
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major crops.  Additional detail was secured on the cost of pumping groundwater.  The Silver 

City panel meetings took place in April and August 2014 (Lowry, 2014);   

 

For the second scenario, the producer panels were used to assess grower response to AWSA 

water and storage if it had been available in 2012.  Generally, growers indicated that crop prices 

and costs would not change much, but that yields would be increased in the face of shifts to 

higher valued crops than currently possible with available unreliable water supplies.   

 

For the third (optimistic) scenario for Grant County, data on prices, costs, and yields were 

secured from the Land Grant Universities where available in those out-of-region locations.  US 

Agriculture Census data were consulted for prices and yields where enterprise budgets were not 

available (US Department of Agriculture Economic Research Service, 2012, 2013, 2014). 

 

4.4.5 Input Data for Hidalgo County  

4.4.5.1 Water Use 

Crop water application data for Hidalgo County are described in the appendix 2 table A.5  These 

data reflect water applications by crop, county, and water policy scenario.  As was the case for 

the other two counties, total water applications for Hidalgo County were calculated as water 

application rates per acre multiplied by acres in production, summed over crops.   For water use 

per acre, we consulted the NMSU published enterprise budgets (Hawkes, 2013) and the producer 

panel meetings assembled in June 2014 (Allen, 2014). 

 

4.4.5.2 Irrigated Acreage 

For scenario 1, data on irrigated land in production for the base year (2012) were secured on 

acreage by crop and scenario for Hidalgo County for the most important crops grown.   For the 

base scenario, information was secured from the USDA Census of Agriculture (USDA Census of 

Agriculture, 2014).  Where national census information published no data because of disclosure 

problems, we consulted the NMSU Hidalgo County agent.  In some cases, the New Mexico 

Agricultural Statistics were also consulted to check for consistency (New Mexico Department of 

Agriculture, 2013).   
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For scenario 2, the producer panel data were used, based on a panel meeting held in Lordsburg in 

June, 2014.  Growers were asked how their current cropping patterns would change for the year 

2012 if AWSA water and storage had been available for their use for that scenario.  he general 

pattern emerged from the Hidalgo County panels was that growers would expand their acreage in 

approximate proportion to the additional water, while also shifting to a higher valued mix of 

crops because of the fact that adequate upstream storage would permit the cultivation of a higher 

percentage of high valued crops that are already observed in that county.     

 

For scenario 3, we relied on other data sources.  To address that scenario, several alternative 

sources and assumptions were used:  Irrigated land in Grant County was presumed to shift into a 

cropping pattern currently seen in Luna County over a period of six years, since Luna County 

currently already has most constraints successfully removed to high valued cropping activity.  

For the base year (2012) under scenario 3, no change would be seen compared to scenario 2. 

For future years, in which adjustment could occur over a period after six years, an additional data 

source was consulted, the USDA Plant Hardiness Zone Map as described previously. 

For scenario 3, none of the high valued crops would enter by the year 2012, so identical results 

are shown for scenario 2 and 3.  We assumed delays of six years after 2013 would be required to 

develop the expertise, infrastructure, farming experience, and markets that currently constrain 

these counties from their economic potential in irrigated agriculture.    

 

4.4.5.3 Price, Yield, and Cost 

For scenario 1, information on prices, yields, and costs of production for Grant County was 

secured by consulting the New Mexico State University Crop Enterprise budgets.   The NMSU 

budgets are posted online by the College of Agriculture, Consumer, and Environmental Sciences 

(Hawkes, 2013). The budgets are updated periodically for the major crops in Grant County, for 

which three crops currently show a detailed accounting.   We used the data from the producer 

panels to secure more extensive and up-to-date information. 
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For scenario 2, the producer panels were used to assess grower response to AWSA water and 

storage if it had been available in 2012.  Generally, growers indicated that crop prices and costs 

would not change much, but that yields would be increased in the face of shifts to higher valued 

crops than currently possible with available unreliable surface supplies.   

 

For scenario 3 for Hidalgo County, data on prices, costs, and yields for high valued crops were 

secured from the Land Grant Universities where available in those out-of-region locations.  Ag 

Census data were consulted for prices and yields where enterprise budgets were not available 

(US Department of Agriculture Economic Research Service, 2012, 2013, 2014). 

 

4.5 Producer Panels/Interviews 

With the assistance of the NMSU ACES County Extension Agents in our three study counties, 

producer panels were assembled for each county.  The intent of each panel was to identify up-to-

date information on the economics of crop irrigation as well as producer response to conditions 

defined by scenario 2.  Special attention was focused on details of crop prices, yields, and costs 

of production. For each panel meeting, the stated agenda was to assess economic impacts in their 

growing area, of the additional amount of surface water if it could be made available from the 

AWSA plan for scenario 2.  Scenario 3 was not addressed at the interviews, because that 

scenario presented conditions far outside anybody’s recent experience.  Details for each panel 

meeting are presented in Appendix 2 of this report.  Two panel meetings were held for Luna 

County, while one each was held for Hidalgo and Grant Counties. 

 

4.6 Scenarios Designed 

 

4.6.1 Scenario 1:  Without AWSA Surface Water and Storage (Baseline) 

The without AWSA surface water and without storage scenario performs an accounting of 

irrigated land in production in the three county study area, total water applied, gross revenue, net 

revenue, total income, and total income per acre foot of water applied without AWSA water and 

without additional storage. It reflects the status quo conditions for crop irrigation for the study 

region for the most recent year for which New Mexico agricultural statistics are available, 2012. 
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4.6.2 Scenario 2: With AWSA Surface Water and Storage with Existing Development 

Constraints (Water and Storage, Normal Future) 

The with AWSA surface water scenario accounts for the impacts of 9500 acre feet of surface 

water in conjunction with surface storage that would hold enough water for those 9500 acre feet 

to irrigate crops throughout the growing season.  Four producer panel meetings were held during 

summer 2014 to assess how farming behavior would be altered by scenario 2.   

 

4.6.3 Scenario 3: With AWSA Surface Water and Storage without Existing Development 

Constraints (Water and Storage, Optimistic Future) 

 

4.6.3.1 Nature of High Valued Crops for Scenario 3 

Given future developments in markets, technology, and demand for products, it is likely that the 

crop mix will change for the Grant, Hidalgo, and Luna County region. Historically one can look 

backwards and see considerable change over many years until the current time.  At the state level 

some 50 years ago the number one crop in New Mexico and also in the AWSA region was 

cotton; wheat was number two. The leading crops currently are alfalfa, pecans, and chile 

peppers. Cotton has dropped to the fourth highest crop when measured by cash receipts. Wheat is 

now number eight in cash receipts. The next 35 to 40 years will likely show as much change as 

the past 50 years in crop mix. 

 

4.6.3.2 Opportunities and Constraints for Future High Valued Crops   

 

Mix of High Value Crops: 

Currently our results showing land in production identifies a single high value crop that in the 

Base Year 2012 that produced more net revenue per acre than any other crop grown in similar 

climate zones for each of the three counties of Grant, Hidalgo and Luna.  However, taking the 

longer view towards 2050, experience has shown in the past that today’s high value crop may 

change in future years.  Annual weather variation may delay production, or excess production in 

a thin market reduces prices, making prices highly variable and difficult to predict. What many 

producers or areas of production with high value crops do is to spread their risk across several 
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historically high value crops in a varying mix of acres planted to each crop. The total acres 

planted to this group of crops may be rather stable while the acres planted to an individual crop 

will vary up or down from year to year. 

 

To account for the variability problem of measuring returns to high value crops, the following 

crops are used to develop a group or set of crops which will maintain consistent high net returns 

over the long term accounting for producer ability to make needed shifts in planting to maintain 

more consistent high levels of returns. To estimate the long term net value added by the 

additional water and land that could be made available from the AWSA, this group is modeled as 

a single blended commodity.  The high value crop set was made up of crops with net returns of 

greater than $6200 per acre and included raspberries, strawberries, blackberries, and assorted 

melons.  All have been grown in New Mexico historically.   

 

Assumptions on Adoption of High Valued Crops: 

Prices, Yields, and Costs:   

Data on prices, yields, and costs were used from areas similar to growing condition in the AWSA 

area, with a similar plant hardiness index. Areas with similar climate and growing seasons are 

primarily in the inland higher elevation parts of California, southwest Colorado, inland higher 

elevation parts of Oregon and Washington where the plant hardiness climate falls in the range of 

our three New Mexico study counties.   

 

Another county in New Mexico with similar growing climates as our three county area includes 

San Juan County.  Where possible these data sources used are those published by the relevant 

state land grant university extension services in colleges of agriculture.   However, the most 

extensive crop budgets are published by the University of California due to its large agriculture 

sector. 



 

Page 32 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Chapter 4: Results  

Cropping Patterns: 

Under scenario 3, existing constraints to high valued crops are removed on additional lands 

likely to enter as a consequence of AWSA water and storage.  Published data from other high 

valued cropping areas are used as described above. 

 

Resource Constraints for High Valued Crops: 

Climate:  

Climate and growing season are critical factors for the profitable cultivation of many high value 

crops because of sensitivity to weather.  One factor is the minimum temperature that a fruit 

species can endure. “The amount of injury from freezing in dormant tissue is influenced by three 

factors: (a) the rate at which the temperature falls, (b) the duration of the low temperature, and 

(c) the rate of thawing” (Childers, 1961).  Late fall vigorous growth can delay maturing and 

hardening of tree crops to withstand freezing temperature. Tree crops such as apples, peaches, 

pears, cherries apricots, or grapes also require a dormancy and rest period.  Apples require a 

certain number of hours of chilling below zero degrees. Depending on variety, chilling 

requirements can range from 800 to 1000 hours.  For this reason, none of these tree crops were 

used because temperatures in the study area experience too much variability to grow any of those 

crops to earn a predictable income. 

 

Soil Characteristics:  

Soil pH in the study region will only allow neutral to alkaline adapted crops to be grown (pH > 

7). Most soils are sandy or sandy loam and well drained. 

 

Soil Pathogens: 

Presence of soil fungus, nematodes, viruses or other diseases in the soil can prevent satisfactory 

growth or crop yield. If the cultivation of a crop continuously encourages the buildup of these 

populations, then steps must be taking to reduce the population by crop rotation and choice of 

crop to let the pest or fungus to die out before replanting. An important example in Luna County 

with significant implications for our study is chile, which eventually could require a three to five 

year rotation cycle.   
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Labor:  

For labor-intensive crops, current policy restrictions on guest worker program will need to be 

relaxed to allow economically affordable harvest of high value crops. Mechanical harvesting, 

cultivation, and thinning development may be required if adequate labor supply or cost is not 

available. 

 

Grower Experience: 

We assume that existing constraints to experience, skill and management are temporary, and can 

be overcome given adequate time and resources. NMSU extension or other teaching resources 

may be required to assist with training or classes, short courses to overcome any deficiencies. 

Many high value crops require intensive management, technical knowledge and practiced 

technical skill to be successful. A critical mass of such individuals will need to be attracted from 

other commercially high scale areas to supplement the managerial skill necessary for growing 

higher valued crops in our study area. 

 

Mechanization 

It is assumed in our investigation that mechanization will be developed as necessary to substitute 

for labor with the accompanying necessary adaptation for plants to be adaptable to machine 

cultivated or harvested. This will require the development of determinate varieties of high value 

plants, which will allow for one pass harvesting. Typically many potentially high value plants are 

non-determinate requiring multiple pass picking as the crop ripens or matures, which raises 

production costs.  

 

Climate Warming:  

Anticipated climate warming will have little negative effect on the capacity of southwest New 

Mexico growers to cultivate high value crops in terms of growing season.  Currently many high 

valued crops are grown in California under ever warmer conditions than currently exist in New 

Mexico. It may however add more variability to early season start to production as weather 

oscillates between warm and freezing temperatures. Warmer weather may require additional but 

unknown water per acre independent of additional AWSA water and storage.  With limited water 
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supplies, that warmer weather may require reduced acreage to protect hydrologic balance.  

Added water demands per acre that could result from climate warming were not calculated for 

our study. Water scarcity could also be overcome with more efficient irrigation and production 

practices as long as crop ET (evaporation and transpiration) does not increase. 

 

Scale of Production: 

Most high value food crops are grown for the fresh market which require a smaller scale of 

production in a low population area such as our three county region.  While avoiding a large 

scale investment in processing facilities, this scale sets an upper bound on acreage in production. 

Necessary processing and handling facilities could be developed by formation of a cooperative 

organization to market the product and/or process it. Necessary capital could be provided 

through state industrial bond financing or loans from the Bank for Cooperatives (Co-Bank) and 

producers if the Cooperative structure is used. 

 

Infrastructure:   

An important requirement for growing a high value crop profitably is acceptable transportation 

and marketing infrastructure to permit an adequate scale of transport from farm to market.  We 

assume that this constraint could be overcome with time for adjustment and with possible 

subsidies. 

 

Food Processing Facilities:  

Most of the high value crops selected will be for the fresh or minimally processed market to 

avoid the necessity of large capital expenditures to build large processing plants.  A processing 

plant for any of many varieties require a critical mass of large acreage of production to achieve 

the necessary economies of size for the processing plant. For example chile averages about 2000 

acres of production per processing plant in New Mexico. So the expansion of available water and 

associated land could be absorbed by one processing plant devoted to one commodity. 
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Risk Management:   

Complete specialization in any single high value crop is unlikely to occur with the new AWSA 

water and storage.  For this reason, we assume that cropping patterns in similar plant hardiness 

regions will be limited by the degree of specialization in regions where similar crops are grown. 

Because of susceptibility to disease or weather for a given crop, producers at the panel meetings 

expressed a desire to grow several different crops to spread risks of price, weather, or disease.  

We assume that no more than one-quarter of the new land brought into production under AWSA 

will be allocated to new high-valued crops not previously grown in the region. 

 

Access to Information: 

High value crops rarely have abundant and reliable information on prices, costs, or yields. For 

example, the Lavender Association was formed in 2012, and one of its major objectives was to 

develop data on quantities, prices, number and location of producers. Because much of the 

production is consumed via local farmers markets and is of small scale, no large government 

statistical agency covers the commodity. This means market information is more anecdotal than 

statistically reliable. The development of a marketing association or cooperative for high value 

crop producers could be used as a coordination point for collection and analysis of market 

information for producers. 

 

Risk Bearing Capacity:  

Risk comes in several forms:  They include production risk due to weather and potential disease 

related risks.  Price and cost related issues are also additional factors. For financial risk, risk 

pooling is a classic solution.  Co-ops could perform that pooling function for risk, through access 

to insurance pools, storage, and marketing pools.     

 

Management:  

Management needs could be met via recruiting of talent with bonuses funded by groups or the 

state. Additional training options for employers offered via New Mexico State University or 

community colleges basic business courses. Courses could be distance education, either 

asynchronous or synchronous. 
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Scale constraints:  

Constraints caused by low absolute scale could be overcome, in part, with collective action in the 

procurement of machinery, supplies, sales, and professional services. There are size minimums 

for the support of food processing. Financial help through State programs like bond arrangement 

should be considered.   

 

4.7 Key Variables Measured  

 

4.7.1 Irrigated Land 

We consulted several sources to measure irrigated land by crop, county, and policy scenario.  

More details are in section 4.4.3.2 for Luna County, section 4.4.4.2 for Grant County, and 

section 4.4.5.2 for Hidalgo County.  Section 5.1 presents our findings.   

 

4.7.2 Water Applied  

Total water applied is calculated by crop, county, and policy scenario.  Total applications were 

calculated as water applied per acre multiplied by the number of acres of land in production.  

This calculation was made for each crop, county, and policy scenario for the base year 2012.  It 

was also predicted for each future year in our time horizon 2013-2050.  Appendix 3 on Data and 

Assumptions contains several data sources that were used to calculate water application rates per 

acre.   Results of our findings are described for the base year in section 5.2. 

 

4.7.3 Gross Revenue Per Acre 

Gross revenue per acre is calculated for each crop, county, and policy scenario for the base year 

2012.  It is also predicted with the optimization model for each year 2013-2050.  It is calculated 

as price per unit multiplied by average crop yield.  Results for the base year are shown by county 

crop, and scenario in section 5.3.  

 

4.7.4 Net Income Per Acre 

As stated in section 4.4.2, Model and Equations, net income per acre was measured for each 

crop, county, and policy scenario using the formulas shown there.  It is measured for the base 
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year and is forecast using the optimization model for each future year 2013-2050.  Results for the 

base year are shown in section 5.4.  

 

4.7.5 Total Net Income for Scenario 1 

Total net income for scenario 1 is calculated for the base year.  It is also forecast for future years 

2013-2050 using the optimization model described above for each county and crop.  It is 

calculated as the number of acres described in section 4.7.1 for scenario 1 multiplied by the net 

income per acre described in section 4.7.5 for scenario 1, as defined in equation 3 in section 

4.4.2.   Results for the base year are shown in section 5.5.  

 

4.7.6 Total Net Income for Scenario 1 per Unit Water Applied (Base) 

Total net income per unit water applied for scenario 1 is calculated for the base year.  It is 

calculated as the total net income for scenario 1 described in section 4.7.4 divided by the number 

of acres described in section 4.7.1.   Results for the base year are shown in section 5.6.  

 

4.7.7 Total Net Income for Scenario 2 

Total net income for scenario 2 is calculated for the base year.  It is also forecast for future years 

2013-2050 using the optimization model described above for each county and crop.  It is 

calculated as the number of acres described in section 4.7.1 for scenario 2 multiplied by the net 

income per acre for scenario 2 described in section 4.7.5.   Results for the base year are shown in 

section 5.7. 

 

4.7.8 Total Net Income for Scenario 3 

Total net income for scenario 3 is calculated for the base year by county and crop.  It is also 

forecast for future years 2013-2050 using the optimization model described above for each 

county and crop.  It is calculated as the number of acres described in section 4.7.1 for scenario 3 

multiplied by the net income per acre for scenario 3 described in section 4.7.5.   Results for the 

base year are shown in section 5.8. 
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4.7.9 Discounted Net Present Value of AWSA Project 

Determining the overall economic performance of any long term scenario is challenging because 

of the complex set of calculations required. Because of the time value of money, a dollar of 

revenue earned in the future or a dollar of cost incurred in the future is worth less than an 

equivalent amount earned today.  The discount rate in the NPV formula is a way to account for 

varying values of cost or benefit in different future years, when there is a need to express in 

common denominator terms streams of benefit and costs incurred in different years.   For our 

investigation of AWSA, the discounted net present value (NPV) of net farm income for each 

policy scenario over our planning horizon of 2013-2050, is defined as the sum of the present 

values of the year-by-year total net income flows.  The year-by-year total net income flows for 

each scenario are forecast from the results of total net income predicted by the optimization 

model for which detailed equations are described in section 4.4.2.  Discounted NPV is calculated 

by county and policy scenario. 

 

NPV is an important tool in discounted cash flow analysis and is the standard method for using 

the time value of money to appraise the economic performance of long-term projects such as 

AWSA.  For our investigation, the NPV for each of the three scenarios measures the excess of 

revenues over costs of production, in present value terms.  The mathematical formula is 

described in equation 4 of Section 4.4.2.  Our calculations are based on the use of a discount rate 

equal to 3.75 percent, the rate guiding water resource investments by the U.S. Bureau of 

Reclamation since March 2013 (Federal Register, 2013).    

 

4.7.9.1 Scenario 1  

Findings for the base scenario are presented in the results section 5.11.  It is the baseline from 

which other scenarios are compared. 

 

4.7.9.2 Scenario 2  

The NPV of net farm income for scenario 2 over our planning horizon of 2013-2050, is defined 

as the sum of the present values of the year-by-year total net income flows for scenario 2.   The 
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year-by-year total net income flows are forecasted from the optimization model described in 

section 4.4.2 above. 

 

4.7.9.3 Scenario 3 

The NPV of farm income earned under AWSA scenario 3 is achieved with the support of AWSA 

water and storage development plus development of high valued crops not currently cultivated.   

 

4.7.9.4 NPV Gain from Scenario 2 Compared to Scenario 1 

Section 5.11.4 presents the gain in NPV from scenario 2 compared to scenario 1. 

 

4.7.9.5 NPV Gain from Scenario 3 Compared to Scenario 1 

Section 5.11.5 presents results of the gain in NPV from scenario 3 compared to scenario 1.   
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5 Chapter 4: Results 

5.1 Irrigated Land  

Table 1 shows irrigated land in production by crop, region, and AWSA scenario for the three 

county region for the base year 2012.  Notice that results from scenario 2 and 3 are identical for 

the base year, since the high valued crops for the third scenario are assumed to take six years to 

overcome existing constraints after the year 2013.  (New Mexico Department of Agriculture, 

2013; USDA Census of Agriculture, 2014).   

 

A larger amount of acreage equal to an estimated total of 26,501 would occur under both 

scenario 2 and scenario 3.  This gain of just of 1700 acres is projected to occur if new acreage 

enters under an arrangement of bidding for the additional 5000 acre feet of AWSA water, and if 

that land would enter at the north side of Deming, closest to the point at which new AWSA water 

could be delivered to the county.   The table shows that the land expands proportionally by about 

6.8 percent to all crops currently under irrigation.   For all three scenarios, the largest acreage 

was cultivated by alfalfa, about 37 percent of the total, followed by green chile (17 percent), corn 

(11 percent), cotton (8 percent), and pecans (8 percent). 
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With AWSA 
Water & Storage

With AWSA Water 
& Storage

With AWSA 
Water & Storage

With AWSA 
Water & Storage

With AWSA 
Water & Storage

With AWSA 
Water & Storage

With Current Ag 
Development 
Constraints

Without Current Ag 
Development 
Constraints

With Current Ag 
Development 
Constraints

Without Current 
Ag Development 

Constraints

With Current Ag 
Development 
Constraints

Without Current 
Ag Development 

Constraints

Alfalfa 260.00 317.54 317.54 350.00 451.75 451.75 9131 9757.36 9757.36

Irrigated Pasture 1720.00 1990.00 1990.00 300.00 270.00 270.00 - - -

Sudan Grass 20.00 24.43 24.43 100.00 129.07 129.07 - - -

Dry Beans - - - - - 247 263.94 263.94

Snap Beans - - - - - 121 129.30 129.30

Corn - - - 400.00 516.28 516.28 2680 2863.84 2863.84

Sorghum - - - 100.00 129.07 129.07 1368 1461.84 1461.84

Wheat - - - - - 798 852.74 852.74

Cotton - - - 700.00 903.49 903.49 1998 2135.06 2135.06

Grapes 20.00 48.00 48.00 40.00 104.00 104.00 309 330.20 330.20

Green Chile - - - 150.00 193.61 193.61 4119 4401.55 4401.55

Fall Onions - - - - - - 601 642.23 642.23

Mid Season Onions - - - - - - 601 642.23 642.23

Late Season Onions - - - - - - 601 642.23 642.23

Watermelons - - - - - - 348 371.87 371.87

Pecans - 84.15 84.15 60.00 146.20 146.20 1878 2006.83 2006.83

Total 2020 2464 2464 2200 2843 2843 24800 26501.21 26501.21

Table 1:  Land in Production by Crop, Region, and AWSA Policy, Southwest New Mexico, New Mexico, 2012 (acres)

Data Sources: US Census of Agriculture (2014), New Mexico Department of Agriculture (2012), Allen (2014), Blandford (2014), and Lowry (2014). 

Crop

Historical 
(2012)

Historical 
(2012)

Historical
 (2012)

Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area)
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The table also shows that a wide range of specialty crops can be grown, with minimum need for 

crops such as irrigated pasture that are planted to produce some yields in the face of unreliable 

supplies that currently occur in the Cliff-Gila area of Grant County and the Virden area of 

Hidalgo County. 

 

The introduction of 5000 acre feet of AWSA surface water to Luna County will support 

additional acreage, but as shown in the table, will have little effect on the cropping patters for the 

year 2012.  The additional water would unlikely be used to a large extent for recharge, since 

growers expressed a preference for a water bidding arrangement in which the new water would 

go to the highest bidder.  

 

The table also presents notable results for the other two counties, Grant and Hidalgo.  It shows 

the influence of less control over the timing and quantity of water supplies, although there is 

some groundwater backup to reduce water timing risks in the Virden area. In periods of the 

growing season when surface water is absent or unreliable, growers pump their wells to make up 

the water deficit.  However, turning on the pumps incurs production costs that could be avoided 

without the pumping. 

 

Two patterns emerge from table 1.   

 

1. An expanded scale of production of all crops under scenario 2 and 3.   

 

2. A transition to higher valued specialty crops such as grapes and pecans, with an attendant 

reduction in acreage of lower valued crops such as irrigated pasture under scenario 2 and 

3.   

 

As stated previously no changes in acreage are shown in scenario 3 compared to scenario 2 for 

the base year. 
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In the Virden Valley, just over one third of the irrigated land in production is planted in crops 

that adapt to poorly timed applications, such as alfalfa, irrigated pasture, and sudan grass.  

Impacts of weak control over surface water timing is shown even more clearly in the Cliff-Gila 

Valley in Grant County, where nearly all of the region’s irrigated land of 2020 acres is planted to 

forage crops (2000 out of 2020).  Forage crops tolerate unreliable surface water supplies as long 

as some monsoon rains materialize in late summer. Currently the Gila River will go dry during 

the growing season.  

 

5.2 Water Applied 

Table 2 shows total water applied for crop irrigation by crop and county for the study area in 

base year 2012.  Total water applications are measured in total acre feet applied by crop, county, 

and scenario.   Appendix 3 table 3 shows water applications in acre-feet per acre.  Table 2 shows 

an amount equal to 2000 additional acre feet of water applied for both policy scenarios for the 

Cliff-Gila area and 2500 additional acre feet applied for the Virden area.   

 

Table 2 presents a similar message as shown in table 1. Under current water supply, timing, and 

use patterns, Luna County has by far the greatest amount of water applied to irrigated land,  at 

just under 73,000 acre feet per year.  It also produces a high absolute level and a high proportion 

of high valued specialty crops such as cotton, fruits, vegetables, and nuts.  Cotton prices were 

weak in 2012, so total cotton water use in Luna County was a comparatively small 6 percent of 

the county’s total agricultural water use.  Tree, fruit, vegetable crops consumed a remarkably 

high 38 percent of total water in Luna County, an important indicator of the economic value of 

control of crop water application timing.   

 

Under scenarios 2 and 3, estimated water use in Grant County will increase from 9030 to 11030 

acre feet per year an annual increase of 2000 acre feet.  For Hidalgo County, water use will 

increase from 8603 to 11013, an annual increase of 2500 acre feet. For Luna County, acreage 

will increase from 72,896 to 77,896 acre feet per year, an annual increase of 5000 acre feet.  For 

the optimization model runs, these new quantities of water cannot be exceeded for scenarios 2 

and 3 for any future year. 
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Table 2:  Water Use for Irrigation by Crop, Region, and AWSA Policy, Southwest New Mexico, New Mexico, 2012 (acre feet) 

Crop 

Grant County (Cliff-Gila 
Area) 

  
Hidalgo County (Virden 

Area) 
  Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & Storage 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without Current 
Ag Development 

Constraints 

Alfalfa 1,170 1,429 1,429 1,575 2,033 2,033 27,393 29,272 29,272 
Irrig Pasture 7,740 8,955 8,955 1,350 1,215 1,215 - - - 
Sudan Grass 53 65 65 450 581 581 - - - 
Dry Beans - - - - - - 576 615 615 
Snap Beans - - - - - - 282 301 301 
Corn - - - 1,667 2,151 2,151 7,906 8,448 8,448 
Sorghum - - - 333 430 430 3,420 3,655 3,655 
Wheat - - - - - - 1,333 1,424 1,424 
Cotton - - - 2,100 2,710 2,710 4,336 4,633 4,633 
Grapes 67 161 161 140 364 364 773 825 825 
Green Chile - - - 688 887 887 14,417 15,405 15,405 
Fall Onions - - - - - - 1,803 1,927 1,927 
Mid Season 
Onions - - - - - - 1,803 1,927 1,927 
Late Season 
Onions - - - - - - 1,803 1,927 1,927 
Watermelons - - - - - - 1,044 1,116 1,116 
Pecans  - 421 421 300 731 731 6,010 6,422 6,422 
Total 
Applications 
(ac ft/Year) 9,030 11,031 11,031 8,603 11,102 11,102 72,896 77,897 77,897 
Added Surface 
Water AWSA 0 2,000 2,000 0 2,500 2,500 0 5,000 5,000 
Data Sources:  NMSU Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014), and Lowry (2014) 



 

Page 45 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Chapter 4: Results  

 

As shown in table 2, growers in Hidalgo and Grant Counties indicated that an increased scale of 

production along with additional acreage and water use for higher income crops currently grown 

in smaller amounts in the region.  For scenario 2, the largest increase in acreage and water use 

for the year 2012 would occur with grape and pecan production, as indicated by our response 

from the producer panels.  However, for the case of scenario 3, growers were unable to respond 

with confidence, because conditions defined by that scenario lie considerably outside their 

personal experience.  Nevertheless, for scenario 3, the table shows identical impacts as for 

scenario 2 for the year 2012 because conditions of scenario 3 are assumed to require an 

adjustment period of six years to take advantage of potential reductions in resource constraints 

currently holding growers back from growing the highest valued income crops.  Additional gains 

in acreage of highest valued crops under scenario 3 compared to scenario 2 would occur in the 

years after 2019, not shown in table 2.  More details clarifying the contrast of scenario 2 with 

scenario 3 are in sections 5.11.1 – 5.11.5 below, where discounted net present values are seen to 

be much different for the scenarios over the period 2013-2050.  

   

5.3 Gross Revenue per Acre 

Table 3 presents gross revenue per acre in production by crop and county for the study region.  

Gross revenue per acre is measured as crop price multiplied by average crop yield. Higher gross 

revenues come from either a higher price per ton received by growers or a higher yield per acre, 

or both (data in Appendix 3).      

 

Table 3 shows revenues received by growers with no attention given to costs of production. The 

highest revenue per acre typically occurs for grapes, green chile, onions, and pecans. Despite the 

importance of gross revenue per acre, growers are typically more interested in net revenue per 

acre.  Calculating net revenue per acre requires subtracting costs of production from gross 

revenue to produce profitability per acre.   
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Table 3:  Gross Revenue per Irrigated Acre by Crop, Region and AWSA Policy, Southwest New Mexico, 2012 (dollars/acre/year) 

Crop 

Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

Alfalfa 2,048 2,048 2,048 2,048 2,048 2,048 2,342 2,342 2,342 
Irrigated 
Pasture 360 360 360 360 360 360 - - - 
Sudan Grass 1,160 1,160 1,160 1,160 1,160 1,160 - - - 
Dry Beans - - - - - - 1,620 1,620 1,620 
Snap Beans - - - - - - 900 900 900 
Corn - - - 1,224 1,224 1,224 1,399 1,399 1,399 
Sorghum - - - 534 534 534 534 534 534 
Wheat - - - - - - 489 489 489 
Cotton - - - 1,070 1,070 1,070 1,659 1,659 1,659 
Grapes 5,185 5,185 5,185 5,185 5,185 5,185 5,185 5,185 5,185 
Green Chile - - - 7,458 7,458 7,458 9,492 9,492 9,492 
Fall Onions - - - - - - 8,036 8,036 8,036 
Mid Season 
Onions - - - - - - 8,036 8,036 8,036 
Late Season 
Onions - - - - - - 8,036 8,036 8,036 
Watermelons - - - - - - 4,082 4,082 4,082 
Pecans  - - 3,865 3,865 3,865 3,865 3,865 3,865 3,865 
Data Sources:  New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014), 
and Lowry (2014) 
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5.4 Net Income Per Acre 

Table 4 shows net revenue per acre by crop and county region for the base year 2012.  Net 

revenue per acre is calculated as (price/ton x yield/acre – cost/acre).  Since this table presents 

results of subtracting average cost per acre from gross revenue per acre, it has a much more 

important influence on total land allocated by growers among the various crops. Growers 

typically allocate more land to the crops earning higher net revenue.   

 

The table illustrates the importance of fruits, vegetables, and nuts as producers of high net 

revenue per acre, for which values are typically from two to ten times the level of forage and 

field crops.   The economic value of forage produced or rented is derived directly from the 

supply of beef cattle that it produces.  Higher beef prices or lower beef production costs raise the 

economic value of forage grazed by the cattle. The value of forage is derived solely from the 

value of beef that graze it.  Higher forage prices for leased forage occur when beef prices 

increase or when ranching production costs decline (Byerley et al., 1999).  

 

Calculated net revenue per acre shows the potential for high income earned. 
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Table 4:  Net Revenue Per Irrigated Acre by Region, Crop, and AWSA Policy, Southwest New Mexico, 2012 (dollars/acre/year) 

Crop 

Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

Alfalfa 1,366 1,366 1,366 1,366 1,366 1,366 1,099 1,099 1,099 
Irrigated Pasture 60 60 60 42 42 42 - - - 
Sudan Grass 860 860 860 842 842 842 - - - 
Dry Beans - - - - - - 650 650 650 
Snap Beans - - - - - - 15 15 15 
Corn - - - 694 694 694 459 459 459 
Sorghum - - - -81 -81 -81 -278 -278 -278 
Wheat - - - - - - -166 -166 -166 
Cotton - - - 73 73 73 264 264 264 
Grapes 3,558 3,558 3,558 3,558 3,558 3,558 2,722 2,722 2,722 
Green Chile - - - 4,595 4,595 4,595 6,118 6,118 6,118 
Fall Onions - - - - - - 2,453 2,453 2,453 
Mid Season 
Onions - - - - - - 2,304 2,304 2,304 
Late Season 
Onions - - - - - - 1,747 1,747 1,747 
Watermelons - - - - - - 302 302 302 
Pecans  - - 3,112 3,112 3,112 3,112 2,777 2,777 2,777 
Data Sources:  New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford (2014), and 
Lowry (2014) 
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In addition, agronomic constraints are respected when making economically-driven cropping 

choices. For example, chile is a very high valued crop, but continued cropping of chile on the 

same land leads to a build-up of soil borne disease, reducing yields over time. (Goldberg, 2009).     

The solution adopted by growers in Luna County is crop rotation to reduce prevalence and cost 

of soil borne disease.  Currently Luna County growers use a 3-4 year crop rotation cycle for 

chile.  Small grains following a year of chile are grown to reduce soil pathogens.  These rotation 

crops typically produce negative net income, as shown in table 4 for wheat and sorghum.  These 

rotation crops would not be grown in the current quantities if not required to make chile 

economically viable.  Some other crop not currently grown such as tomatoes and lavender are 

closely related to chile and suffer from similar diseases, according to growers in the Deming 

panels.    

 

Grant County is shown to produce mostly irrigated pasture, which produces a low net income per 

acre, even though its small amount of grape acreage produces over $3,000 per acre.  This is an 

indication of potentially good news, a high valued crop that could expand considerably in future 

years with acceptable upstream storage and a more secure water right for farming and ranching 

than currently exists in the region. 

 

Hidalgo County produces a higher range of high valued crops, showing some corn at $694 net 

income per acre along with a modest acreage of grapes and green chile, both producing more 

than $3000 per acre along with some pecans, which we estimate produced over $3000 per acre in 

the base year of 2012. 
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5.5 Total Net Income for Scenario 1  

Table 5 shows total net farm income by crop and county for the base year 2012 with access only 

to existing water supplies.   It also shows total net farm income summed over crops for each of 

the three counties. As described earlier in the documentation of the optimization model, total net 

income for any given crop in any county is measured as:   

 

Net Farm Income = [land in production] x [(price/ton x yield/acre) – (cost/acre)]  

 

Total net farm income for each county requires summing income from this formula over all crop 

acreage in production, using the data presented in Table 1.  

 

Table 5 shows that under crop and water use patterns for the year 2012, over the three counties 

produced about $49.2 million in farm income.  

 

Similar to the results shown by land in production and water use, Luna County earns by far the 

greatest amount of total income from crop irrigation.  Its earnings make up about 95 percent of 

the total net farm income earned in the three-county region.  It also produces a high proportion of 

high valued specialty crops, including fruits, vegetables, and nuts. 
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Table 5:  Total Net Income by Crop and Region, without AWSA Water Supplies and Storage and with Current Agricultural Development 
Constraints, Southwest New Mexico, 2012 (dollars/year) 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

Historical  
(2012) 

Historical  
(2012) 

Historical 
 (2012) 

Alfalfa 355,160 478,100 10,038,621 

Irrigated Pasture 103,200 12,600 - 

Sudan Grass 17,200 84,200 - 

Dry Beans - - 160,636 

Snap Beans - - 1,857 

Corn - 277,595 1,230,365 

Sorghum - -8,087 -380,807 

Wheat - - -132,747 

Cotton - 51,100 526,773 

Grapes 71,155 142,310 841,175 

Green Chile - 689,250 25,197,983 

Fall Onions - - 1,474,253 

Mid Season Onions - - 1,384,704 

Late Season Onions - - 1,049,947 

Watermelons - - 105,101 

Pecans  0 186,706 5,214,774 

Total 546,715 1,913,774 46,712,635 
Data Sources:  New Mexico State University Cooperative Extension, Grant, Hidalgo, and Luna Counties (2013), Allen (2014), Blandford 
(2014), and Lowry (2014) 
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5.6 Total Net Income for Scenario 1 per Unit Water Applied (Base)  

Table 6 shows the average economic value of water per acre foot applied by crop and county for 

each of the three counties for 2012, under scenario 1.  That economic value is calculated as total 

net income per acre (table 5) divided by water applied per acre (Table 2).  The weighted average 

is also shown at the bottom of the table, equal to $61 per acre foot for Grant County, $222 per 

acre foot for Hidalgo County, and $641 per acre foot for Luna County.  The table shows that a 

high average value of water per acre foot applied can occur from a combination of high crop 

prices, high crop yields, low costs of production, or low water use applications per acre.  

 

Most of the data for each of these two terms are based on cost and return budgets published by 

the New Mexico State University College of Agriculture, Consumer, and Environmental 

Sciences (New Mexico State University Cooperative Extension, 2013a; New Mexico State 

University Cooperative Extension, 2013b; New Mexico State University Cooperative Extension, 

2013c).   Table 6 also shows values for some specialty crops for which NMSU ACES does not 

publish budgets, but for which some acreage occurred for 2012.   These crops include 

watermelons, dry beans, snap beans, and grapes.  For these crops, out-of-state land grant 

university sources were consulted (Pennsylvania State University Cooperative Extension, 2012; 

University of California  Cooperative Extension, 2000; University of California Cooperative 

Extension, 2008; University of California Cooperative Extension, 2012).    

 

The table shows that under the current water supply, timing, and use patterns, Luna County 

maintains its first place status with a weighted average value per acre foot applied of $641.  For 

that county, values per acre foot applied range from a low of $-111 (sorghum, a rotation crop for 

chile) to a high of $1748 per acre foot for chile.  
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Table 6:  Average Value of Water in Irrigation without AWSA Water Supplies by Crop and Region, Southwest 
New Mexico, 2012 (acres) 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

Historical  
(2012) 

Historical  
(2012) 

Historical 
 (2012) 

Alfalfa 304 304 366 

Irrigated Pasture 13 9 - 

Sudan Grass 323 187 - 

Dry Beans - - 279 

Snap Beans - - 7 

Corn - 167 156 

Sorghum - -24 -111 

Wheat - - -100 

Cotton - 24 121 

Grapes 1,062 1,017 1,089 

Green Chile - 1,003 1,748 

Fall Onions - - 818 

Mid Season Onions - - 768 

Late Season Onions - - 582 

Watermelons - - 101 

Pecans  - 622 868 

Weighted Average 61 222 641 
 

Note: Cell entries with a dash indicate no acreage in production. 
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5.7 Total Net Income for Scenario 2  

Table 7 shows total farm income for scenario 2 by crop and county in dollars per year, for the 

base year 2012.  The same formula is used to calculate farm income as was shown in an earlier 

section of this report.  Important assumptions are:   

 

Growers in the Grant and Hidalgo County regions with access to new AWSA water and storage 

would potentially expand their scale of farming operations to put the new AWSA water to 

beneficial use.  Moreover, growers could shift their cropping patterns, favoring increased 

production of high value crops that require well-timed water for full yields.  Growers would 

delete acreage of lower valued forage crops.  Forage crops do not suffer major yield losses from 

poorly timed surface supplies.  Additional surface for this scenario are 2000 acre feet per year 

(Grant County) and 2500 acre feet per year (Hidalgo County).  Growers in Luna County would 

expand their acreage in proportion to the 5000 acre feet of new supplies with AWSA water.  

 

5.8 Total Income for Scenario 3  

Table 8 shows total net farm income for scenario 3 by crop and county in dollars per year, for the 

base year 2012.  Since a movement to higher valued crops would only occur with a lag of several 

years, total income for each county and crop is identical for scenario 2 as for scenario 3.  Of 

course, over the longer  planning period defined by the years 2013-2015, discounted net present 

value of net farm income is much higher under scenario 3 than under scenario 2.   

 

5.9 Gain in Total Net Income for Scenario 2 Compared to Scenario 1 (Base)  

Table 9 shows the gain in total annual farm income produced by new AWSA water supplies 

without storage by crop and region in the study area, in dollars per year, for the base year, 2012. 

Table results are based on the assumption that growers in Grant and Hidalgo Counties with 

access to new AWSA water would produce crops in equal proportions to those currently grown.  

The income gain is about $460,000 per year for the Grant County region, $950,000 per year for 

the Hidalgo County region, and $3.2 million per year for Luna County, for a total gain of just 

over $4.6 million per year.
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Table 7:  Total Farm Income by Crop and Region, with AWSA Water Supplies and Storage and with Current Agricultural 
Development Constraints, Southwest New Mexico, Dollars Per Year, 2012 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

With AWSA Water & Storage With AWSA Water & Storage With AWSA Water & Storage 

With Current Ag Development 
Constraints 

With Current Ag Development 
Constraints 

With Current Ag Development 
Constraints 

Alfalfa 433,757 617,084 10,727,241 

Irrigated Pasture 119,400 11,340 - 

Sudan Grass 21,006 108,677 - 

Dry Beans - - 171,656 

Snap Beans - - 1,985 

Corn - 358,291 1,314,765 

Sorghum - -10,438 -406,930 

Wheat - - -141,853 

Cotton - 65,955 562,908 

Grapes 170,772 370,006 898,877 

Green Chile - 889,615 26,926,489 

Fall Onions - - 1,575,382 

Mid Season Onions - - 1,479,691 

Late Season Onions - - 1,121,970 

Watermelons - - 112,310 

Pecans  - 454,941 5,572,492 

Total Income 1,006,791 2,865,471 49,916,982 
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Table 8:  Total Farm Income by Crop and Region, with AWSA Water Supplies and Storage and without Current Agricultural 
Development Constraints, Southwest New Mexico, Dollars Per Year, 2012 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

With AWSA Water & Storage With AWSA Water & Storage With AWSA Water & Storage 

Without Current Ag 
Development Constraints 

Without Current Ag 
Development Constraints 

Without Current Ag 
Development Constraints 

Alfalfa 433,757 617,084 10,727,241 

Irrigated Pasture 119,400 11,340 - 

Sudan Grass 21,006 108,677 - 

Dry Beans - - 171,656 

Snap Beans - - 1,985 

Corn - 358,291 1,314,765 

Sorghum - -10,438 -406,930 

Wheat - - -141,853 

Cotton - 65,955 562,908 

Grapes 170,772 370,006 898,877 

Green Chile - 889,615 26,926,489 

Fall Onions - - 1,575,382 

Mid Season Onions - - 1,479,691 

Late Season Onions - - 1,121,970 

Watermelons - - 112,310 

Pecans  261,855 454,941 5,572,492 

Total Income 1,006,791 2,865,471 49,916,982 
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Table 9:  Total Gain in Farm Income by Crop and Region, Produced with AWSA Water and Storage Compared to without 
AWSA Water and Storage, Southwest New Mexico, Dollars Per Year, 2012 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

With AWSA Water & Storage With AWSA Water & Storage With AWSA Water & Storage 

With Current Ag Development 
Constraints 

With Current Ag Development 
Constraints 

With Current Ag Development 
Constraints 

Alfalfa 78,597 138,984 688,619 

Irrigated Pasture 16,200 -1,260 - 

Sudan Grass 3,806 24,477 - 

Dry Beans - - 11,019 

Snap Beans - - 127 

Corn - 80,697 84,399 

Sorghum - -2,351 -26,122 

Wheat - - -9,106 

Cotton - 14,855 36,135 

Grapes 99,617 227,696 57,702 

Green Chile - 200,365 1,728,506 

Fall Onions - - 101,129 

Mid Season Onions - - 94,987 

Late Season Onions - - 72,023 

Watermelons - - 7,210 

Pecans  - 268,235 357,718 

Total Income Gain 460,076 951,697 3,204,347 
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5.10 Gain in Total Net Income for Scenario 3 Compared to Scenario 1 (Base)   

Table 10 shows estimated gains in total farm income produced by new AWSA water under 

scenario 3 compared to scenario 1. Results are the same as for scenario 2 compared to scenario 1 

since the new high valued crops that would enter production will take up to 7 years to make the 

adjustment to overcome the resource constraint described earlier.   

 

5.11 Discounted Net Present Value of AWSA Project 

Table 11 and figure 4 show the discounted net present value of net farm income by county and 

scenario.  The overarching pattern can be summarized by a few observations:     

 

For the reasons described earlier in this report, the lowest discounted net present value occurs for 

scenario 1.  Summed over the three counties, the total is $1,930,966,256.  While it is an 

economic value of considerable magnitude, it is the lowest of the three scenarios because 

scenario 1 provides no additional AWSA water or storage and eliminates no development 

constraints currently facing growers.  Therefore, the year-by-year future cropping mix under that 

scenario, acreages, and net income per acre forecast by the optimization model see only modest 

changes from those of the base year 2012.  

 

The next lowest discounted net present value takes place for scenario 2.  Added up over the three 

counties, the total for that scenario is $2,104,092,614.  It is a gain of $173,126,358 compared to 

scenario 1.  As stated earlier this gain occurs because of the conditions defined by scenario 2.  

Under that scenario, AWSA allows growers to expand their acreage in proportion to the 

additional water with existing cropping patterns.  In addition, that scenario assumes that growers 

will shift into higher net income crops that are already grown in smaller amounts in the region 

because of existing limited control over water in the peak irrigation season.    

 

Again, as described earlier in the report, the highest net present value occurs for scenario 3.  

Summed over our three counties, that scenario’s total is $2,512,813,256, a gain of $581,847,000 

compared to outcomes from scenario 1.  These gains occur because of the unique grower  
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Table 10:  Total Gain in Farm Income by Crop and Region, Produced with AWSA Water and Storage without Agricultural Development 
Constraints Compared to without AWSA Water and Storage, Southwest New Mexico, Dollars Per Year, 2012 

Crop 

Grant County  
(Cliff-Gila Area) 

Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

With AWSA Water & Storage With AWSA Water & Storage With AWSA Water & Storage 

Without Current Ag Development 
Constraints 

Without Current Ag Development 
Constraints 

Without Current Ag Development 
Constraints 

Alfalfa 78,597 138,984 688,619 

Irrigated Pasture 16,200 -1,260 - 

Sudan Grass 3,806 24,477 - 

Dry Beans - - 11,019 

Snap Beans - - 127 

Corn - 80,697 84,399 

Sorghum - -2,351 -26,122 

Wheat - - -9,106 

Cotton - 14,855 36,135 

Grapes 99,617 227,696 57,702 

Green Chile - 200,365 1,728,506 

Fall Onions - - 101,129 

Mid Season Onions - - 94,987 

Late Season Onions - - 72,023 

Watermelons - - 7,210 

Pecans  261,855 268,235 357,718 

Total Income Gain 460,076 951,697 3,204,347 
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Table 11:  Discounted Net Present Value of Net Farm Income by County and AWSA Policy, Grant, Hidalgo, and Luna 
County, New Mexico, 2013-2050 ($US) 

County Area 

Without AWSA Water 
& Storage 

With AWSA Water & 
Storage 

With AWSA Water & 
Storage 

With Current Ag 
Development 
Constraints 

With Current Ag 
Development Constraints 

Without Current Ag 
Development 
Constraints 

Scenario 1  
(Base) 

Scenario 2 
 (Alternative 1) 

Scenario 3  
(Alternative 2) 

Grant County Cliff-Gila Area 19,491,996 33,741,781 196,172,748 

Hidalgo County Virden Area 76,757,121 109,773,728 257,409,140 

Luna County  Deming Area 1,834,717,140 1,960,577,105 2,059,231,369 

Total   1,930,966,256 2,104,092,614 2,512,813,256 

Economic Gain Compared to Base - 173,126,358 581,847,000 
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Figure 4:  Discounted Net Present Value of Net Farm Income by County and AWSA Policy, 
Grant, Hidalgo, and Luna County, New Mexico, 2013‐2050 ($US)

Without AWSA Water & Storage With Current Ag Development Constraints (Scenario 1 ‐ base)

With AWSA Water & Storage With Current Ag Development Constraints (Scenario 2 ‐ Alternative 1)

With AWSA Water & Storage Without Current Ag Development Constraints (Scenario 3 ‐ Alternative 2)
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behavior responding to conditions defined by scenario 3:  The first reason for the large gain is 

that given time for adjustment, growers in Grant and Hidalgo Counties gradually shift into 

cropping patterns currently seen in Luna County because of better control of water supply than 

currently possible.   Although yields will be lower in Grant than Luna County because of its 

higher elevation, most of the crops grown in Luna County (except cotton) can be grown in Grant 

County under this optimistic future scenario.  A second reason for the large gain under this 

scenario is that AWSA water and storage allow growers to shift into high valued crops on up to a 

third of their new acreage brought into production under AWSA water and storage.  History in 

New Mexico has shown that certain high valued crops not currently grown, notably various 

kinds of berries and a range of melons could be grown in the area, but because of marketing and 

expertise and related resource constraints, these crops are not currently grown. Additional details 

on each of the scenarios are provided below. 

 

5.11.1  Scenario 1  

Table 11 and figure 4 show that scenario 1, the base case, has modest levels of NPV farm income 

earned in Grant County equal to $19.5 million (1 percent of the total of $1.930 billion).  Hidalgo 

County is forecast to earn $76.8 million in NPV (4 percent of the total).  Luna County earns by 

far the largest amount, equal to $1.835 billion, or 95 percent of the total for the three county 

region. 

 

5.11.2 Scenario 2  

Table 11 and figure 4 also show the considerably higher level of NPV value than could be 

achieved by scenario 2 than scenario 1, an amount equal to $2,104,092,614.  This is a gain of 

$173,126,358 from scenario 1. Grant County would experience a large growth brought on by 

scenario 2, increasing from $19.5 million to $33.7 million, a 73 percent gain.  Hidalgo County 

achieves discounted net present value of benefits equal to $109.7 million, a growth of 43 percent 

from its base scenario of $76.7 million.  Luna County achieves a total of $2.104 billion under 

scenario 2, compared to their base level of $1.930 billion, a growth of $125.9 million, or just 

under 7 percent.   
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5.11.3 Scenario 3 

Finally, table 11 and figure 4 show the expected result that the largest level of discounted net 

present value will be achieved by scenario 3, a total amount of $2,512,813,256.  That total is a 

gain of $581,847,000 from the base case.  Grant County experienced the largest growth from 

scenario 3, increasing from $19.5 million to $196.2 million a 1006 percent gain.  Hidalgo County 

achieves a discounted net present value of benefits equal to $257.4 million under scenario 3, a 

growth of 334 percent from the base.  Luna County achieves a total of $2.059 billion under 

scenario 3, a growth of just under 12 percent from its scenario 1.    

 

5.11.4  NPV Gain from Scenario 2 Compared to Scenario 1 

Scenario 2 is the scenario presented to the growers at the producer panel meetings, and consists 

of additional AWSA water and storage.  Growers were able to respond to this scenario.  They 

generally expressed the view that they would expand their scale of production as well as shifting 

into more profitable crops currently grown in the region in smaller quantities in both current and 

future years.  Results of the optimization model forecasted for scenario 2 show total gains in 

NPV over our three counties equal to $173,126,358 compared to the base scenario 1.  

 

Gains from scenario 2 compared to 1 come from an overall expansion of scale in all three 

counties based on access to larger amounts of water.  Additional gains result from a reduction in 

some field and forage crops combined with an increase in cultivation of higher income crops 

such as pecans and grapes in Grant and Hidalgo Counties that are permitted by access to better 

timed water.  Growers interviewed at the producer panels indicated both sources of gain 

(appendix 2). 

 

5.11.5 NPV Gain from Scenario 3 Compared to Scenario 1   

Scenario 3 reflects the NPV of additional AWSA water and storage combined with an expansion 

of high valued crops not currently grown in the area.  It also consists of growers in Hidalgo and 

Luna Counties gradually over future years changing into current cropping patterns that occur in 

Luna County where climate permits.  This was a scenario not directly presented to growers, as it 

requires the assumption of future conditions much different from those experienced in recent 
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years.  Table 11 and figure 4 show that results of the optimization model forecasted for scenario 

3 show total gains in NPV over our three counties equal to $581,847,000 compared to the base.  

 

Gains from scenario 3 compared to scenario 2 come from two additional sources not achieved 

under conditions of scenario 2.  First are the additional gains permitted by the shifting of 

cropping patterns in Grant and Hidalgo Counties to reflect 2012 conditions in Luna County. 

While not experienced immediately, these conditions are assumed to be possible after a six year 

delay as growers gain knowledge, expertise, and access to information and labor motivated by 

the greater access to controlled water storage permitted by AWSA supplies.  The second 

additional gain comes from the cultivation of high valued crops not currently harvested in the 

three county region on up to a quarter of the new lands brought into production thanks to new 

AWSA supplies.  Based on evidence from the University of California enterprise budgets 

(University of California Cooperative Extension, 2014) adjusted for southwest New Mexico’s 

climate conditions, those crops are assumed to earn higher incomes after a delay of six years.  

These incomes are calculated at $7,713 per acre for Grant County, $10,795 per acre for Hidalgo 

County, and $16,163 per acre for Luna County.  Obviously, these are optimistic incomes per 

acre, much higher than farming incomes typically earned in that region in our base year of 2012.  

Considerable technical, experience, educational, resource and institutional constraints that 

currently face growers in this region would need to be overcome for those income gains to turn 

into actual economic gains on the ground. 
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6 Chapter 5: Conclusions and Recommendations 

This study evaluated the potential economic impacts of providing AWSA surface water to the 

existing major irrigated agriculture areas in Southwest New Mexico.  It focused on farm 

economic impact estimates resulting from an additional allocation of 9,500 acre-feet per year of 

AWSA surface water to the following irrigated areas in southwest New Mexico: 

 

 Virden area (Hidalgo County): 2500 Acre Feet per year 
 Cliff-Gila valley (Grant County): 2000 Acre Feet per year 
 Deming area (Luna County):  5000 Acre Feet per year 

 

The analysis was performed under three different scenarios: 

1. Scenario 1 (baseline):  with neither additional water nor storage, reflective of conditions 
in the base year 2012. 

2. Scenario 2:  (water and storage, normal future) with additional water and storage with 
current agricultural development constraints 

3. Scenario 3 (water and storage, optimistic future):  with additional water and storage 
without current agricultural development constraints  

 

At a discount rate of 3.75 percent, the discounted net present value of farm income over the 

period 2013-2050 for scenario 1 is estimated at $1.931 billion.  Discounted net present value 

from scenario 2 is calculated to be $2.104 billion, showing a gain of $ 173.126 million compared 

to scenario 1 (9% increase). The equivalent discounted net present value for scenario 3 is $2.512 

billion, for an estimated gain of $581.847 million (30% increase) for the three-county region.    

 

However, as this study was underway, the ISC completed two other important studies that had 

impacts on the assumptions used for the present study: Based on a Value Engineering study, the 

safe yield of the AWSA project was estimated be less than 10,000 AF/yr  for all uses, including 

irrigated agriculture (RJH Consultants, 2014).  Therefore, the ISC directed another consultant 

who was conducting a Benefit-Cost (BC) study, to consider 8,000 AF/yr of AWSA water to be 

available, and allocate 2,000 AF/yr of that water for agricultural use under the AWSA project  

(Harvey Economics, 2014). Most of that 2,000 AF/yr would likely be used for crop irrigation in 

Grant County.  If, in fact, only 2,000 acre feet of AWSA water becomes available for the entire 

southwest New Mexico study region, and if all that water is allocated to irrigated agriculture, 
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then the impacts of the AWSA project can be seen as the Grant County row alone in Table 11 

and its equivalent bar chart elements in figure 4.  That value, in discounted net present value 

terms, would amount to $33,441,781 – $19,491,996 = $13,949,785 for scenario 2.  It would 

become $196,172,748 – 19,491,996 = 176,680,752 for scenario 3 (approximately 900% 

increase).  

 

This is by no means unprecedented, even in New Mexico.  Reclamation projects built in New 

Mexico and elsewhere in the west from the inception of the Bureau of Reclamation’s irrigation 

development mandate in the early 20th century have increased farm income by several hundred 

percent.  An important source of income growth from improved technology occurred from the 

introduction and widespread use of groundwater pumping from aquifers that occurred after 

World War II (Pisani, 1992; Pisani, 2003; US Bureau of Reclamation, 2014). 

 

One important documented example of an increased scale and value of irrigated agriculture 

comes from the Rio Grande Project area of southern New Mexico and west Texas.  Irrigated 

acreage in the Rio Grande Project area expanded from 26,230 acres in 1910 to 45,986 in 1917, 

with gradual increases to 88,714 acres by 1945 (Woznaik, 1998).  These increases in scale of 

agriculture occurred from several factors.  These include greater reliability of water supplies, a 

growing commercialization of agriculture, pricing water affordably, at a rate defined by farmers’ 

ability to pay.  Other factors include establishment of food processing facilities (Woznaik, 1998) 

and the signing of the Rio Grande Compact of 1938, establishing a sliding scale for sharing 

water among Colorado, New Mexico, and Texas (Ward, 2013).  Other important reasons include 

improved drainage installed in the 1920’s.  This was complemented by a greater willingness to 

bear risk by irrigators to plant high income crops as a consequence of more reliable control over 

water supplies in addition to greater access to reliable farm labor and food processing facilities 

(Autobee, 1994; Woznaik, 1998). 

   

Not only did irrigated acreage increase in the Rio Grande Project Area, but economic values of 

land per acre for irrigation farming increased by even more.  As construction for the dam started 

in 1906, land values averaged $17.50 an acre. Seven years later in 1913, anticipating the value of 
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the additional water, the price of the same unimproved land increased from $50 to $75 an acre.  

Soon after that, developed land for orchards and gardens within 10 miles distance of El Paso sold 

for $650 to $1,200 an acre (Autobee, 1994).  Clearly, the lessons of history reveal numerous 

opportunities for considerable increases in farming incomes in the study region, as described in 

detail below.  As discussed before, the high value crops assumed in our analysis for scenario 3 

are apples, grapes and pecans before 2019, and melons, raspberries, blackberries, and 

strawberries after 2019. 

 

Overall, several important recommendations emerge from our findings.  All focus on the need 

for water resource planners in New Mexico to investigate measures to overcome the very 

considerable existing constraints that limit the profitable cultivation of high valued crops not 

currently cultivated at scale, especially in Hidalgo and Grant Counties.    

 

Measures to remove labor constraints could be examined.  For labor-intensive crops, current 

policy restrictions on guest worker program could be relaxed to allow economically affordable 

harvest of high value crops not currently cultivated in a study area. Development of advanced 

mechanical harvesting, cultivation, and thinning development would be an alternative if 

affordable labor is unavailable. 

 

Grower experience in cultivating new high valued crops is presently poorly developed. These 

constraints could be overcome given adequate time and resources. NMSU extension or other 

teaching resources may be required to assist with training or classes or short courses to overcome 

limited experience with these high valued crops.   Many high value crops require intensive 

management, technical knowledge and practiced technical skill to be successful. A critical mass 

of such individuals will need to be attracted from other commercially profitable areas to 

supplement the managerial skill necessary for growing higher valued crops in our study area.   

 

Our scenario 3 assumed that mechanization could be developed to substitute for labor shortages 

with the accompanying necessary adaptation for plants to be adaptable to machine cultivated or 

harvested. This will require the development of determinate varieties of high value plants, which 
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will allow for one pass harvesting. Typically many potentially high value plants are non-

determinate requiring multiple pass picking as the crop ripens or matures, which raises 

production costs and reduces profitability.  

 

Scale of Production: 

Most high value food crops are grown for the fresh market, which require a smaller scale of 

production in a low population area, such as our three county region. This scale sets an upper 

bound on acreage in production. Necessary processing and handling facilities could be developed 

by formation of a cooperative organization to market the product and/or process it. Necessary 

capital could be provided through state industrial bond financing or loans from the Bank for 

Cooperatives (Co-Bank) and producers if the Cooperative structure is used. 

 

Infrastructure:   

An important requirement for growing a high value crop profitably is acceptable transportation 

and marketing infrastructure to permit an adequate scale of transport from farm to market.  We 

assume that this constraint could be overcome with time for adjustment and with possible state or 

federal subsidies. 

 

Food Processing Facilities:  

Most of the high value crops selected will be for the fresh or minimally processed market to 

avoid the necessity of large capital expenditures to build processing plants. A processing plant 

for most varieties requires a critical mass of large acreage of production to achieve the necessary 

economies of size for the processing plant.  

 

Access to Information: 

High value crops rarely have abundant and reliable information on prices, costs, or yields. For 

example, the Lavender Association was formed in 2012, and one of its major objectives was to 

develop data on quantities, prices, number and location of producers. Because much of the 

production is consumed via local farmers markets and is of small scale, no large government 

statistical agency covers the commodity. This means market information is more anecdotal than 
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statistically reliable. The development of a marketing association or cooperative for high value 

crop producers could be used as a coordination point for collection and analysis of market 

information for producers. 

 

Risk Bearing Capacity:  

Risk comes in several forms, and includes production risk due to weather and potential disease 

related risks.  Price and cost related issues are also additional factors. For financial risk, risk 

pooling is a classic solution.  Co-ops could perform that pooling function for risk, either though 

access to insurance pools, storage, and marketing pools.     

 

Management:  

Management needs could be met via recruiting of talent with bonuses funded by groups or the 

state. Additional training options for employers offered via New Mexico State University or 

community colleges basic business courses. Courses could be distance education, either 

asynchronous or synchronous. 

 

Scale constraints:  

Constraints caused by low absolute scale could be overcome, in part, with collective action in the 

procurement of machinery, supplies, sales, and professional services. There are size minimums 

for the support of food processing. Financial help through State programs like bond arrangement 

would need to be considered.   
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8 Appendix 1: Detailed Literature Review - Economic Value of Water in 

Irrigation 

8.1 Summary 

The design of institutions, policies, and programs that maximize water’s beneficial use in the 

face of growing demands for scarce and random supplies is the central policy issue in dry places. 

It is a growing issue in the face of ongoing drought and climate variability, which has seen 

growing intensity in the American southwest since 2010.  Information on water’s economic 

value for crop production enables decision makers to make informed choices on water 

development, conservation, allocation, and use when growing demands for all uses of water are 

made in the face of increased scarcity and supply variability.  Conceptually correct and 

empirically accurate estimates of the economic value of water in irrigation are essential for 

informed allocation of scarce water across locations, uses, users, and time periods. This review 

of the literature raises several issues that must be considered in deriving accurate estimates of the 

economic value of water for crop irrigation.  These include establishing common denominators 

for water values in quantity, time, location and quality; identifying the point of view from which 

values are measured; distinguishing the period of adjustment over which values are estimated; 

and accounting for the difference between total and incremental values of water.  Selected data 

sources that can be used for the valuation of water in irrigation are also described. 
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8.2 Background 

The need to develop flexible institutions to maximize water’s beneficial use in the face of 

growing demands for scarce and variable supplies is the most compelling issue for economic 

development for people who live in dry places. In most of the western US, surface and 

groundwater supplies are scarce and for practical purposes fully used. Rapidly growing human 

population and increasing demands for protecting endangered species and other environmental 

values are newer uses of water (Ward and Michelsen, 2002). For political, legal, hydrologic, and 

economic reasons, it is likely that few regions in the western United States, with the possible 

exception of the Gila Basin in New Mexico, will develop new water supplies. New uses will 

have to be accommodated by reduced uses of surface water from other uses, locations, or time 

periods.  Similarly, new groundwater appropriations are likely to require the retirement of 

surface water or water rights where ground and surface water flows are connected. In principle, 

more water, better timed water, water at a more suitable place, and better quality water for a 

particular use are usually available at a higher price if sufficient time is allowed for building 

storage, conveyance or treatment capacity. The nature of problems involving water is typically 

one of conflict among alternatives stemming from economic scarcity rather than physical 

shortages. The conflicts may be of various types. Examples include competition among kinds of 

uses, between geographic location of use, between current and future uses, between endangered 

species saved from extinction and food production displaced from saving the species, and 

between water resources developed or used and other resources displaced by that water 

development and use. 

 

8.3 Economic Concepts 

Water has economic value only when its supply is scarce relative to its demand (Ward and 

Michelsen, 2002). Whenever water is available in unlimited supply, it is free in the economic 

sense. Scarce water takes on economic value because many users compete for its use. In a market 

system, economic values of water, defined by its price, serve as a guide to allocate water among 
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alternative uses, potentially directing water and its complementary resources into uses for which 

they yield the greatest total economic return. 

 

In dry places, economic and population growth create situations where water is economically 

scarce. In these places, water institutions, laws, projects, policies, and programs are designed to 

provide for maximum benefits from the use of scarce water. Not only is water itself scarce, but 

money, manpower, and other resources required to develop, allocate, transport, and purify water 

are scarce. Competing claims for money and other resources and the economic and political 

difficulty of increasing taxes to pay for water programs constrain the resources available for 

water programs. While the political process always determines which programs are undertaken, 

there is also a need for more general economic standards by which competing water policies and 

programs can be gauged.   

 

The economic principles underlying water policy decisions rest on the ideas of benefit and cost. 

For example, releasing water from a dam to increase streamflow by 100 cubic feet per second 

may add 600 units of endangered species habitat, which, for example, might be worth $25 each 

to people who value that habitat. The benefit of this policy will be 600 x $25 = $15,000. 

According to the basic rule of benefit maximization, in which increasing the total value of scarce 

resources is presumed desirable, this action should be undertaken if its cost is less than or equal 

to $15,000. All the incremental costs resulting from a proposed action are its marginal costs, and 

the extra benefits are its marginal benefits.  

 

If policies enacted are limited to those that increase economic efficiency, a water program will 

only be implemented if its marginal benefits equal or exceed marginal costs.  For public water 

policy proposals, maximum economic beneficial use of water and its complementary resources 

requires that government formulate, implement, and evaluate their program plans and select their 

programs using these economic principles. An important aim of water use in dry places can be 

stated in terms of maximization of the economic product obtained from that water use. What is to 

be maximized is the social benefit from the water used and not the quantity of water used itself.  

In areas of intense competition for water, an important objective of water policy, in addition to 
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protecting the public interest, is to allocate the water resource to those agricultural, residential, 

industrial, recreational, endangered species, and other uses that will make the most productive 

use of the water available for these purposes. This is certainly an ongoing challenge for the Gila 

River.  Put differently, this goal is that water institutions and programs should help shape 

civilization along lines desirable to those people who use the water by increasing their living 

standards.  

 

While the principle of maximizing the total economic value of resources such as water is an 

essential concept of modern natural resource economics, there is considerable debate among 

water policymakers and the public at large on how this can be achieved. In principle, one could 

examine a given river basin with known potentials of water use and look for that use or 

combination of water uses which produces the greatest economic product from a given 

expenditure of goods, services, water, and taxpayer revenue.  

 

State and federal legislative bodies, when designing water institutions, attempt just this, subject 

to an acceptable distribution of these benefits. So there are likely to be continued policy debates 

over the quantity and quality of water available for all major uses and heated discussions 

regarding the best allocation among uses of water and among competing proposals that would 

alter those uses.  

 

Translation of the physical effects of a proposed water program or policy into economic benefits 

and costs involves estimates of the values of the increases and decreases in resources of value 

under future conditions with and without the program.  For purposes of economic analysis, the 

need for common denominators requires that benefits and costs be measured from the same 

viewpoint (private, local, regional, national), same period of time, and for the same program 

aims. Starting with estimated physical effects of the proposal, it is necessary to evaluate those 

effects in monetary terms where common denominator comparisons are desired. Market prices 

for program outputs are a good place to start in the search for an estimate of their economic 

benefits; but as will be discussed subsequently, many adjustments may be required. The effect of 
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all this is to express benefits and costs of water programs in monetary terms reduced to a 

common denominator for comparison.    

 

In the field of public water policy, analysis of benefits and costs uses a simple decision rule. If, 

for some proposed action, the sum of benefits exceeds the sum of the costs by a larger amount 

than any other action with the same aim, the proposed action should be adopted where the goal is 

an increase in overall living standards.  Otherwise it should not.   

 

For the concept of revenue to the private firm, one substitutes the concept of benefit to society. 

For the cost to the private firm, the concept is opportunity cost. Opportunity cost is the value of 

benefits displaced by a policy action that diverts resources from other productive economic 

activities and brings those resources to support that action. For the firm’s profit, one substitutes 

the concept of the amount by which benefits exceed costs to the larger society.  

 

8.3.1 Defining the Economic Value of Water 

This section summarizes the conceptual framework for economic valuation of goods and services 

as applied to water resource management.   The most important attention is given to valuing 

changes in water supply for reallocation or investment decisions, but changes in reliability are 

also addressed, such as greater supply reliability from additional storage if constructed in New 

Mexico’s Gila Basin off the mainstem of the Gila River.  Included is a discussion of some issues 

that are unique to the valuation of water in crop irrigation. Additional details are available in a 

more comprehensive treatment (Douglas, 2009; Young, 2005). 

 

Resource economists conducting valuation exercises for water resources used in irrigation 

(Keramatzadeh et al., 2011; Molden and Sakthivadivel, 1999; Reinelt et al., 2012)  assign 

monetary measures of farmers’ and ranchers’ preferences for outcomes of policy proposals, such 

as additional AWSA water and storage.  For the current context, the outcomes of interest are 

improved water supply and improved water supply reliability.  Using a monetary measure for 

valuing additional water and storage facilitates comparisons with monetary costs of investments, 

and with values in alternative uses such as environmental, recreational, or urban uses of water.   
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The economic valuation of a policy outcome such as the AWSA water and storage is based on 

the principle of willingness to pay.  For crop irrigation, benefits of additional water is the sum of 

the maximum amounts that water users are willing to pay to gain outcomes they view as 

desirable.  Costs are the sums of the maximum amounts that people would be willing to pay to 

avoid outcomes they view as undesirable (Young, 2005).  This review of the irrigation economic 

literature focuses on principles that can be used to measure the additional income that would be 

earned by farmers and ranchers associated with the AWSA water and storage.  Costs associated 

with that development will also have an important impact on the scale and direction of 

development, use, and preservation of Gila River water, but are not directly addressed directly in 

this review. 

 

The economic value of water comes from the many uses to which water can be put in satisfying 

people’s needs. Water can have a very high economic value because it is scarce and because it is 

capable of being applied to many different uses. As a consumer good in ordinary households, 

water is needed first to drink, then for cooking, then for toilets and bathing, then for cleaning 

things like clothes and dishes, next for washing cars and driveways, and finally, in dry regions, 

for landscape irrigation. In the summertime in dry regions, by far the largest use of water in 

households is for outdoor irrigation.   

 

In considering the economic value of water, we start by posing the question of how well the price 

actually paid for water accurately represents the benefit that arises from its use. The price that a 

person pays for water can never exceed and seldom comes up to that which he would be willing 

to pay rather than go without it: so that the economic benefits a person gets from the use of water 

typically exceeds that which he pays for it.   

 

The economic value of water is defined as the amount that a rational user of a publicly or 

privately supplied water resource is willing to pay for it.  Willingness to pay for water reflects 

the water user’s willingness to forego other consumption and is measured by a demand schedule 

relating the quantity of water used at each of a series of different prices. For any potential 



 

Page 83 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Appendix 1: Detailed Literature Review – Economic Value of Water in Irrigation  

quantity that could be supplied, demand is limited. So the economic value of an added unit of 

water supplied decreases as greater quantities are offered to water users. For example, people 

will only use water for irrigating their lawns or for low-valued crops if the price of water is 

suitably cheap. At a high water price, neither of these uses produces a high enough economic 

value to make it affordable. 

 

8.3.2 Dimensions of Water Use 

Quantity supplied is only one dimension of water use. In addition, time utility of water use can 

be improved by building dams and developing groundwater reserves, while location utility can 

be improved by building water transport systems such as aqueducts to move water to places far 

from its natural source. Next, location utility itself is measured in three dimensions (depth, input 

price, and efficiency), since ground water is increasingly expensive to put to beneficial use with 

increasing depth and increased energy prices, but is cheaper with increased pumping efficiency. 

Finally, water may be of varying qualities depending upon the soils through which it moves or 

depending on how people affect the water in supplying or using it. 

 

The point of discussing these four dimensions of water is that balanced public or private water 

policy decisions will consider all four dimensions of the economic value of water. Ignoring any 

of the four dimensions produces policies that may fail to improve human welfare.  

 

8.3.3 Amount of Water Valued 

The most basic distinction among the various economic concepts of value are those relating to 

total, marginal, and average value. The total value from a given supply of water is measured by 

the total willingness to pay for a given level of water used. 

 

The marginal value of water represents the contribution of an incremental unit of water to 

whatever public or private objective is under consideration. We illustrate the concept for both the 

public and private uses of water with an example. Holding back one extra acre-foot of water at a 

small reservoir to prolong the recreational boating season by a month in August may contribute 

ten extra boating days for the month. If boaters could be charged $30 per additional boating day, 
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then that acre foot has a marginal value of $300 as a recreational boating resource. If the same 

added one acre foot saves $200 in costs associated with cotton yields otherwise lost, then the 

water’s marginal value in private irrigation is $200. 

 

The marginal value of water provides important information for policy analysis of water 

development or allocation. For the development case, decisions dealing with increased water 

supply, economic efficiency require that water development be expanded as long as the marginal 

value of the added capacity exceeds its marginal cost. That is, if the marginal value of expanding 

a water system’s capacity is greater than its marginal cost, then it is good economics to expand 

the system. For the allocation decision, the allocation of scarce water among competing uses, 

economic efficiency occurs only when marginal value per unit of water is equal for all uses. That 

is, policies improve economic efficiency when they reallocate water among users if the marginal 

value gained by the gainer exceeds the marginal value lost by the loser. 

 

The average value of water is the total value described above divided by the quantity of water 

supplied. The average value of water is typically of less policy interest for water allocation than 

marginal or total value, but its conceptual simplicity and ease of calculation may engage the 

policy analyst into using it to approximate marginal value. Since average value is typically much 

larger than marginal value, use of estimated average value, when marginal value is the needed 

measure, usually leads to an over-investment in water supply capacity or over-use of water. 

 

8.3.4 Increased Versus Decreased Supplies 

The economic value of a given reduction in the water supply is larger than that of the same 

increase for two reasons (Klocke et al., 2006; Sankarasubramanian et al., 2009). First, reducing 

the supply of water reduces quantity demanded, limits water use to higher-valued uses, and 

results in a higher water price. For example, agricultural water rationing in a drought that reduces 

water use by 20% imposes a much higher damage than the same users would gain from a new 

reservoir that increased current use by 20%.  
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Second, the value of water lost by decreasing water supplies should include a measure of the 

value of the long run investments in facilities that producers would lose. For example taking 

1000 acre feet from irrigated agriculture permanently to supply water for endangered species 

critical habitat may require producers to take 500 acres out of permanent production and lose 

total incomes valued at $300 per acre, for a total of $150,000 in net producer income lost. But 

adding 1000 acre feet, especially if unplanned, may produce zero extra net income since 

producers may not be able to use it. 

 

8.3.5 Physical Interactions in Use 

Physical interdependence among various water uses complicates evaluations of benefits and 

costs of proposed programs that change existing water use patterns (Burness and Brill, 2001; 

Hathaway, 2011; Helmus et al., 2009; Jordan and Barroll, 2013; Mesa-Jurado et al., 2012; 

Shaneyfelt and Schoengold, 2014; Truong and Drynan, 2013; Valerio et al., 2010). Any single 

water use cannot typically be viewed in isolation from potential alternative uses. The typical 

river basin contains several alternative uses for water, any one of which may affect others 

through any or all of the quantity, quality, time, and location dimensions. As a general principle 

of valuation, the benefits from a particular increment of water supply in a given location in a 

river basin is the sum of the values produced in the first location and the value of all altered 

return flows in all subsequent uses, locations, and time periods. 

 

8.3.6 Valuing Water Applied Versus Consumed 

Under most irrigation technologies the crop consumes as ET only a part of the water applied, so 

for economic analysis will show a higher marginal value per unit of water consumed (ET) than 

per unit of water applied (Brinegar and Ward, 2009; Skaggs et al., 2011).   Under drip irrigation 

the two values are very close, since irrigation efficiencies close to 100 percent are common with 

that technology. 

 

Keeping separate track of the economic value of water applications and water depletions is as an 

important exercise (Dagnino and Ward, 2012).  For example, in May 2011, the issue of diversion 

versus depletion was raised in a US Supreme Court ruling.  The court ruled on a case in which 

downstream water users in the state of Montana discovered that increased upstream use of 
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sprinkler irrigation in the state of Wyoming where surface irrigation had previously occurred had 

the effect of reducing flows returning to the Yellowstone River system. 

 

Sprinkler irrigators diverted the same amount from the river, but returned less. The court ruled 

against the Montana view.  The court stated that the wording of the 1950 Yellowstone River 

Compact did not prohibit upstream irrigators in Wyoming from changing irrigation technologies, 

even if it meant returning less water to the river system. So their ruling could alter the way that 

future interstate water sharing arrangements are drafted in the US. The distinction between 

diversions and depletions is important and is likely to receive growing scrutiny as future 

developments, such as the AWSA, are drafted. They will become especially important where 

transboundary agreements do not currently exist. 

 

At the individual farm level, irrigation efficiencies are often low when measured by the 

percentage of water applied that reaches the plant root zone. However, at the basin scale those 

same efficiencies can be quite high, since the unconsumed applied water may be available to 

other users.  

 

Public subsidies that promote greater irrigation efficiency are unlikely to reduce water depletions 

by irrigated agriculture unless special administrative steps are taken to define water rights based 

on the right to deplete a river system’s water. It is not enough to define water rights based on the 

right to divert or apply a set amount of water, for specifying water rights in those ways ignores 

the basin’s hydrologic balance. In the face of subsidies to convert from surface to drip irrigation, 

protecting the river, protecting existing water rights holders, and protecting sustainable access to 

water use for future generations of water users requires a just and consistent enforcement of the 

right to water depletion. 

 

Water conservation subsidies, such as those that subsidize conversion from surface to drip 

irrigation, do not always provide irrigators with economic incentives to reduce water depletions.  

So they are therefore unlikely to reliably make new water available for alternative uses. Drip 

irrigation is important for many reasons, including greater water productivity, higher crop yields, 
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higher farm income, and increased food security. But it cannot be relied on to save water 

depletions when considered from a basin scale. An important measure to guard against increased 

water depletions could be the administration of water rights based on a defined right to crop 

water depletions. The right to an upper bound on ET associated with a water right could be 

posted in a central place available for all irrigation water rights holders and all water 

stakeholders to see (Dagnino and Ward, 2012).  

 

8.3.7 Establishing Common Denominators 

It is important to establish common denominators when valuing water for irrigation (Babel et al., 

2005).  Because of variability in quality required for alternative water uses (e.g., irrigation vs. 

endangered species habitat vs. residential vs. manufacturing), one common denominator for 

specifying quality is raw untreated water flowing in the stream. Both treatment and transport 

costs must be subtracted from the value of the water at its offstream use location in order for 

values in these uses to be comparable to values for other uses. For example, suppose untreated 

water in the stream is worth $35 per acre foot to support a blue ribbon trout fishery or to protect a 

key ecological asset and that transport costs are $10 per acre foot to move the water from that 

stream onto a farmer’s chile field. If the on-site economic value of that water for growing chile is 

$40 per acre foot, the instream equivalent value for that chile is $40 minus $10 = $30. The 

comparable values become $35 for trout habitat and $30 for chile production. 

 

Barriers to measuring common denominators for water’s value continue to fall with the 

introduction of fast personal computers and improving mathematical programming software.  

Both the machines and software have facilitated the development of dynamic mathematical 

models of the hydrology, biology, economics, and institutions which can encompass the quantity, 

time, space, and quality dimensions of the problem simultaneously. Some modern software 

enables analysts to write algebraic functions that express irrigation, hydropower, municipal and 

industrial, recreation, and endangered species demands as mathematical functions over the 

dimensions of quantity, quality, time, and location. With numerical expressions of these 

functions, various institutions that allocate a fixed supply of reservoir water, snowmelt, or 

groundwater supply can be tested to establish water policies that maximize total beneficial use of 

water. 
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Overall, several economic and hydrologic factors affect the value of water. These include which 

sector uses the water, the type of product supplied by the sector, the demand for the water’s final 

product, the on-site productivity of the location where the water is used, the level of 

complementary resources at the site (such as reservoirs and irrigation facilities) and 

transportation, storage, and processing costs for off-stream uses. For example, designer bottled 

water in grocery stores priced at $1 per quart has an economic value of $1.3 million per acre 

foot. At the other extreme, when a river basin’s reservoirs are full and lacking storage space, 

aquifers are full, soil is saturated, and crops are already planted and irrigated, then 40,000 added 

acre feet of June snowmelt has a highly negative economic value. 

 

8.3.7.1 Agriculture Versus Environment 

Rational decisions supporting water resource development, allocation, and use require measuring 

the value of water in alternative uses. When the market system works, markets allocate water and 

its related resources to activities yielding the greatest returns. With additional upstream 

diversions for agriculture and an absence of policies to protect in-stream flows, instream flows 

will be depleted (Brookshire et al., 2010; Leones et al., 1997; Ward, 1987). In fully appropriated 

multiple-use river basins, such as the Gila River, a major potential competitor for a share of 

water may be publicly sponsored appropriations to supplement low streamflow for fish, wildlife, 

protection of key ecological assets, and recreation, which generates economic values not 

revealed in the marketplace.  The complex interactions between plants, soils, and climates in 

semiarid ecosystems such as those found in southwest New Mexico, make it difficult to define 

specific water optimization mechanisms. We see this in the southwest area and where there is 

many who demand use of a limited water supply. It is important to develop these models to 

interpreting and predicting patterns in dry ecosystems, as well as metrics for assessing 

optimization of the land (Caylor et al., 2009; Wendong Zhang, 2014; Woodward and Shaw, 

2008).   
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8.3.7.2 Agriculture Versus Urban Use 

With rapid population growth, water supplies are further strained and over allocated.  Urban 

water use typically has top priority over agriculture, industry, and the environment.  Increased 

population growth can reduce steam flows along with water that could be allocated for 

agricultural use (Baerenklau et al., 2014). A good example is the case in 2004, in which the New 

Mexico State Engineer approved a permit allowing the City of Albuquerque to divert from the 

Rio Grande the approximately 48,200 acre-feet per year of water it receives from the San Juan-

Chama Project, a trans-basin diversion project that imports water from the Colorado River basin 

to the Rio Grande basin. Over the last 30 years, the City had consumed little of its San Juan-

Chama water but rather had planned provided it to various third parties for their use. However, at 

the end of 2008, the City decided to commence surface diversion of its San Juan-Chama water 

and anticipated fully consuming its annual allocation by 2010. Critics of the State Engineer's 

decision to issue the City a permit for the diversion contended that full consumption by the City 

of its San Juan-Chama water eventually would risk challenging the State of New Mexico’s 

capacity to satisfy its delivery requirements to Texas under the Rio Grande Compact (Flanigan 

and Haas, 2008). 

 

8.4 Approaches Used 

Where a service, such as water supply, is exchanged in a functioning market, its market price is a 

good measure of its marginal value. For the case of water, we address two kinds of market 

transactions, free market prices and administered prices, in addition to one type of non-market 

transaction, the change in net income. 

 

8.4.1 Market Prices of Water 

Market prices for water offer an opportunity to observe water’s economic value directly.  

Nevertheless, where market transactions are recorded, analysts should use this price with care to 

avoid misinterpretation. There are several types of market transactions in water.  One example is 

the short run water rental market, such as the one that was set up for coping with the 1990 

California Drought (California Department of Water Resources, 1992; Ward and King, 1998).  

The water right owner maintains the title to the annual water use but sells, rents, or leases his 
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unused water for some specified period of time. For example, a farmer may rent, for one 

irrigation season, 500 acre feet of water to another farmer, or deposit the water in a state or 

privately run emergency drought bank or rent it to an environmental group for endangered 

species critical habitat. 

 

Permanent water rights transactions occur in many dry places. These transactions must be 

interpreted carefully since land to which the right pertains is often involved in the transaction, so 

the market value of the water right includes water, land, and facilities. The observed transaction 

price of unrestricted transfers between similar water right users is the correct measure of the long 

term private value of the water used for that purpose.   

 

Ongoing interest in water market transactions among policymakers and water users has created 

growing needs to understand market price behavior and their connection to water rights defined. 

Research from the early 1990s analyzed characteristics of markets, water rights, and water 

transactions.  Its aim was to identify attributes which affect market values and prices of water for 

regional markets.  Water and water right transaction characteristics are shown to be significantly 

related to market prices. Prices that were unexplained by attributes of water as a commodity 

related to characteristics of the regional market, including the number and size distribution of 

potential traders, costs of securing market information, and the characteristics  of water 

commodities traded (Colby et al., 1993). 

 

A more recent study examined the Rio Grande from Elephant Butte, New Mexico, to Fort 

Quitman, Texas. This situation with the Rio Grande between Texas and New Mexico is similar 

to the Gila River situation between New Medico and Arizona. A market-based water supply 

problem was analyzed as an optimization problem maximizing net economic benefit from water 

use.  The income from water in municipal use, based on the concept of consumer surplus, is 

utilized in the objective function along with benefit from agricultural uses, supply costs, and 

damage costs due to poor quality water.  Consumer surplus is the savings accruing to water users 

by access to water at the given price compared to the maximum price they would pay.  The 

analysis is performed under three institutional constraints, which include flow regulation at the 
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reservoir, restrictions on trade between states, and allowing trade between the states. Among 

these policy proposals considered, allowing trade between the states produced the most 

economically efficient terms of both net benefit and reducing damage due to poor quality water 

(Ejeta et al., 2004). 

 

8.4.2 Administered Price 

Water supplies are often sold under what amounts to an administered price. A good example is 

an irrigator who pays a fixed price per unit of use to an irrigation district.   If the water buyer is 

free to adjust his use to meet his needs at the specified price, then statistical analysis of data 

pertaining to the relationship between water consumption and price can be to measure the 

economic value of water to the final user. However for this method to perform as intended, 

historical administered prices must vary and water buyers must have been permitted to freely 

adjust their demand to price changes. If the water user faced an upper bound restriction on water 

use (such as a 3 acre foot per acre upper limit in irrigation or summer lawn watering restrictions 

to homeowners) or if water use is not permitted to increase with falling prices, then this method 

does not work. Furthermore, this value has to be adjusted for costs of water transportation, 

storage, and water treatment to make it comparable to instream values of raw water (Ward and 

Michelsen, 2002; Ward and Pulido-Velazquez, 2009).  

 

In many parts of the American west that benefited from federal irrigation developments in the 

20th century, prices are usually charged to individual users of water for irrigation for water 

supplied under federal reclamation projects. These prices are typically set by Congress to be 

much less than the incremental costs of supply. Still, these prices are accurate estimates of short 

run marginal value if a user may purchase all quantities desired at that price. 

  

The more common situation regarding water use at the low price is that the water right sets an 

upper limit of water use and this limitation constrains the irrigator to use less than he wishes to 

purchase and apply to crops. Pecan growers in southern New Mexico and West Texas are an 

excellent example of this situation. Pecans are a high-return but thirsty crop. A pecan irrigator 

may be able to find surface water at $16 per acre foot from an irrigation district for each of the 
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first 3 acre feet purchased; but at that price, may wish to apply 6 acre feet of surface water per 

acre per year to the trees. If only 3 acre feet of surface water are available, then the $16 per acre 

foot price of surface water is much less than its marginal economic value. 

 

8.4.3 Change in Net Income 

Where water is an intermediate good, such as in crop irrigation, the demand is derived from its 

use in producing a final product. In this case, the water user is willing to pay for the water up to 

an amount equal to the change in net income produced by the water. This change in net producer 

income also measures the gain in additional consumer satisfaction from the final product minus 

the added costs of delivering that satisfaction (Dillon, 1993; Singh and Panda, 2012; Ward and 

Michelsen, 2002).  Change in net income is the method that is used to value additional AWSA 

water and water storage. 

 

8.4.4 Measuring Agricultural Productivity 

Economic benefits from increases or decreases in water allocated to irrigation are measured as 

the change in value of agricultural products less changes in associated production costs. Despite 

this simple concept, establishing values for irrigation water presents several practical problems. 

As is the case with water generally, market prices for irrigation water are rarely available so 

estimates of value must often be based upon indirect approaches (Scheirling et al., 2014) .  

 

Methods of valuing irrigation water typically rest on observing the response of crop yield to 

various water applications, i.e., to the change in yield due to a change in water applied.  

However, several barriers make it difficult to obtain accurate measurements of this relationship. 

First, crop production under irrigation is applied in uncontrolled and unpredictable environments. 

Output, even under experimental conditions, may vary significantly with soil type, fertility, 

temperature, and rainfall. Furthermore, irrigation decisions are made by a large number of 

individual farmers, each representing a small percentage of the total irrigation water used; and 

these farmers vary widely in management abilities, experience, scale of farming operation, 

willingness to bear risk, and financial constraints. 
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Crop yield response to water application depends strongly on the rate at which water is used with 

other inputs in each of many time periods. Quantities of soil nutrients, seeding rates, climate, and 

daily weather fluctuations are especially important. If water is the limiting resource, additional 

water applied increases yields by much more than if other resources are limiting. Each crop in a 

producing area has a unique physical productivity with respect to irrigation water.  Further, for 

any crop, there are a number of varieties available and each may respond differently to the water 

applied and to the water’s quality. 

 

In addition, technological change has important effects on the value of water. As crops are 

improved over time, increased yields produced by the water increase the water’s economic value. 

If crop varieties are developed that permit fresh produce to be supplied and marketed in a place 

where only cattle feed was historically grown, the value of water in agriculture can increase 

considerably. Likewise, successful development of drought or salt-resistant crops can increase 

the economic value of water in places that have saline water (e.g., river bottom areas of river 

basins) or are prone to recurrent drought. Crop response to water is greatly limited by water 

salinity levels. The development and installation of effective drainage systems, while often 

expensive, can still increase the economic value of water in agriculture considerably. 

 

Last, we examine the production response to irrigation water. A production function relates 

water input to crop output. Application of this method requires recognizing that irrigation water 

productivity varies widely over the year depending on soil moisture and the plant’s growth stage. 

 

When soil moisture in the plant’s root zone is already at maximum level, plant response can be 

zero or negative. The productivity of added water applied to the plant increases with the time 

interval at which the last moisture occurred. As soil moisture is reduced and the productivity of 

added water depleted, a point may be reached at which the crop would be completely lost if a 

farmer was unable to irrigate for lack of water.   Water applied at this critical time is extremely 

valuable economically. 
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The value is the net income loss avoided by the application of irrigation water. The point of all 

this is that the crop yield irrigation water relationship is highly region-specific and depends on 

the timing of the water applications over the irrigation season, on existing rainfall patterns, and 

on other local conditions. 

 

8.4.5 Crop Water Relations 

Estimating the change in net income produced by water applied to crops requires estimating the 

impact of added water on physical crop production, and requires good agronomic data. The most 

reliable data are derived from direct observation of the response of crop yields to water applied 

and are based on controlled experiments. Experiments such as these are expensive, difficult to 

generalize to soils and climates different from the experimental area, and for those reasons, 

scarce. Moreover many doubt the direct transferability of experimental results to on farm field 

conditions. 

 

For these reasons, other procedures have been used. These include field surveys that characterize 

the experience of farmers or surveys of specialists such as crop researchers or extension agents. 

While these people are typically well prepared to say which crop outputs have been associated 

with what water inputs historically, they are typically unwilling or unable to generalize beyond 

historical experience. So data needed to fit a production relationship characterizing the crop yield 

response of timed water applications and timed applications of other inputs typically do not exist.  

 

Several indirect approaches are used. The Blaney-Criddle technique and its updates, such as 

(Doorenbos and Pruitt, 1975; Doorenbos and Pruitt, 1977) and several others described by 

(McKenney and Rosenberg, 1991) presume that each crop has a unique evapotranspiration (ET) 

requirement. This requirement is associated with the water application that achieves maximum 

yield, and this yield for many crops is a linear function of ET. This ET depends upon climate and 

the crop itself.  A formula is used which can be adjusted to provide for any crop the water 

requirements for any given climate specified.  
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These methods typically do not permit water to be combined with other resources in variable 

proportions. Still they provide a single point on a production function which relates a single 

quantity of water used with a single level of crop output. One interesting approach for simulating 

crop-water production functions is to begin with maximum crop yield for a full water supply and 

estimate impacts of crop deficit irrigation by considering reduced ET combined with an assumed 

physical process model of yield deficit associated with various levels of deficit irrigation. 

 

The advantages of this method are that it provides an affordable alternative to costly experiments 

and it can be applied to a wide range of crops that have similar underlying soil-water-yield 

physical properties. A disadvantage is that it may poorly predict actual yields in extreme 

conditions. The point of this section is to show the importance of having good crop-water 

response data for measuring the economic value of water in agriculture, and to illustrate the 

difficulties in finding those data. 

 

8.4.6 Policy Analysis 

Economic values are assigned to proposed changes in policies in institutions compared to the 

status quo. We assume any of these can be expressed as equivalent changes in the supply and/or 

price of water available to irrigated agriculture. Three contemporary policy examples relevant to 

the western United States include setting aside critical habitat for an endangered species, 

subsidies of agricultural water-conserving measures, or a stream adjudication that clears titles to 

water rights. Each of these actions would reduce the supply of water and/or increase the price to 

farmers. Results without the policy are expressed as a high water supply, and those with the 

policy are from low supply. 

 

8.4.6.1 Total Value  

Where the farm operator allocates water to maximize total farm net income, including all water 

costs, economic values can be assessed by comparing net income without and with the changes 

in water supplied.  Total value of water for crop irrigation is total net income for the irrigating 

part of the farm, excluding the charge for water.   
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8.4.6.2 Average Value 

Average value per acre foot is total net farm income excluding the cost of water divided by total 

water use.   Average values of existing agricultural water used per unit of use are attractive for 

facilitating common denominator comparisons. Nevertheless, they can be misleading for policy 

analysis because average values look backwards, valuing only current use.  The use of average 

value cannot easily establish a value for plans that would augment that current use, such as the 

AWSA project. Because average values are based only on historical use patterns, they tend to 

inflate the impacts of changing current use. For policies that would change current use patterns, 

marginal values provide more useful information. 

 

 

8.4.6.3 Marginal Value 

The marginal value of water is the added amount that would be produced if one extra acre foot 

per year were supplied. Information on the marginal value of water in agriculture can be used to 

evaluate changes in policies that would alter current farm water supplies or water use patterns. 

These values enable policy analysts to look forward and examine impacts of future policy 

proposals.  Marginal values per unit of volume can be compared across water policy proposals, 

for example comparing the value of water in agriculture versus cities versus endangered species 

critical habitat. 

 

8.4.7 Value of Water Lost from Agriculture: Drought  

In times of water scarcity, the irrigation sector is typically the first to suffer water supply cuts.  

Crop Irrigation is the major water consumer in most of the regions that are prone to water 

shortages, especially in the world’s arid regions, but increasingly true in wetter climates (Dai and 

Li, 2013; Hadjigeorgalis, 2008; Iglesias et al., 2003; The Grant County Beat, 2013).  The three 

part role of irrigation farmers as receivers, originators, and prolongers of drought motivates the 

need to gain more insight into irrigators’ costs and benefits associated with drought. Decisions 

on how much of the shortage is assigned to farmers turn in part on the price elasticity of demand 

for water.      
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Drought vulnerability for irrigated agriculture has increased in recent years partly because of 

poor co-ordination among differing water suppliers. In setting farmers’ allotments and shares of 

shortages due to drought, it is essential to bring into the shortage allocation rule evaluations of 

benefits and costs of alternative methods of sharing the shortages.   Measuring the costs to 

irrigators of water shortages turn on adaptation possibilities, unavoidable costs, level of 

flexibility of on-farm resource allocation, and farmers’ expectations about future water supplies 

based on experience with previous drought episodes.  In any case, the farmer’s willingness to 

pay to avoid water losses due to drought is the correct measure of the cost to irrigation of a 

drought. 

 

8.4.8 Value of Water Saved by Adapting to Drought 

The cost to farmers of adapting to drought is measured by the willingness to pay to avoid 

reducing that water use brought on by the drought.  Still, there is a range of technological and 

management measures available for farmers to put to use in adapting to drought and climate 

variability (Thomas, 2008).  Some of these may also produce a side benefit by limiting or even 

reducing greenhouse gas emissions. Ongoing research activity could productively focus on how 

the application of these technologies and management choices can improve the adaptive 

capacities of farmers, increasing their ability to cope with climate change and reducing their 

vulnerability to the burdens of drought.   

 

In addition to these, other important factors include the stability and effectiveness of cultural, 

economic, social and governance institutions that can facilitate, constrain, or improve how 

irrigators can best respond to drought or climate, reducing the cost of water that must be saved.    

 

In addition to changes in crop management mentioned above, these adaptation strategies include 

diversification of production systems, trade, and reduced dependence on irrigated agriculture 

through greater off-farm income producing activities. Generally, farmers with lower income or 

higher debt face a more limited range of options for their livelihoods than those in better 

financial condition. Efforts to increase farmers’ drought adaptation capacity should be assigned 

high priority as well as efforts to bring modern science and technology to produce a wider range 
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of choices as well as choices that reduce economic losses suffered by adjustments to water 

shortages (Hadjigeorgalis, 2008; Jin et al., 2012; Lichtenberg et al., 2014; Sankarasubramanian 

et al., 2009; Schneekloth et al., 1991).    

 

8.5 Data Sources for Valuing Water 

8.5.1 Crop Enterprise Budgets 

Enterprise budgeting constitutes one of the most fundamental planning tools to support analysis 

of the economic value of water in irrigated agriculture. They can help individual producers 

determine the most profitable crops to grow, develop marketing strategies, obtain financing 

necessary to implement production plans, and make other farm decisions An enterprise budget is 

an accounting of all estimated revenue  and expenses associated with a specific enterprise to 

provide an estimate of its profitability. Budgets are developed on the basis of a common 

denominator unit such as one acre of corn, wheat, hay, and the like, or one head of livestock. 

This permits comparison of the profit for alternative and competing enterprises. 

 

The budgets are important decision making tools.  They can help individual producers determine 

the most profitable crops to grow, develop marketing strategies, obtain financing necessary to 

implement production plans, and support other farm decisions. For the work with the AWSA 

study, enterprise budgets were used to determine the value of crop currently being grown and 

possible crops that could be grow with additional water supply or a more reliable water source.  

The New Mexico State University College of Agricultural, Consumer, and Environmental 

Sciences (ACES) publishes enterprise budgets for most counties in the state, for most of the 

important crops in each county.  The budgets are updated periodically (New Mexico State 

University Cooperative Extension, 2013a; New Mexico State University Cooperative Extension, 

2013b; New Mexico State University Cooperative Extension, 2013c).    

 

 

An enterprise budget is a listing of all estimated income and expenses associated with a specific 

cropping or livestock enterprise to provide an estimate of its profitability. A budget can be 

developed for each existing or potential enterprise in a farm or ranch plan. Several budgets could 
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be developed for a single enterprise to represent alternative combinations of inputs and outputs. 

Each budget is developed on the basis of a small common unit such as one acre of corn, wheat, 

hay, etc. or one head of livestock. This permits comparison of the net income for alternative and 

competing enterprises.  Considerable care is taken when preparing enterprise budgets. The 

assumptions require much information, interpretation, and analysis.  The budgets are typically 

updated periodically to account for changing economic and technical conditions.  Producer 

panels, described below, are a common method to secure the updates.  

 

8.5.2 Producer Panels 

Panels have been used in consumer research for a number of years. The use of panels of farmers 

and ranchers for studying on-farm changes over time is a method in widespread use for 

investigators to gain insight on impacts of proposed policies, such as the AWSA project, on 

irrigated agriculture in a river basin.   

 

A producer panel is a group of producers surveyed to secure information on production practices, 

technology, costs, revenues, and net income in irrigated agriculture.  The panels, a group of 

representative producers in the project area, are typically assembled in a group to discuss and 

improve the accuracy of existing published budgets.  They are asked to reach consensus on net 

incomes that can be earned under existing conditions and under alternative proposed future 

conditions, such as additional AWSA water with and without additional storage. 

 

8.5.3 National Agricultural Census 

The United States Census of Agriculture is the leading source of data on American agriculture. 

Conducted every five years, the Census provides a detailed picture of U.S. farms and ranches and 

the people who operate them. It is the only source of uniform, comprehensive agricultural data 

for every state and county in the United States. Participation by every farmer and rancher, 

regardless of the size or type of operation, is important. The 2007 and 2012 Census of 

Agriculture collected information concerning all areas of farming and ranching operations, 

including production expenses, market value of products, and operator characteristics. Census 

data can be used to inform numerous actual and proposed decisions that directly impact farmers 
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and ranchers, including those who would have access to AWSA project water and project storage 

(USDA Census of Agriculture, 2009). 

 

8.5.4 State Agricultural Statistics 

The USDA's National Agricultural Statistics Service (NASS) conducts surveys every year and 

prepares reports covering every aspect of U.S. agriculture. Production and supplies of food and 

fiber, prices paid (input costs) and prices received by farmers, farm labor and wages, farm 

finances, chemical use, and demographics of U.S. producers are a few examples  (New Mexico 

Department of Agriculture, 2013; US Department of Agriculture and New Mexico Department 

of Agriculture, 2014). USDA's NASS New Mexico Field Office is operated in cooperation with 

the New Mexico Department of Agriculture.  

 

8.6 Conclusions 

Economically rational decisions supporting water resource development, allocation, and use 

require measuring the economic value of water in alternative uses. Developing a concept of 

value that is useful for policy analysis requires a clear statement of what the policy decision aims 

to achieve.  

 

The economic value of water measures the contribution of that water to accomplishing that 

decision’s aim. When the market system works efficiently, the price of water signals an accurate 

measure of its economic value. There is no single economic value of water. People will pay 

thousands of dollars for a quart of water if it keeps them alive. When flood conditions threaten 

lives and property, people will pay thousands of dollars to fight floods that keep water away.  

 

The economic value of water comes from the many uses to which water can be put in satisfying 

people’s needs. The benefits from a particular increment of water supply in a given location in a 

river basin is the sum of the values produced in the first location and the value of all altered 

return flows in all subsequent uses, locations, and time periods. Several economic and hydrologic 

factors affect the value of water. These include which sector uses the water, the type of product 

supplied by the sector, the demand for the water’s final product, the site productivity of the 
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location where the water is used, the level of complementary resources at the site and 

transportation, storage, and processing costs for off-stream uses. 

 

Translation of the physical effects of a proposed water program into economic benefits and costs 

involves estimating values of the increases and decreases in goods and services under future 

conditions with and without the program. The economic benefit of additional water used in 

irrigation is measured as the change in value of agricultural products less changes in associated 

production costs. 

 

For purposes of economic policy analysis, benefits and costs should be measured from the same 

view, period of time, and program aims. Information on water’s economic value enables decision 

makers to make more informed choices on water development, allocation, and use, in which 

growing demands for all uses are made in the face of increased scarcity. 
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9 Appendix 2:  Producer Panels 

 

9.1 Deming, New Mexico:  April 4, 2014 

 
Planning Meeting with Deming area growers, organized by NMSU County Extension Agent, 
Jack Blandford.  Seven in attendance.  
 
 
1. Mission:  Planning to assess economic impacts to Luna County irrigated agriculture in 

connection with AWSA water if imported to the Mimbres Basin.  NMSU crop enterprise 
budgets for Luna County currently have only surface irrigation.  NMSU currently has limited 
information on the economics of drip irrigation or micro sprinker, based on conversions that 
have taken place since the early 2000s.      

 
2. NMSU needs to estimate input costs.  These can be either (quantity/acre) by input e.g., feed 

seed, fuel, equipment and labor.  They could also be measured in (costs/acre).  NMSU needs 
to estimate these costs for all the important irrigated crops in the Mimbres Basin.   

 
3. Important crops were stated as follows as the main ones that cover the county’s irrigation.    

 
a. Wheat 
b. Sorghum 
c. Alfalfa 
d. Green Chile 
e. Cotton 
f. Fall onions 
g. Mid season onions 
h. Late season onions 
i. Pecans 

   
4. What are acreages in Luna County of the each of the major crops by irrigation technology, 

for 2012?  Most of the crops except pecans are irrigated by drip.  Pecans are irrigated in 
about equal percentages by flood, drip, and micro sprinkler. 

 
5. What are the main irrigation technologies used in this basin?     

 
a. surface flood 
b. drip 
c. micro sprinkler 

 

Selected Questions NMSU posed to growers, with answers:  
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Q:  What is the current adjudicated pumping limit per acre set by NMOSE?   
 
A:  NMOSE allows 3 acre feet per acre irrigation maximum pumping in the Mimbres Basin.  
However this is not metered, so it is hard to enforce. 
 
Q:  What are approximate average county wide pumping costs per acre foot of water?    
  
A:  Typical costs are about $5.50 per hour for a 60 HP motor.  That pumping capacity is 500 
gallons/minute.  Total time is 11 hours per acre foot pumped.  So, costs per acre foot are about 
$65.  This is for energy costs, the largest part of pumping costs. 
 
Q:  What is the average pumping depth during irrigation season:   
 
A:  About 150 feet for static equilibrium level (2014).  Add about 100 feet depth for effect of 
drawdown during the season, since pumping occurs from the bottom of the cone of depression.  
250 feet depth total is typical.  Bottom of the cone of depression (dynamic pumping depth) stays 
nearly constant during the season.   
 
Q: What are the main crop production cost categories?   
 
A:  Important categories for this basin include: fertilizers, herbicides, pesticides, compost, and 
fuel.  Include compost as a cost as it’s becoming more prevalent. 
 
Q:  Is it better to ask growers for information on input quantities or input costs? 
 
A:   Producers can estimate total cost of inputs better than input quantities.  Ask them for costs 
for a representative farm.  They’ll likely provide better cooperation than for cost information on 
their own individual farm. 
 
Q:  What is the annual recharge flow that goes into the Mimbres aquifer that affects the static 
water table depth from year to year?  Change in static depth for a year = recharge (inflow) minus 
pumping.   
 
A:  Do not use rainfall in the Deming area as a predictor of aquifer recharge.  Growers believe 
that basin’s recharge comes mostly from flows of the Mimbres or factors that affect those flows, 
such as mountain snowpack or rain in the Gila Basin upper watersheds.   However, some 
growers noticed that their pumping depth or water quality changed after a major rainstorm. 
 
Q:  What are the most important pumping cost categories? 
 
A:  They suggested amortizing pump and well costs over life of pump (e.g., 10 years) 
  

pump operation, maintenance, and repair  
well operation, maintenance, and repair 
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Pumps used for drip irrigation need repair and replacement more often because of higher 
pressure required to push water through the lines. Pumping load for drip well is the well lift plus 
added water pressure needed for drip system. Surface irrigation only requires well lift, but no 
pressure.  This can be found from Jerry Hawkes NMSU ACES (College of Agriculture, 
Consumer, and Environmental Sciences).  Should add cost of added pressure for a booster pump 
or up scaled well pump needed for added pressure for drip lines.   
 
Q: How many whole farm (crop enterprise) budgets do we need to cover the most important 
crops grown in the Mimbres Basin?   
 
A:  Between 2 and 4.  Examples include:   

1. Pecans only 
2. Alfalfa – chile – onions 
3. Chile – sorghum – wheat – alfalfa – onions 
4. Cotton – chile – forage hay (sudan) 

 

Q:  what are the most important cash crops in the Mimbres Basin?   
 
A:  Chile and onions, but both those crops need to rotate with other crops to control soil borne 
disease.   
 
Q:  What method of allocating 5000 AF AWSA water would add the most to total county’s farm 
income? 
 
A:  Several answers:  The two most common were “send the water to whoever is willing to pay 
the most, or recharge the aquifer with the water.”   Conveyance around the Basin would be very 
expensive and likely not affordable.  Aquifer recharge is cheaper, and arguably is more fair to 
current growers and future generations. 
 
Q:  Would new water bring in new crops or new land? 
 
A:  No to both if water is used for aquifer recharge.  Local growers have already found which 
crops make the best income.   The best land is being farmed already.  No new land in production 
likely if aquifer is recharged with AWSA water. 
 
Q:  Would new surface water be spread around exiting farmland? 
 
A:  Likely not, since it would require too much storage and distribution infrastructure.  A better 
way is for the City of Deming use the added surface water in their system, reducing their 
pumping in the aquifer, and allow farmers to pump 5K  A-F more water. 
 
Q:  Of the 10%-15% land still cultivated by flood irrigation, what is its distribution among crops.   
 
A:  About half of the flooded acreage goes to pecans and the remainder is in proportion to 
existing flood acreage in remaining crops. 
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Q:  What is the acreage in Luna County by crop and technology?   
 
A:  The best-informed answer will come from Jack Blandford, which in turn, may come from 
USDA FSA data.  Jack will send this to us by later communication, after consulting with USDA 
NRCS in Deming.  He later did send this communication.  
 
Q:  How do we best account for well replacement cost: 
 
A: Equipment replacement, and well maintenance — Well repair can cost $25K per well when it 
goes out and growers must pull and replace pump, piping, etc.  
  
Q:  What are the main cost differences of drip compared to surface irrigation? 
 
A:  Tractor hours are about 25% less with drip than with surface irrigation. Drip production can 
also use smaller tractor with less horsepower and weight. EQIP will cost share up to $100K or 
50% whichever is less. That is enough for about 60 acres.  Water filters are a big overhead cost 
that can be spread over more acres.   
 
 
END OF MEETING 
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9.2 Lordsburg, New Mexico: June 12, 2014 

 

AWSA Planning Meeting with Lordsburg Area Growers to assess economic impacts in the 
Virden area, NM, of 2500 acre feet per year of new water from the AWSA. 
 
Meeting was organized by NMSU County Extension Agent, John Allen. Six in attendance. 

 
 
Q:  Please provide a brief history of crop production and water use in Virden Valley, NM 
 
Growers face several institutional constraints on how the 2500 AF AWSA water for the Virden, 
NM area could be used by irrigated agriculture.  Under Globe Equity, there can be no new 
double cropping that didn’t exist prior to 1935.  This has caused idling of some acreage in the 
Virden Valley.     
 
There’s a large and adequate right to use Gila River water if the river flows.  There’s plenty of 
water in full supply years, but little in drought years.  Globe Equity #1 allocated 6 af / acre in the 
Valley.   
 
NMOSE added a 3 af / acre groundwater pumping right in case surface flows restricted to less 
than 6 af/acre diversion. This is a junior water right, recognized by NM, but not the Federal 
Judge.  Moreover, Virden Valley water storage is at the Coolidge/San Carlo reservoir 
downstream in Arizona.  So it’s not effectively accessible in NM.  Upstream storage is needed in 
the New Mexico part of the Gila drainage, to access and more fully use existing water rights. 
Upstream storage could be combined with considerable economic productively with the new 
AWSA water of 2500 acre feet. 
 
Recent History:   
 
2013:  1.5 feet depth surface water for the Virden Valley acres irrigated.  3 a-f / acre pumping 
was allowed, for a total of 4.5 a-f/acre.   
 
2012:  1.6 feet depth surface water. 
 
2011:  2.7 feet depth surface water. 
 
Each grower owns his own well.  Each has the right to pump up to 3 a-f/acre, but can be 
increased to 4.5. Well depths range from 30 -100 feet. 
 
Pumping Limitation / regulations: Various “red lines” have been drawn.  Red lines define a 
region in which tribes say pumping affects river flows.  So a farmer cannot pump from wells 
inside the line.   
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Q:  If water reliability is a current problem, and growers could address that reliability with 
AWSA water, how would their behavior be altered from its current patterns?      
 
A:  Grower discussion centered on impacts of existing water with and without storage, as well as 
additions by AWSA with and without storage:  If AWSA water has no storage to go with it, and 
Gila River flows dry up in mid-season, added AWSA flows are of only modest economic 
benefit.  Both current Gila River surface flows new AWSA flows with added upstream storage 
become much more valued because of better timing available with the new storage.   
 
More AWSA water without more storage will likely expand the scale of farming in proportion to 
the added water if timing is unchanged. But it would not likely alter the crop mix to higher 
valued crops.  This is because potentially high-valued crops not currently grown still would not 
suffer shortages from badly timed water even if the quantity of flows is higher due to AWSA.   
 
Historically, flooding is a recurrent problem, with up to half the current acreage in production 
suffering flood risks.  For agriculture, it’s best to have storage on the Gila mainstem or its 
tributaries to control flooding. Environmental groups would likely oppose this. 
 
Q:  How would a continued drought make a difference in what growers do with and without 
AWSA water and storage.  
 
A:  Continued drought makes surface water unreliable, so more AWSA water would increase the 
scale of production.  More storage on top of more AWSA water will reduce the variability of 
flows and will likely increase the percentage of high valued crops in the suite of crops cultivated.   
 
Q:   How would 2500 AF/year added AWSA water make a difference in:    
 
a. Crops grown 
b. Yields 
c. Source of water (groundwater v surface water use)  
d. Timing of application (within season) 
 
This multi-part question was answered with much discussion and commentary.       
 
Crops and yields:   Part of the 2500 acre feet would be pumped, affecting the flow of the river.  
This would satisfy water users in Arizona who claim that existing pumping is reducing the flow 
of the river, because the pumping would only take out the new additional surface flows made 
available by AWSA. 
   
Average depth of wells:  They are mostly shallow, ranging from 30 - 200 feet.   
 
Impact on crops grown:   There would be more crops grown that require well-timed water, such 
as pecans.  Now there are 40-60 acres pecans in the Valley.  We would see more acreage in 
pecans.  Fewer pecans are grown now from fear that the usable water right will disappear and 
orchards left standing and dry if rulings go against them.  Labor is a big constraint to growing 
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some of the higher valued crops.   Chile and onions have disappeared from past production 
because of labor.  Potatoes were lost to disease.   
Current (2013) acreage by crop in the Virden Valley?   
 
A:  2200 acres irrigated, split out below 
 
About 150 acres in truck farmed vegetables: chile, watermelon, squash, pumpkins, tomatoes.   
The small scale of its output requires selling through local fresh produce outlets like on-farm 
stands, farmers' markets, community-supported agriculture subscriptions, restaurants, and 
independent produce stores.  A current summary table for 2013 is: 
 
Cotton  700 
Corn  400 
Milo  100 
Alfalfa  350 
Sudan Grass 100 
Pecans    60 
Vegetables 150 
Irr Pasture 300 
Grapes    40 
  
Total   2200 
  
Q:  How would current acreage pattern be changed with AWSA water but without new AWSA 
storage? 
 
A:  Some idled land would be brought back into production, but the cropping pattern (percentage 
distribution of acreage by crop) would not likely change.   You wouldn’t see as much land idled 
caused by water shortage.   Existing scale would be expanded by the proportion of new water. 
  
Q:  How is irrigated pasture valued economically in the Virden area?  Producers typically charge 
$0.50 per head per day to graze irrigated pasture.  If pasture yields are low, there will be fewer 
days on which livestock can graze.  Grass is grazed faster and livestock rotated faster.  Valuing 
irrigated pasture on an AUM basis can be calculated:  $0.50 per head per day at 30 days per 
month is $15.00 per AUM.    
 
Q:  How would the current acreage pattern be changed with AWSA water and with new storage 
for at least one season’s storage?  This amount was later determined by the ISC office at 60,000 
acre feet.  
 
A:  Growers would bring back into production 50 to 100 acres, the rest would be pumped up to 
the mesa for use. 
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A:  There were originally 2500 tillable acres in the valley.   AWSA water and storage would 
produce an altered crop mix, including more pecans.  Could have 400 acres of pecans with 
AWSA water and storage. 
 
Higher yielding alfalfa. 
 
More alfalfa-displacing cotton. 
 
300 acres of irrigated pasture would be moved into something else. 
 
Irrigated pasture would be displaced by pecans or alfalfa because of better timed water. 
 
 
A:  Effect of AWSA water with storage, continued:    
  

1. Big effect on groundwater/surface water substitution.  With reliable water that could be 
stored on demand, there would be much less pumping. During current surface water 
drought, Valley growers are very dependent on groundwater pumping, even though 
pumping has an energy cost.   
 

2. Water application timing would be affected in a big way.   Without surface water storage, 
growers use it or lose it.  So water is applied to crops at the wrong time for optimal crop 
growth.  Too much or too little surface water is a classic problem.  Growers try to 
compensate for surface water shortages with increased pumping where possible.  With 
adequate amounts of controlled storage by AWSA, water applications could be timed 
more efficiently for optimal plant growth, increasing yields on existing crops.  It would 
also permit the suite of crops to be shifted to higher valued crops for which yields are 
sensitive to shortages at the wrong time, but for which net revenues per acre can be much 
higher with well-timed water.    

 
Q: How is irrigated pasture valued currently? 
 
A:  Range falls in $0.50 - $1.00 per head per day, or $15 - $30 per AUM. 
 
Q: What would be impact of AWSA stored water? 
 
A: Impact would be significant, favorably affecting yields.  Growers would pump less 
groundwater since surface water could be more likely called on demand by reservoir releases.   
 
Also there would be a shift in the mix of crops to more alfalfa, and more pecans. Add 50 100 
more acres in the valley production, rest would have to be above the valley. 
 
Q:  How does the water right system work? 
 
A:  The Virden Valley has 2 classes of surface water: 
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1.  Priority water (1880 – 1927 dates).   

 
2. Apportioned water, apportions out water to all users in the basin.  Apportioned water only 

occurs with high flow periods when all priority water priorities are already satisfied.  So 
the system is a mixture of priority administration and proportional sharing of shortages.   

 
END OF MEETING 
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9.3 Silver City, New Mexico: June 25, 2014 

 

AWSA Planning Meeting with Cliff-Gila Area Growers, organized by NMSU Grant County 
Extension Agents Sam Lowry and Judy O’Loughlin.  Seven in attendance. 
 
Agenda:  Identify economic impacts to irrigated agriculture from 2000 AF/year additional 
surface flows if provided by additional AWSA water.   
 
Q:  NMSU began by asking for current cropping patterns and acreage in the area irrigated by 
Gila River surface flows.            
 
A:  Approximately 2000 irrigated acres currently use Gila River flows. Of the 2000 acres 85%-
90% is irrigated pasture (about 1700 acres). The rest is alfalfa (240 acres) and Sudan Grass (20 
acres) that is cut and bailed.  Growers stated that the remaining acreage was a mixture of watered 
home gardens, apple trees, and horse pastures.  
 
A:  Water from a tributary to the Gila River, Dove Creek, is used to irrigate through direct 
pumping from the creek.  It has a total of about 80 irrigated acres (20 alfalfa, 60 irrigated 
pasture). 
 
Q. What are your current prices paid for irrigation water?   
 
A: The only cost of cost of irrigation is for ditch maintenance. ($10 to $20/acre/year depending 
on which ditch you use). 
 
Q. With additional water received from AWSA without storage, what would be the affect in your 
area?    
 
A: Without additional storage to hold the 2000 added a-f/year, there is little additional impact on 
the area.  Growers stated that area water rights administered by the NMOSE allows them to 
pump as much water as they need when there is water in the river or in the shallow aquifer fed by 
the river. Without timed release that would be supplied by additional storage, the biggest 
irrigation constraint that grower’s face is the high variability of natural surface flows of the river. 
When the river is dry, there is no surface water to irrigate crops.   
 
A: However, the additional water would go to use, though not a high valued use.  If additional 
surface water is made available under AWSA for irrigation, growers would return to production 
80-100 acres of previously abandoned farm land. This farmland is currently planted as dry land 
(non-irrigated) alfalfa and could be brought in as irrigated acreage once again.  
 
A: Also current crop yields would be increased by additional water, but not as much as if the 
grower were able to have reliable, well timed water.  
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Q. With additional water granted through AWSA with storage coming with it, what would be the 
effect in your area? 
A: With additional water and storage that would make the water more reliable and better timed, 
growers could see significant increases in current yields of crops under cultivation.  We’d also 
expect to see more cattle being grazed per unit time per acre of pasture resulting from the higher 
forage yields. 
 
Q. With storage for additional water do you see any changes to the crop mix? 
 
A: Growers also stated that other high valued crops might be grown in small quantities, such as 
garlic, grapes, or pecans.  Not cotton, because the elevation is too high.  However due to a 
shorter growing season addition crops or changes in the crop mix would be unlikely.    
 
A:  Additional AWSA water could entice new producers to move to the area to plant high return 
crops for which there is currently little local knowledge or experience. 
 
Q. What is the approximate price charged of irrigated pasture in this area?  
 
A: $30 AUM ($1/head/day) is a typical price charged to rent pasture.   
 
 
END OF MEETING



 

Page 114 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Appendix 2: Producer Panels  

 
9.4 Deming New Mexico: August 27, 2014 

AWSA follow-up meeting with Deming area growers, organized by NMSU Luna County Agent, 
Jack Blandford.   Bulleted questions are listed below.  Five in attendance. 

 
Agenda: NMSU has been tasked by the NM Interstate Streams Commission to investigate the 
economic impacts to irrigated agriculture of a proposed new water supply of 5000 acre feet 
imported from the Gila Drainage.   Please assume that the price of the new water is zero 
delivered to the edge of the distribution system in Luna County.  In fact, its price and delivery 
point would likely be subject to political debate and negotiation. 

 
 We would like to know what growers in Luna County might do to put that new surface water 

to use in agriculture.   Our task is to calculate additional farming income produced by the 
new water.   
 

 Q:  NMSU asked how would 5000 AF/year of new water for the county make a difference in 
several things:  These include 

 
o Acreage under production by crop 

 
A:  Growers asked how often they would we get the 5K acre feet of new water.  Likely 
only part of the time.  In some past years, grain prices were high, and growers grew lots 
of it.  Corn prices are low now and they plan to grow little corn for the immediate future, 
but they will continue to watch prices.    

 
A:   Answer depends on if the water actually came to Deming and on what crop prices 
were when the water came.  Crop prices are cyclical, and cropping patterns are always 
changing to adjust to price changes.  Storage, even aquifer storage, would raise the 
likelihood of putting the water to beneficial use in the Deming area.    

 
A:  Most growers since about 2000 have shifted into drip irrigation because annual 
production costs are lower and yields are higher.  Some previously unprofitable farms 
have become profitable again thanks to drip irrigation. So switching to drip irrigation has 
taken little pressure off the aquifer because of increased acreage response to drip.  Drip 
may have even increased the pressure.   
 
A:  Generally little impacts on acreage or crop mix.  Likely a bigger impacts on reduced 
production costs, and growing income from reduced pumping depths over time. 

 
Q:  What is the best way to get the new AWSA water into productive crop irrigation in the 
Deming area?     
 
A:  It makes most long term economic sense to bring it down to Deming and recharge the aquifer 
with it, and it would be the most fair, distributing the benefits of more water most widely, and 
most cheaply.   
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A:  Ag use is allowed 3 feet depth, commercial is allowed 1.6.  So once a water right is 
transferred into commercial use, it cannot come back to agriculture. 
 
Q:  What would Luna County growers vote for on the best way to use AWSA surface water? 
 
A:  Recharging the aquifer is better than any other alternative, such as putting AWSA water 
directly into drip irrigation systems, or conveying it by canals to farms.  Distribution costs to 
farms would be too expensive when paying for rights of way and costs of new pipelines or canal 
systems.  
 
A:  Aquifer recharge is attractive, but mostly for the longer term for children of current growers.  
Unlikely much economic impact for the short term.  But prolonging the life the local aquifer is 
an important benefits that contributes to sustainability of the region.     

 
Q:  What kinds of high valued crops might be grown with new water?    
 
A:  The main benefit of new water is reduced aquifer depletion, with little likely shift into new 
higher-valued crops.  Chile is growers’ classic highest valued crop.   Under current pricing, 
growers are growing the most profitable crops. 
 
Q:  What about exotic crops like lavender? Would they be grown with AWSA water? 
 
A:  Lavender would be grown for its oil.  Problem:  Lavender and many other experimental crops 
appear to be vulnerable to the disease verticillium wilt.  And growers stated that it’s unlikely to 
be a good investment for NMSU to develop verticillium resistant varieties, since the scale of that 
crop grown will likely be too low to justify spending the research dollars.  One grower 
personally investigated the agronomic and economic feasibility of growing lavender but risks of 
disease issues dissuaded him.   This problem would not be addressed with AWSA water, 
especially if used for aquifer recharge.  
 
A:  Growers are likely to grow the same crops and cultivate the same acreage with and without 
the new AWSA water. But production costs would fall slightly because of reduced pumping 
costs if the AWSA water is used to recharge the aquifer. Even if acreage is expanded on current 
fallow land, the economics of expanding that acreage is weak, and it would expand no more than 
5000/3 = 1667 acres.   
 

o Yields 
 

A:  Composting and new varieties have increased yields.  New AWSA water would 
likely have no effect on yields.  Profit margins would increase with lower pumping costs, 
with margins growing more in future years.     

 
o Irrigation technology (i.e., flood, micro-sprinkler, drip) 
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A:  With storage, Deming would get their 5K acre feet per year more often.  Growers are 
unlikely to change irrigation technology with AWSA water compared to without it.  
Unless something comes out better than drip irrigation, growers are unlikely to use the 
new technology.  They’re already using the best land, the best irrigation technology, and 
growing the best crops. 

 
 Q:  What set of rules should be used to allocate the new water among growers?     

 
o Water to highest bidder   
o Proportional sharing of new supplies   
o Something else  

 
A:  Aquifer recharge is the best way to use the AWSA water if brought to Deming.  If 
aquifer is recharged with new AWSA water, everybody gets a shot at the new water.  If 
you have a water right to pump, you will pump with a slightly lower cost.  No new rules 
are needed. 

 
 Q:  If the proposed new water’s distribution system is paid for by the growers, how should 

this new water be delivered to farms?     
 

o Additional surface water 
o Additional recharge to aquifer 
o Direct injection to drip systems  
o Something else   

 
A:  As stated above, canals to farms are too expensive to justify conveying the water.  
Farms are too scattered to justify any kind of surface distribution.   Surface conveyance 
would require public easements on private lands.  AWSA water will likely still be used 
for aquifer recharge.  This is a different view from that expressed at our previous Deming 
grower meeting in early April.  At that earlier meeting, one grower though that new water 
should be put out to bid for immediate use.  

 
 NMSU asked for help in improving the crop enterprise budgets it publishes for the 2014 cost 

and return budgets. 
 
NMSU passed out the NMSU-ACES budgets on drip, flood, and sprinkler irrigation.   
 
Growers agreed to make changes in the budgets and return to NMSU where they saw 
discrepancies. 
 

 Other Information  
  
Drip system are pressurize at 20 to 40 psi in order to pump water to the surface. 
 
Soil quality and fertility is variable and it affects crop water ET and cost of operation. 
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NM growers face diseases in the soil not present in California or states farther west because 
we wet the soil then turn off the water in the fall.  This may interfere with maintaining a 
constant soil environment which would allow the beneficial soil environment to control some 
of the destructive soil borne diseases. 
 
END OF MEETING 
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10 Appendix 3:  Data and Assumptions 

Appendix 3 Table 1:  Land in Production by Crop, Region, and AWSA Policy, Southwest New Mexico, 2012 (acres) 

Crop 

Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

With Current 
Ag 

Development 
Constraints 

Without 
Current Ag 

Development 
Constraints 

Alfalfa 260.00 317.54 317.54 350.00 451.75 451.75 9131.00 9757.36 9757.36 
Irrigated 
Pasture 1720.00 1990.00 1990.00 300.00 270.00 270.00 - - - 
Sudan Grass 20.00 24.43 24.43 100.00 129.07 129.07 - - - 
Dry Beans - - - - - 0.00 247.00 263.94 263.94 
Snap Beans - - - - - 0.00 121.00 129.30 129.30 
Corn - - - 400.00 516.28 516.28 2680.00 2863.84 2863.84 
Sorghum - - - 100.00 129.07 129.07 1368.00 1461.84 1461.84 
Wheat - - - - - 0.00 798.00 852.74 852.74 
Cotton - - - 700.00 903.49 903.49 1998.00 2135.06 2135.06 
Grapes 20.00 48.00 48.00 40.00 104.00 104.00 309.00 330.20 330.20 
Green Chile - - - 150.00 193.61 193.61 4119.00 4401.55 4401.55 
Fall Onions - - - - - - 601.00 642.23 642.23 
Mid Season 
Onions - - - - - - 601.00 642.23 642.23 
Late Season 
Onions - - - - - - 601.00 642.23 642.23 
Watermelons - - - - - - 348.00 371.87 371.87 
Pecans  0.00 84.15 84.15 60.00 146.20 146.20 1878.00 2006.83 2006.83 
Total Acreage 2020.00 2464.11 2464.11 2200.00 2843.46 2843.46 24800.00 26501.21 26501.21 

Data Sources: US Census of Agriculture (2014), New Mexico Department of Agriculture (2012), Allen (2014), Blandford (2014), and Lowry (2014).  
 



 

Page 120 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Appendix 3: Data and Assumptions  

Appendix 3, Table 2:  Crop Price by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (Dollars Per Unit) 

Crop Units Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa $/ton 256.00 256.00 256.00 256.00 256.00 256.00 256.00 256.00 256.00 
Irrigated 
Pasture 

$/AUM 30.00 30.00 30.00 30.00 30.00 30.00       

Sudan Grass $/ton 145.00 145.00 145.00 145.00 145.00 145.00       
Dry Beans $/cwt             60.00 60.00 60.00 
Snap Beans $/ton             240.00 240.00 240.00 
Corn $/ton       257.14 257.14 257.14 257.14 257.14 257.14 
Sorghum $/cwt       12.03 12.03 12.03 12.03 12.03 12.03 
Wheat $/cwt             12.50 12.50 12.50 
Cotton $/lb       1.07 1.07 1.07 1.07 1.07 1.07 
Grapes $/ton 669.00 669.00 669.00 669.00 669.00 669.00 669.00 669.00 669.00 
Green Chile $/ton       678.00 678.00 678.00 678.00 678.00 678.00 
Fall Onions $/sack             9.80 9.80 9.80 
Mid Season 
Onions 

$/sack             9.80 9.80 9.80 

Late Season 
Onions 

$/sack             9.80 9.80 9.80 

Watermelons $/cwt             13.90 13.90 13.90 
Pecans  $/lb   2.17 2.17 2.17 2.17 2.17 2.17 2.17 2.17 
Sources:  New Mexico State University Cooperative Extension, Grant County, Hidalgo County, Luna County  (2013), Pennsylvania State University, Snap 
Beans (2012), University of  California (various years), Dry Beans, Grapes, Watermelons, US Department of Agriculture, Crop  Values (2014) 
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Appendix 3, Table 3:  Crop Yield Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (units per acre) 
Crop Units Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa tons/acre 8.00 8.00 8.00 8.00 8.00 8.00 9.15 9.15 9.15 

Irrigated 
Pasture 

AUMs/acre 12.00 12.00 12.00 12.00 12.00 12.00       

Sudan Grass tons/acre 8.00 8.00 8.00 8.00 8.00 8.00       

Dry Beans cwt/acre             27.00 27.00 27.00 

Snap Beans tons/acre             3.75 3.75 3.75 

Corn tons/acre       4.76 4.76 4.76 5.44 5.44 5.44 

Sorghum cwt/acre       44.40 44.40 44.40 44.40 44.40 44.40 

Wheat cwt/acre             39.12 39.12 39.12 

Cotton lb/acre       1000.00 1000.00 1000.00 1550.00 1550.00 1550.00 

Grapes tons/acre 7.75 7.75 7.75 7.75 7.75 7.75 7.75 7.75 7.75 

Green Chile tons/acre       11.00 11.00 11.00 14.00 14.00 14.00 

Fall Onions sacks/acre             820.00 820.00 820.00 

Mid Season 
Onions 

sacks/acre             820.00 820.00 820.00 

Late Season 
Onions 

sacks/acre             820.00 820.00 820.00 

Watermelons cwt/acre             293.67 293.67 293.67 

Pecans  lbs/acre   1781.00 1781.00 1781.00 1781.00 1781.00 1781.00 1781.00 1781.00 
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Appendix 3, Table 4:  Non-Water Production Costs Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 
(dollars/acre) 
Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 682 682 682 682 682 682 928 928 928 

Irrigated Pasture 300 300 300 318 318 318       

Sudan Grass 300 300 300 318 318 318       

Dry Beans             725 725 725 

Snap Beans             640 640 640 

Corn       530 530 530 630 630 630 

Sorghum       615 615 615 550 550 550 

Wheat             480 480 480 

Cotton       997 997 997 1167 1167 1167 

Grapes 1627 1627 1627 1627 1627 1627 2200 2200 2200 

Green Chile       2863 2863 2863 3007 3007 3007 

Fall Onions             5268 5268 5268 

Mid Season 
Onions 

            5417 5417 5417 

Late Season 
Onions 

            5974 5974 5974 

Watermelons             3465 3465 3465 

Pecans    753 753 753 753 753 752 752 752 
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Appendix 3, Table 5  Crop Water Applied per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (acre feet 
per acre) 
Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 4.50 4.50 4.50 4.50 4.50 4.50 3.00 3.00 3.00 
Irrigated 
Pasture 

4.50 4.50 4.50 4.50 4.50 4.50       

Sudan Grass 2.67 2.67 2.67 4.50 4.50 4.50       
Dry Beans             2.33 2.33 2.33 
Snap Beans             2.33 2.33 2.33 
Corn       4.17 4.17 4.17 2.95 2.95 2.95 
Sorghum       3.33 3.33 3.33 2.50 2.50 2.50 
Wheat             1.67 1.67 1.67 
Cotton       3.00 3.00 3.00 2.17 2.17 2.17 
Grapes 3.35 3.35 3.35 3.50 3.50 3.50 2.50 2.50 2.50 
Green Chile 4.25 4.25 4.25 4.58 4.58 4.58 3.50 3.50 3.50 
Fall Onions             3.00 3.00 3.00 
Mid Season 
Onions 

            3.00 3.00 3.00 

Late Season 
Onions 

            3.00 3.00 3.00 

Watermelons             3.00 3.00 3.00 

Pecans  5.00 5.00 5.00 5.00 5.00 5.00 3.20 3.20 3.20 
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Appendix 3, Table 6:  Price of Water by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (dollars per acre foot 
applied) 
Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 0.00 0.00 0.00 0.00 0.00 0.00 105.00 105.00 105.00 

Irrigated Pasture 0.00 0.00 0.00 0.00 0.00 0.00       

Sudan Grass 0.00 0.00 0.00 0.00 0.00 0.00       

Dry Beans             105.00 105.00 105.00 

Snap Beans             105.00 105.00 105.00 

Corn       0.00 0.00 0.00 105.00 105.00 105.00 

Sorghum       0.00 0.00 0.00 105.00 105.00 105.00 

Wheat             105.00 105.00 105.00 

Cotton       0.00 0.00 0.00 105.00 105.00 105.00 

Grapes 0.00 0.00 0.00 0.00 0.00 0.00 105.00 105.00 105.00 

Green Chile       0.00 0.00 0.00 105.00 105.00 105.00 

Fall Onions             105.00 105.00 105.00 

Mid Season 
Onions 

            105.00 105.00 105.00 

Late Season 
Onions 

            105.00 105.00 105.00 

Watermelons             105.00 105.00 105.00 

Pecans    0.00 0.00 0.00 0.00 0.00 105.00 105.00 105.00 
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Appendix 3, Table 7:  Water Cost Per Acre by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (dollars per 
acre) 
Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 0.00 0.00 0.00 0.00 0.00 0.00 315.00 315.00 315.00 

Irrigated Pasture 0.00 0.00 0.00 0.00 0.00 0.00       

Sudan Grass 0.00 0.00 0.00 0.00 0.00 0.00       

Dry Beans             244.65 244.65 244.65 

Snap Beans             244.65 244.65 244.65 

Corn       0.00 0.00 0.00 309.75 309.75 309.75 

Sorghum       0.00 0.00 0.00 262.50 262.50 262.50 

Wheat             175.35 175.35 175.35 

Cotton       0.00 0.00 0.00 227.85 227.85 227.85 

Grapes 0.00 0.00 0.00 0.00 0.00 0.00 262.50 262.50 262.50 

Green Chile       0.00 0.00 0.00 367.50 367.50 367.50 

Fall Onions             315.00 315.00 315.00 

Mid Season 
Onions 

            315.00 315.00 315.00 

Late Season 
Onions 

            315.00 315.00 315.00 

Watermelons             315.00 315.00 315.00 

Pecans    0.00 0.00 0.00 0.00 0.00 336.00 336.00 336.00 
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Appendix 3, Table 8:  Net Income Per Acre from Farming by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 
(dollars/acre) 
Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 1,366.00 1,366.00 1,366.00 1,366.00 1,366.00 1,366.00 1,099.40 1,099.40 1,099.40 

Irrigated Pasture 60.00 60.00 60.00 42.00 42.00 42.00 0.00 0.00 0.00 

Sudan Grass 860.00 860.00 860.00 842.00 842.00 842.00    

Dry Beans       650.35 650.35 650.35 

Snap Beans       15.35 15.35 15.35 

Corn    693.99 693.99 693.99 459.09 459.09 459.09 

Sorghum    -80.87 -80.87 -80.87 -278.37 -278.37 -278.37 

Wheat       -166.35 -166.35 -166.35 

Cotton    73.00 73.00 73.00 263.65 263.65 263.65 

Grapes 3,557.75 3,557.75 3,557.75 3,557.75 3,557.75 3,557.75 2,722.25 2,722.25 2,722.25 

Green Chile    4,595.00 4,595.00 4,595.00 6,117.50 6,117.50 6,117.50 

Fall Onions       2,453.00 2,453.00 2,453.00 

Mid Season 
Onions 

      2,304.00 2,304.00 2,304.00 

Late Season 
Onions 

      1,747.00 1,747.00 1,747.00 

Watermelons       302.01 302.01 302.01 

Pecans 0.00 3,111.77 3,111.77 3,111.77 3,111.77 3,111.77 2,776.77 2,776.77 2,776.77 

 



 

Page 127 of 128 
NMSU Ward and Crawford  

NM Interstate Stream Commission   
Section Appendix 3: Data and Assumptions  

 

Appendix 3, Table 9:  Total Net Income by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New Mexico, 2012 (Dollars per Year) 

Crop Grant County (Cliff-Gila Area) Hidalgo County (Virden Area) Luna County (Deming Area) 

Historical  
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
(2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

Historical 
 (2012) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 355,160 433,757 433,757 478,100 617,084 617,084 10,038,621 10,727,241 10,727,241 
Irrigated Pasture 103,200 119,400 119,400 12,600 11,340 11,340       
Sudan Grass 17,200 21,006 21,006 84,200 108,677 108,677       
Dry Beans             160,636 171,656 171,656 
Snap Beans             1,857 1,985 1,985 
Corn       277,595 358,291 358,291 1,230,365 1,314,765 1,314,765 
Sorghum       -8,087 -10,438 -10,438 -380,807 -406,930 -406,930 
Wheat             -132,747 -141,853 -141,853 
Cotton       51,100 65,955 65,955 526,773 562,908 562,908 
Grapes 71,155 170,772 170,772 142,310 370,006 370,006 841,175 898,877 898,877 
Green Chile       689,250 889,615 889,615 25,197,983 26,926,489 26,926,489 
Fall Onions             1,474,253 1,575,382 1,575,382 
Mid Season 
Onions 

            1,384,704 1,479,691 1,479,691 

Late Season 
Onions 

            1,049,947 1,121,970 1,121,970 

Watermelons             105,101 112,310 112,310 
Pecans  0 261,855 261,855 186,706 454,941 454,941 5,214,774 5,572,492 5,572,492 
Total 546,715 1,006,791 1,006,791 1,913,774 2,865,471 2,865,471 46,712,635 49,916,982 49,916,982 
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Appendix 3, Table 10 Gain in Net Income by County, Crop, and AWSA Policy, Grant, Hidalgo, and Luna County, New 
Mexico, 2012 (Dollars per Year) 
Crop Grant County  

(Cliff-Gila Area) 
Hidalgo County 
 (Virden Area) 

Luna County  
(Deming Area) 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With AWSA 
Water & 
Storage 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

With Current 
Ag 
Development 
Constraints 

Without 
Current Ag 
Development 
Constraints 

Alfalfa 78,597 78,597 138,984 138,984 688,619 688,619 
Irrigated Pasture 16,200 16,200 -1,260 -1,260     
Sudan Grass 3,806 3,806 24,477 24,477     
Dry Beans         11,019 11,019 
Snap Beans         127 127 
Corn     80,697 80,697 84,399 84,399 
Sorghum     -2,351 -2,351 -26,122 -26,122 
Wheat         -9,106 -9,106 
Cotton     14,855 14,855 36,135 36,135 
Grapes 99,617 99,617 227,696 227,696 57,702 57,702 
Green Chile     200,365 200,365 1,728,506 1,728,506 
Fall Onions         101,129 101,129 
Mid Season 
Onions 

        94,987 94,987 

Late Season 
Onions 

        72,023 72,023 

Watermelons         7,210 7,210 
Pecans  261,855 261,855 268,235 268,235 357,718 357,718 
Total 460,076 460,076 951,697 951,697 3,204,347 3,204,347 
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This soil survey is a publication of the National Cooperative Soil Survey, a 
joint effort of the United States Department of Agriculture and other federal 
agencies, state agencies including the Agricultural Experiment Stations, and 
local agencies. The Soil Conservation Service has leadership for the federal 
part of the National Cooperative Soil Survey. In line with Department of 
Agriculture policies, benefits of this program are available to all, regardless of 
race, color, national origin, sex, religion, marital status, or age. 

This publication is designed to meet the needs of private landowners as well 
as those of the Forest Service. It is divided into three parts. Part I gives 
information that is applicable both to privately owned land and to land 
administered by the Forest Service; Part II describes the privately owned land; 
and Part Ill describes the land administered by the Forest Service. 

Major fieldwork for this soil survey was performed in the period 1973-78. Soil 
names and descriptions were approved in 1979. Unless otherwise indicated, 
statements in this publication refer to conditions in the survey area in 1979. 
This survey was made cooperatively by the Soil Conservation Service and 
Forest Service and the New Mexico Agricultural Experiment Station. It is part of 
the technical assistance furnished to the Grant and Hidalgo Soil and Water 
Conservation Districts. 

Soil maps in this survey may be copied without permission. Enlargement of 
these maps, however, could cause misunderstanding of the detail of mapping. 
If enlarged, maps do not show the small areas of contrasting soils that could 
have been shown at a larger scale. 
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Foreword 

This soil survey contains information that can be used in land-planning 
programs in Grant County, New Mexico, Central and Southern parts. It contains 
predictions of soil behavior for selected land uses. The survey also highlights 
limitations and hazards inherent in the soil, improvements needed to overcome 
the limitations, and the impact of selected land uses on the environment. 

This soil survey is designed for many different users. Farmers, ranchers, 
foresters, and agronomists can use it to evaluate the potential of the soil and 
the management needed for maximum food and fiber production. Planners, 
community officials, engineers, developers, builders, and home buyers can use 
the survey to plan land use, select sites for construction, and identify special 
practices needed to insure proper performance. Conservationists, teachers, 
students, and specialists in recreation, wildlife management, waste disposal, 
and pollution control can use the survey to help them understand, protect, and 
enhance the environment. 

Great differences in soil properties can occur within short distances. Some 
soils are seasonally wet or subject to flooding. Some are shallow to bedrock. 
Some are too unstable to be used as a foundation for buildings or roads. 
Clayey or wet soils are poorly suited to use as septic tank absorption fields. A 
high water table makes a soil poorly suited to basements or underground 
installations. 

These and many other soil properties that affect land use are described in 
this soil survey. Broad areas of soils are shown on the general soil map. The 
location of each soil is shown on the detailed soil maps. Each soil in the survey 
area is described. Information on specific uses is given for each soil. Help in 
using this publication and additional information are available at the local office 
of the Soil Conservation Service or the Cooperative Extension Service. 

Albert W. Hamelstrom 
State Conservationist 
Soil Conservation Service 
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Part I. Information applicable to 
privately owned and Forest Service land 

This part discusses the climate in the survey area, 
describes how the survey was made, discusses factors 
of soil formation, and describes the general soil map 
units in the survey area. 

Grant County, Central and Southern Parts, consists 
mainly of the area of Grant County that lies south of the 
Gila National Forest. It also includes thE;! Big Burro 
Mountains area of the Gila National Forest and an area 
of the Gila National Forest adjacent to Fort Bayard. The 
survey area is in the Southern Rocky Mountains 
physiographic province. It has a total area of 
approximately 1 ,854,367 acres, or 2,897 square miles. 
Silver City is the county seat of Grant County. In 1974 
the estimated population of the survey area was 23,400. 
In 1973 the estimated population of Silver City was 
9,000. 

Elevation of the survey area ranges from 4,000 feet 
along the Gila River at Redrock to 8,000 feet near Pinos 
Altos and Jack's Peak. Generally, elevation in the 
northern part of the survey area is more than 5,000 feet, 
and in the southern part it ranges from 4,000 to 5,000 
feet. 

The southern part of the survey area is characterized 
by valley fill sediment that forms broad upland plains 
between mountain ridges. This part includes the area 
extending from the southern end of the county north to 
the area between Bayard and the Big Burro Mountains 
and the area around Redrock. The rest of the survey 
area is characterized by mountains and hills capped with 
igneous rock, deep canyons, and entrenched streams. 
Two major streams flow through the survey area-the 
Gila River in the northwestern part and the Mimbres 
River along the eastern edge. 

The climate and precipitation in the survey area vary 
with elevation. In the southern part of the area, the 
average annual temperature is about 60 degrees F and 
the average annual precipitation is about 10 inches. In 
the northern part of the area, the average annual 
temperature is about 51 degrees and the average annual 
precipitation is about 14 inches. 

Copper mining and ranching are the most important 
industries in the survey area. Gold, silver, lead, zinc, 
lime, manganiferous ore, and molybdenum are also 
mined. The ranching industry maintains about 35,000 
brood cows on 1 ,250,000 acres of rangeland. Some 
farming is conducted in the Gila River and Mimbres River 
valleys and at the southern end of the county. There are 

about 7,200 acres of irrigated cropland and BOO acres of 
dryfarmed cropland in the survey area. The main crops 
are alfalfa hay, improved grasses for pasture, and small 
grain. Other crops include vegetables, orchard crops, 
and grain sorghum. 

Descriptions, names, and delineations of the soils in 
this soil survey do not fully agree with soil maps in 
adjacent surveys published at a different date. 
Differences are the result of better knowledge of soils, 
modifications in series concepts, intensity of mapping, 
and the extent of the soils within the survey area. In 
some places it is more feasible to combine small 
acreages of similar soils that respond to use and 
management in much the same way than it is to 
separate these soils and give them names. 

Climate 
By Frank E. Houghton, climatologist for New Mexico, National 

Weather Service, U.S. Department of Commerce. 

The climate of this survey area is semiarid and exhibits 
a wide range in daily and annual temperatures (3). 
Sunshine in the area is plentiful, and the relative humidity 
is low. The climate is highly variable because of the wide 
range in the elevation of the area and the uneven 
topography. Table 1 in Part II of this survey gives data 
on temperature and precipitation for the survey area as 
recorded at Fort Bayard, New Mexico, in the period 
1931-60. 

This survey area is in two major climatic zones. The 
southern part of the area is in the first climatic zone. The 
average annual precipitation in this zone is 8 to 12 
inches, and more than half of the precipitation falls from 
July through September. The highest annual 
precipitation, 18.02 inches, was recorded in Hachita in 
1931. The lowest annual precipitation, recorded in 1910, 
is 4.38 inches. Some of the precipitation falls as snow in 
December through February. The snow usually melts 
fairly rapidly. 

The elevation in this climatic zone ranges from 4,000 
to 5,500 feet. As the elevation increases, the 
precipitation increases and the temperature decreases. 
The average annual temperature is 58 to 62 degrees F. 
The highest temperature ever recorded at Hachita was 
1 08 degrees. 

The growing season extends from April through 
October and ranges from 180 to 220 days. 
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The northern and central parts of the survey area are 
in the second major climatic zone. The average annual 
precipitation in this zone is 12 to 19 inches, and almost 
50 percent of the precipitation falls from July through 
September. The source of this precipitation is mainly 
moist air from over the Gulf of Mexico. The precipitation 
occurs mostly as brief but occasionally heavy 
thunderstorms. Spring and fall are relatively dry. A small 
increase in precipitation occurs in winter. Its source is 
moist air from over the Pacific Ocean. On an average of 
20 to 30 days a year, as much as 0.1 0 inch of 
precipitation falls. Occasionally, heavy rainfall from 
tropical Pacific storms over the Gulf of California reach 
southwestern New Mexico and cause some local 
flooding. 

The highest annual precipitation, recorded in 1958 at 
Silver City, is 26.19 inches. The lowest annual 
precipitation, recorded in 1947, is 6.77 inches. Some of 
the precipitation in November through March falls as 
snow. 

The elevation in this climatic zone ranges from 5,000 
to 8,000 feet. As the elevation increases, the 
precipitation increases and the temperature decreases. 
The average annual temperature is 47 to 57 degrees F. 
The lowest temperature on record, which occurred in 
January 1913 at Silver City, is -12 degrees. The highest 
recorded temperature is 1 03 degrees, which occurred in 
July 1958. 

The maximum temperatures in midsummer generally 
are in the eighties. On an average of only 27 days each 
year, the high temperature reaches or exceeds 90 
degrees F. Temperatures of 100 degrees or more are 
very rare. Because of rapid cooling after sundown, which 
is typical of higher mountain valleys, Silver City has cool, 
pleasant summer nights. Winters are characterized by 
moderately warm days, and the temperature in the 
shade during the warmest part of the day is near 50 
degrees. On the average, only 2 days in winter do not 
have temperatures above freezing. Winter nights 
generally are cool, and freezing temperatures occur 
much of the time from early in November through March. 
Temperatures below zero, however, have been recorded 
on only 18 days in the 28 years of record. 

The growing season extends from mid-April through 
mid-October and ranges from 150 to 180 days. 

How this survey was made 
Soil scientists made this survey to learn what soils are 

in the survey area, where they are, and how they can be 
used. They observed the steepness, length, and shape 
of slopes; the size of streams and the general pattern of 
drainage; the kinds of native plants or crops; and the 
kinds of rock. They dug many holes to study soil profiles. 
A profile is the sequence of natural layers, or horizons, in 
a soil. It extends from the surface down into the parent 
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material, which has been changed very little by leaching 
or by plant roots (6). 

The soil scientists recorded the characteristics of the 
profiles they studied and compared those profiles with 
others in nearby counties and in more distant places. 
They classified and named the soils according to 
nationwide uniform procedures. They drew the 
boundaries of the soils on aerial photographs. These 
photographs show trees, buildings, fields, roads, and 
other details that help in drawing boundaries accurately. 
The soil maps at the back of this publication were 
prepared from aerial photographs. 

The areas shown on a soil map are called map units. 
Most map units are made up of one kind of soil. Some 
are made up of two or more kinds. The map units in this 
survey area are described under "General soil map 
units" and "Detailed soil map units." 

While a soil survey is in progress, samples of some 
soils are taken for laboratory measurements and for 
engineering tests. All soils are ·field tested to determine 
their characteristics. Interpretations of those 
characteristics may be modified during the survey. Data 
are assembled from other sources, such as test results, 
records, field experience, and state and local specialists. 
For example, data on crop yields under defined 
management are assembled from farm records and from 
field or plot experiments on the same kinds of soil. 

But only part of a soil survey is done when the soils 
have been named, described, interpreted, and delineated 
on aerial photographs and when the laboratory data and 
other data have been assembl~d. The mass of detailed 
information then needs to be organized so that it can be 
used by farmers, rangeland and woodland managers, 
engineers, planners, developers and builders, home 
buyers, and others. 

This survey was mapped at two levels of intensity, or 
detail. The more detailed part is identified by narrowly 
defined units, and the less detailed part is identified by 
broadly defined units. In the narrowly defined units the 
soil delineation boundaries were plotted and verified at 
closely spaced intervals. In the broadly defined units the 
soil delineation boundaries were plotted and verified by 
some observations. The intensity of mapping was based 
on the anticipated long-term use of the survey, and the 
map units were designed to meet the needs for that use. 
On the soil map legend at the back of this survey, the 
broadly defined units are identified by an asterisk 
following the map unit name. 

Factors of soil formation 
Soil is unconsolidated mineral material on the earth's 

surface that supports plant growth (7). An individual soil 
is a three-dimensional body that occupies space. The 
shape of an individual soil body also varies and may or 
may not be predictable. The size and shape of individual 
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soil bodies are often related to the shape and nature of 
landforms. 

Soil is a naturally occurring body. It is the result of the 
interaction of five soil-forming factors: (1) plants and 
animals, (2) climate, (3) the parent material, (4) relief, 
and (5) time. The effect of any one factor may be altered 
by the other four. 

The interaction of all the soil-forming factors 
determines the characteristics of the soil pedon. The 
interaction of the factors is very complex, and it is 
difficult to isolate the effects of any one factor. Some 
soils, however, have been more strongly influenced by 
one or more of the factors than by the others. 
Montmorillonitic parent material, for example, has been a 
dominant influence on the Lehmans and Verhalen soils. 
Climate and relief have been dominant influences on the 
Santana and Santa Fe soils. Plant life greatly influenced 
the formation of the Manzano, Paymaster, Sampson, and 
Ruidoso soils. 

The five major factors of soil formation are discussed 
separately in the following pages. 

Parent material 

The soils in the survey area formed in a variety of 
parent materials that range in age from Precambrian to 
Holocene. The material includes intrusive and volcanic 
igneous rock, marine sediment, and continental deposits 
(5). The numerous kinds of rock and their varying ages 
have resulted in many different kinds of soil in the area. 

Rock of Quaternary age, the most recent, is parent 
material of soils such as those in the Manzano, 
Paymaster, and Ellicott series that are on flood plains 
and in valleys; those in the Mohave, Stellar, Verhalen, 
and Mimbres series that are on plains and fans and in 
bolsons; and Lithic Haplargids on hills. 

Rock of Tertiary age is the parent material of nearly 40 
percent of the soils in the survey area, including soils 
such as those in the Lonti, Luzena, Judd, Jonale, and 
Guy series. These soils are well dispersed throughout 
the area. This parent material is variable. It includes Gila 
conglomerate, rhyolite, andesite, and tuff. 

Rock of Cretaceous age is the parent material of soils 
such as those in the Graham, Lehmans, and Camero 
series. This rock includes Colorado Shale, Beartooth 
Quartzite, and Sarten Sandstone in the central part of 
the survey area, and Laramide Volcanic Rock and the 
Late Cretaceous Virden Formation in the western part of 
the survey area (2). 

Rock on the steep mountainsides in the north-central 
part of the survey area is of Pennsylvanian age. This 
rock includes limestone, shale, and sandstone. Soils of 
the Oro Grande and Encierro series are representative 
of those that weathered from this rock. 

The Precambrian rock in the mountainous areas in the 
north-central and west-central parts of the survey area is 
the oldest geological material in the area. Soils of the 
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Santana series are examples of those that formed in this 
material. 

Plants and animals 

Plant and animal life both on and in the soil have an 
effect on soil formation. Organic material such as 
decaying roots, stems, leaves, and branches is added to 
the soil. A multitude of micro-organisms in the soil work 
on plant and animal remains. Insects and burrowing 
animals mix the soil. Larger animals trample the soil, 
which breaks up the surface crust and allows more 
moisture to enter. Animals also add organic matter and 
other nutrients. Man applies fertilizers, soil amendments, 
and other material to the soil and extracts products from 
it, which also change the nature of the soil. 

The influence of man on soil formation in the survey 
area has been minimal, except in irrigated areas and in 
areas that have been urbanized. Man has depleted some 
nutrients and added others by incorporating waste 
products from livestock operations, green manure crops, 
commercial fertilizers, and garbage. Erosion in some 
places has occurred as a result of a loss of the 
protective plant cover because of overgrazing; however, 
the soils can be protected from erosion by leaving mulch 
and stubble on the surface and by using windbreaks. 

Soils in the survey area have formed under several 
general types of vegetation. Each type has a specific 
influence on soil formation. In the southern part of the 
survey area, the vegetation is mainly desert shrubs and 
warm-season grasses. Precipitation is low in this area, 
and plant growth is not so vigorous as it is in the cooler, 
northern part. Soils of the Tres Hermanos, Mohave, and 
Bucklebar series are examples of soils that formed under 
these conditions. These soils have low organic matter 
content. 

In the northern part of the survey area, the vegetation 
is mainly cool-season grasses, shrubs, juniper, pinyon, 
ponderosa pine, and a few warm-season grasses. 
Precipitation is higher in this area, and evaporation is 
lower. The plants grow more vigorously and produce 
more litter. Soils of the Manzano, Ruidoso, Sanloren, 
and Muzzler series are examples of soils that formed 
under these conditions. These soils have high organic 
matter content. 

Relief 

Relief affects soil formation by its influence on 
drainage, erosion, plant cover, and soil temperature. The 
relief of the survey area is varied. 

Generally, the deeper soils that have distinct horizons 
are gently sloping. Runoff is slow on these soils, and the 
loss of soil material by water erosion is slight. The 
shallower soils that have less distinct horizons are steep 
and are on ridges. Runoff is rapid on these soils. They 
have formed very slowly because they erode faster than 
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they form distinct horizons. The amount of moisture that 
enters the soils decreases with slope. 

Relief and surface drainage are closely related. The 
main drainageways in the survey area are the Gila River, 
the Mimbres River, the San Francisco River, and 
numerous washes and arroyos. The Gila River drains 
most of the northern highlands and areas west of the 
Continental Divide. The Mimbres River drains the area 
east of the Continental Divide. This river, however, is dry 
in the area south of San Lorenzo during the irrigation 
season. 

Although the San Francisco River does not flow 
through the survey area, it drains the northwest corner of 
the area, near Mule Creek. The southern part of the 
area, near Hachita, is drained by numerous washes and 
arroyos that originate in various hills and mountains in 
surrounding areas. 

In this survey area there are two areas where the soils 
do not reflect the effect that relief generally has on soil 
formation. The nearly level soils on flood plains formed 
in recently deposited alluvial sediment and have not had 
time to form distinct horizons, and the steep soils on hills 
and mountains have distinct horizons because of 
increased rainfall at higher elevations. 

Climate 

Climate is the major soil-forming factor that most 
influences formation of soils in this survey area. It affects 
the vegetation, parent material, drainage, and 
topography of the area. The major elements of climate 
are temperature, precipitation, humidity, and wind. 
Generally, as elevation increases, precipitation 
increases, temperature decreases, and humidity 
increases. 

The climate of this survey area is highly varied 
because of the wide range in elevation and the uneven 
topography. Elevation ranges fr9m 4,000 feet near 
Hachita and Redrock to 8,000 feet near Jack's Peak. The 
average. annual temperature ranges from about 44 to 62 
degrees F, and the average annual precipitation ranges 
from 8 to 20 inches. Fifty percent of the precipitation 
falls during thunderstorms in July and September. These 
are usually high intensity storms and, consequently, 
much of the moisture runs off. 

When rains are gentle, some of the nearly level soils 
absorb most of the water, which results in deeper 
leaching of soluble salts, greater movement of clay, and 
more lush plant growth. As a result more soil material 
and distinct horizons are formed. 

Time 

Soils form over a long period of time. The length of 
time that soil-forming factors have been acting on parent 
material is reflected in the soil profile. As the length of 
time increases, development of the profile becomes 
more apparent. Organic matter content from plants and 
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animals is higher in the surface layer, and lime and very 
fine clay are leached downward and built up in the 
underlying layers. If the soil-forming factors remain 
unchanged, changes in the soil horizons are very slow 
once the soil nears equilibrium with its environment. 

In this survey area most of the irrigated soils are on 
recently deposited flood plains and fans. These soils 
generally are deep, are moderately permeable, and are 
rich in most mineral plant nutrients. They have no 
apparent horizons other than those containing organic 
matter. 

The Haverson, Stirk Variant, Ellicott, and Gila Variant 
soils are examples of soils that have little or no profile 
development. The parent material has undergone very 
little change. The Manzano, Mimbres, and Guy soils 
show evidence of some profile development. Soluble 
salts have been leached downward, and the soil 
horizons are recognizable. The Lonti, Mohave, Stellar, 
and Ruidoso soils are highly developed. Soluble salts 
have been leached downward, and clay has moved into 
the lower horizons. 

General soil map units 
The general soil map at the back of this publication 

shows broad areas that have a distinctive pattern of 
soils, relief, and drainage. Each map unit on the general 
soil map is a unique natural landscape. Typically, a map 
unit consists of one or more major soils and some minor 
soils. It is named for the major soils. The soils making up 
one unit can occur in other units but in a different 
pattern. 

The general soil map can be used to compare the 
suitability of large areas for general land uses. Areas of 
suitable soils can be identified on the map. Likewise, 
areas where the soils are not suitable can be identified. 

Because of its small scale, the map is not suitable for 
planning the management of a farm or field or for 
selecting a site for a road or building or other structure. 
The soils in any one map unit differ from place to place 
in slope, depth, drainage, and other characteristics that 
affect management. 

The 13 general map units in this survey have been 
grouped into 2 general kinds of landscape for broad 
interpretive purposes. Each of the broad groups and the 
map units in each group are described in the following 
pages. 

Solis dominantly on alluvial flats, alluvial fans, hills, 
terraces, and ridges and In dralnageways 

This group consists of four map units. It makes up 
about 34 percent of the survey area. The soils in this 
group are nearly level to very steep. Elevation is 4,000 to 
5,500 feet. The average annual precipitation is about 8 
to 12 inches, and the average annual air temperature is 
about 58 to 63 degrees F. 
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The soils in this group are shallow to deep and are 
moderately well drained and well drained. 

This group is used mainly for livestock grazing, wildlife 
habitat, and recreation. 

1. Tres Hermanos-Upton-Nickel 

Nearly level to moderately sloping, well drained,· deep 
and shallow soils; on alluvial fans, terraces, and foot 
slopes 

This map unit is on foot slopes that generally are 
elongated, on terraces that are long and narrow, and on 
fans that commonly are broad and rounded. Slope is 0 
to 15 percent. Elevation is 4,000 to 5,500 feet. The 
average annual precipitation is 8 to 12 inches, and the 
average annual air temperature is 58 to 62 degrees F. 

This unit makes up about 9 percent of the survey area. 
It is about 32 percent Tres Hermanos soils, 28 percent 
Upton soils, and 19 percent Nickel soils. The 'remaining 
21 percent is soils of minor extent. 

Tres Hermanos soils are on alluvial fans, terraces, and 
foot slopes. They are deep and are nearly level to gently 
sloping. The surface layer is reddish brown gravelly 
sandy clay loam, the subsoil is reddish brown clay loam 
and gravelly clay loam, and the substratum is pink 
gravelly sandy loam and is more than 15 percent calcium 
carbonate. 

Upton soils are on alluvial fans, terraces, and foot 
slopes. They are shallow and are nearly level to gently 
sloping. The surface layer is pale brown gravelly loam, 
the subsoil is brown gravelly clay loam, and the 
substratum is white indurated caliche. 

Nickel soils are on alluvial fans. They are deep and 
are gently sloping to moderately sloping. The surface 
layer is brown gravelly sandy loam, the subsoil is brown 
gravelly sandy clay loam and very gravelly sandy clay 
loam, and the substratum is light brown very gravelly silt 
loam and very gravelly loamy sand. 

Of minor extent in this unit are deep Stellar, 
Continental, and Mohave soils on alluvial fans and along 
drainageways and shallow Lehmans soils on hills. All of 
these soils are well drained. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and recreation. Low precipitation, the content of 
coarse fragments, and the high content of calcium 
carbonate are the major limitations. Overgrazing is a 
major management concern because it leaves the soils 
in this unit subject to soil blowing and gullying and 
results in an increase in the number of undesirable 
plants. Proper compaction of the soils generally is 
required if ponds are constructed. 

This unit supports Chihuahuan Desert shrub 
vegetation. It provides habitat for wildlife such as 
javelina, desert mule deer, desert cottontail, white
throated wood rat, scaled quail, black-throated sparrow, 
loggerhead shrike, and round-tailed horned lizard. 

Populations of wildlife generally are low because the 
plant community has deteriorated in most places. 

2. Lithic Haplarglds-Rock outcrop-Orthents 

Moderately sloping to very steep, well drained, shallow 
to deep soils, and Rock outcrop; on hills, ridges, and 
breaks 

This map unit is on hills, ridges, and breaks. The hills 
are large and irregularly shaped. They have high relief 
and are dissected by narrow drainageways. The ridges 
are elongated. Slope is 5 to 75 percent. Elevation is 
4,000 to 5,500 feet. The average annual precipitation is 
8 to 12 inches, and the average annual air temperature 
is 58 to 62 degrees F. 
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This unit makes up about 6 percent of the survey area. 
It is about 42 percent Lithic Haplargids and similar soils, 
17 percent Rock outcrop, and 12 percent Orthents. The 
remaining 29 percent is soils of minor extent. 

Lithic Haplargids are throughout the unit. No single 
profile is typical of these soils. Texture varies greatly, 
and the content of gravel ranges from 0 to 50 percent or 
more. These soils are shallow, and they have an 
accumulation of clay. 

Rock outcrop consists of exposures of rock. 
Orthents are on eroded ridges and breaks. No single 

profile is typical of these soils. Texture varies greatly, 
and the content of gravel ranges from 0 to 50 percent or 
more. These soils are shallow to deep, and they exhibit 
little horizon development. 

Of minor extent in this unit are Nickel, Upton, Graham, 
and Tres Hermanos soils on hillsides and alluvial fans, 
Stellar and Mohave soils in depressional areas, and 
Mimbres soils in drainageways. All of these soils are well 
drained. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and recreation. Steepness of slope, shallow 
depth of the soils, low precipitation, and areas of Rock 
outcrop are the main limitations. Overgrazing leaves the 
soils subject to soil blowing and gullying and results in 
an increas·e in· the number of undesirable plants. 

The soils in this unit on hills support bighorn sheep, 
ringtail, rock rattlesnake, and canyon tree frogs in 
addition to the wildlife species found on adjacent general 
soil map units. The high cliffs and steep ledges provide 
perching and nesting sites for birds of prey. 

3. Stellar-Mimbres-Hondale 

Nearly level, well drained and moderately well drained, 
deep soils; on flood plains and in bolsons, playas, and 
drainageways 

This map unit is on flood plains, in bolsons, in playas 
that are broad and round, and in drainageways that are 
narrow and elongated (fig. 1 ). Slope is 0 to 3 percent. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 8 to 12 inches, and the average annual 
air temperature is 58 to 63 degrees F. 
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Figure f.-Typical area of general map unit 3, near Hachita. The vegetation is mainly soaptree yucca and tobosa. 

This unit makes up about 4 percent of the survey area. 
It is about 21 percent Stellar soils, 16 percent Mimbres 
and similar soils, 15 percent Hondale and similar soils, 
and 15 percent Verhalen soils. The remaining 33 percent 
is soils of minor extent. 

Stellar soils are well drained. They are in 
drainageways. The surface layer is brown sandy clay 
loam, the subsoil is reddish brown clay and clay loam, 
and the substratum is pink gravelly clay loam. 

Mimbres soils are well drained. They are in playas and 
on flood plains. The surface layer is brown silty clay 
loam, the subsoil is reddish brown silty clay loam, and 
the substratum is reddish brown silty clay loam. 

Hondale soils are well drained. They are in bolsons. 
The surface layer is light brown sandy loam, the subsoil 
is brown clay and light brown clay loam, and the 
substratum is light brown and pinkish white clay loam, 
sandy clay, and sandy clay loam. The content of sodium 
in these soils is more than 15 percent. 

Verhalen soils are moderately well drained. They are 
in bolsons. The surface layer is pinkish gray silty clay, 
and the underlying material is brown clay. 

Of minor extent in this unit are Stellar and Mohave 
soils on alluvial fans and along drainageways, Tres 
Hermanos and Nickel soils on alluvial fans, Anthony and 
Gila Variant soils on flood plains, and Riverwash in 
drainage channels. The Anthony and Gila Variant soils 
are dominant in the Redrock area. All of these soils are 
deep and well drained. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and recreation. Some areas near Redrock that 
are irrigated are used for cultivated crops. The high 
content of clay, low precipitation, and the high content of 
sodium are the main limitations. Overgrazing is a major 
management concern because it leaves the soils subject 
to soil blowing and gullying and results in an increase in 
the number of undesirable plants. 

Because the wildlife habitat on the part of this unit in 
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playas and valleys is constantly changing, it is used only 
seasonally and sporadically by wildlife. The part of the 
unit near Redrock includes areas of irrigated cropland 
and areas of tall, deciduous trees and riparian vegetation 
on flood plains. The areas of cropland provide food for 
large numbers of birds, and the areas of trees and 
riparian vegetation provide some of the most valuable 
wildlife habitat in the survey area. 

About 1 oo species of birds breed on this unit, 
including 7 endangered and 42 restricted species. There 
are at least 75 species of mammals, of which 1 is 
endangered and 9 are restricted in range. There are 70 
species of herpetiles, of which 6 are endangered and 21 
are restricted in range. 

4. Stellar-Mohave-Bucklebar 

Nearly level to gently sloping, well drained, deep soils; 
on alluvial fans and plains 

This map unit is on alluvial fans and plains that are 
elongated. Slope is 0 to 5 percent. Elevation is 4,000 to 
5,500 feet. The average annual precipitation is 8 to 12 
inches, and the average annual air temperature is 58 to 
62 degrees F. 

This unit makes up about 15 percent of the survey 
area. It is about 28 percent Stellar and similar soils, 19 
percent Mohave and similar soils, 12 percent Bucklebar 
soils, and 9 percent Sonoita soils. The remaining 32 
percent is soils of minor extent. 

Stellar soils have a surface layer of brown sandy clay 
loam, a subsoil of reddish brown clay and clay loam, and 
a substratum of pink gravelly clay loam. 

Mohave soils have a surface layer of pale brown 
sandy clay loam, a subsoil of brown clay loam and sandy 
clay loam, and a substratum of light brown sandy loam. 

Bucktebar soils have a surface layer of brown sandy 
loam, a subsoil of reddish brown and strong brown 
sandy clay loam and clay loam, and a substratum of 
reddish brown sandy clay loam. 

Sonoita soils have a surface layer of brown loamy 
sand, a subsoil of brown sandy loam, and a substratum 
of light brown gravelly loamy sand. 

Of minor extent in this unit are the Continental, 
Whitehouse, Ruidoso, Tres Hermanos, Mimbres, and 
Nickel soils that are deep and are on flats, plains, and 
fans and the Conger and Upton soils that are shallow to 
caliche and are on upland ridges and fans. 

This unit is used mainly for livestock grazing and 
wildlife habitat. It can be used for cultivated crops and 
specialty crops if irrigation water is available. Overgrazing 
is a major management concern because it leaves the 

soils subject to soil blowing and gullying and results in 
an increase in the number of undesirable plants. 

This unit supports Chihuahuan Desert grassland 
vegetation that provides habitat for diverse wildlife 
species including many resident and migrant birds. 
Among the other species are pronghorn antelope, 
coyote, black-tailed jackrabbit, many burrowing rodents, 
and the spadefoot toad. Birds use the tall woody 
vegetation on this unit for nesting, particularly in winter. 

7 

Soils dominantly on hills, mountains, and flood plains 

This group consists of nine map units. It makes up 
about 66 percent of the survey area. The soils in this 
group are nearly level to extremely steep. Elevation is 
5,000 to 8,000 feet. The average annual precipitation is 
about 12 to 19 inches, and the average annual air 
temperature is about 47 to 57 degrees F. 

The soils in this group are shallow to deep and are 
well drained and somewhat excessively drained. 

This group is used for livestock grazing, wildlife 
habitat, irrigated crops, recreation, woodland, and urban 
development 

5. Manzano-Paymaster-EIIIcott 

Nearly level to moderately sloping, well drained and 
somewhat excessively drained, deep soils; mainly on 
flood plains and alluvial fans 

This map unit is mainly on elongated flood plains and 
alluvial fans along the Mimbres and Gila Rivers. Slope is 
o to 15 percent. Elevation is 5,000 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, and the 
average annual air temperature is 48 to 55 degrees F. 

This unit makes up about 3 percent of the survey area. 
It is about 27 percent Manzano soils, 22 percent 
Paymaster and similar soils, 12 percent Ellicott and 
similar soils, and 7 percent Ruidoso and similar soils. 
The remaining 32 percent is soils of minor extent. 

Manzano soils are well drained and are on flood plains 
and along drainageways. The surface layer is brown 
loam, the subsoil is brown clay loam, and the substratum 
is brown clay loam. 

Paymaster soils are well drained and are on flood 
plains. The surface layer is grayish brown fine sandy 
loam, and the underlying material is dark grayish brown 
very fine sandy loam and fine sandy loam. 

Ellicott soils are somewhat excessively drained and 
are on flood plains. The surface layer is dark yellowish 
brown gravelly sand, and the underlying material is dark 
yellowish brown gravelly sand. 

Ruidoso soils are well drained and are on alluvial fans. 
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The surface layer is dark grayish brown clay loam, the 
subsoil is dark grayish brown and brown clay, and the 
substratum is brown sandy clay loam. 

Of minor extent in this unit are Sanloren and Majada 
Variant soils on old river terraces; Tesajo, Lonti, and Guy 
soils on foot slopes and terraces adjacent to river 
valleys; Haverson and similar soils on flood plains and 
alluvial fans; and Stirk Variant and similar soils on flood 
plains. All of these soils are deep and well drained. 

This unit is used mainly for irrigated crops, livestock 
grazing, wildlife habitat, and urban development (fig. 2). 
The hazards of flooding and.soil blowing are the major 
limitations. Overgrazing leaves the soils subject to soil 
blowing and gullying and results in an increase in the 
number of undesirable plants. 

The areas of cropland on this unit provide food for 
birds, and the areas of deciduous trees and riparian 
vegetation provide some of .the most important wildlife 
habitat in the survey area. About 1 00 species of birds 
breed on this unit, including 7 that are endangered and 
42 that are restricted in range. There are at least 75 
species of mammals, of which 1 is endangered and 9 
are restricted in range. There are 70 species of 
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herpetiles, of which 6 are endangered and 21 are 
restricted in range. 

6. Luzena-Rock outcrop-Muzzler 

Moderately sloping to extremely steep, well drained, 
shallow soils, and Rock outcrop; on mountains and hills 

This map unit is on mountains and hills that generally 
are broad and are characterized by ledges and ridges 
that are elongated. Slope is 5 to 1 00 percent. Elevation 
is 5,000 to 7,000 feet. The average annual precipitation 
is 12 to 16 inches, and the average annual air 
temperature is 48 to 55 degrees F. 

This unit makes up about 22 percent of the survey 
area. It is about 31 percent Luzena soils, 29 percent 
Rock outcrop, and 21 percent Muzzler soils. The 
remaining 19 percent is soils of minor extent. 

Luzena soils are on hills. The surface layer is brown 
gravelly clay loam, and the subsoil is brown gravelly clay 
loam and clay. 

Rock outcrop consists of exposures of bedrock on 
hill~. 

Figure 2.-lrrigated alfalfa on general map unit 5, near Gila. 
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Muzzler soils are on hills and mountains. The surface 
layer is dark grayish brown cobbly sandy loam, and the 
subsoil is very dark grayish brown and dark brown very 
cobbly clay. 

Of minor extent in this unit are deep Manzano, 
Ruidoso, and similar soils in drainage valleys and on 
alluvial fans, deep Lonti and Guy soils on old piedmont 
slopes, and moderately deep Abrazo soils on hills and 
mountains. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and recreation. Steepness of slope, depth to 
bedrock, areas of Rock outcrop, and small stones are 
the major limitations. Overgrazing leaves the soils in this 
unit subject to soil blowing and gullying and results in an 
increase in the number of undesirable plants. Livestock 
watering ponds can be constructed on some of the 
minor soils. 

The scattered areas of coniferous woodland and 
grassland provide excellent habitat for mule deer, gray 
fox, bobcat, scrub jay, rufous-sided towhee, red spotted 
toad, and black-tailed rattlesnake. Proper grazing 
management is needed to keep the habitat in good 
condition. 

7. Lonti-Manzano-Ustorthents 

Nearly level to extremely steep, well drained, deep and 
moderately deep soils; on hills and terraces 

This map unit is on elongated terraces and on 
rounded hills and mountains. Slope is 0 to 60 percent. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, and the average annual 
air temperature is 48 to 55 degrees F. 

This map unit makes up about 17 percent of the 
survey area. It is about 52 percent Lonti and similar soils, 
1 0 percent Manzano and similar soils, and 1 0 percent 
Ustorthents and similar soils. The remaining 28 percent 
is soils of minor extent. 

Lonti soils are deep and are on hills. The surface layer 
is brown gravelly loam, the subsoil is brown and reddish 
brown gravelly clay ahd gravelly clay loam, and the 
substrat.um is reddish yellow gravelly sandy clay loam. 

Manzano soils are deep and are on valley terraces. 
The surface layer is brown loam, and the subsoil and 
substratum are brown clay loam: 

Ustorthents are deep and moderately deep. They are 
on hills. No single profile is typical of Ustorthents, but in 
one commonly observed in this unit the surface layer is 
brown loam and the underlying material is brown very 
gravelly loam. 

Of minor extent in this unit are deep Paymaster, 
Ellicott, and similar soils in upland valleys and on valley 
sides, moderately deep Abrazo soils on hills, shallow 
Boysag and Santana soils and Lithic Ustorthents on hills 
and mountains, and deep Ruidoso, Judd, and Guy soils 
on alluvial fans and hills. All of these soils are well 
drained. 
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This unit is used mainly for livestock grazing and 
wildlife habitat. Steepness of slope and depth to bedrock 
are the main limitations for most uses. Overgrazing is a 
major management concern because it leaves the soils 
in this unit subject to water erosion and gullying and 
results in an increase in the number of undesirable 
plants. 

The scattered areas of grassland vegetation and 
shrubs on this unit support wildlife such as mule deer, 
desert cottontail, kangaroo rat, ground squirrel, and 
black-tailed jackrabbit. Proper grazing management is 
needed to keep the habitat in good condition. 

8. Jonale-Guy 

Moderately sloping to very steep, well drained, deep 
soils; on hills and ridges 

This map unit is on hills and ridges. Slope is 5 to 35 
percent. Elevation is 5,500 to 6,500 feet. The average 
annual precipitation is 12 to 16 inches, and the average 
annual air temperature is 48 to 55 degrees F. 

This unit makes up about 2 percent of the survey area. 
It is about 40 percent Jonale soils and 33 percent Guy 
soils. The remaining 27 percent is soils of minor extent. 

Jonale soils are on hills. The surface layer is dark 
grayish brown sandy clay loam, and the underlying 
material is grayish brown and pale brown sandy clay 
loam. 

Guy soils are on hills and ridges. The surface layer is 
dark grayish brown very cobbly loam, and the underlying 
material is light gray gravelly loam, gravelly sandy loam, 
and gravelly loamy sand. 

Of minor extent in this unit are shallow Boysag, 
Muzzler, and Santana soils on hillsides, deep Manzano 
and similar soils in upland drainageways, and Orthents 
and similar soils along eroded ridges and hillsides. All of 
these soils are well drained. 

This unit is used mainly for livestock grazing and 
wildlife habitat. Steepness of slope and a high content of 
calcium carbonate are the major limitations. Overgrazing 
is a major management concern because it leaves the 
soils in this unit subject to soil blowing and gullying and 
results in an increase in the number of undesirable 
plants. 

The intermingled small areas of grassland and 
coniferous forest in this unit provide habitat for mule 
deer, woodland cottontail, porcupine, gray fox, 
chickadee, woodpecker, and other associated species. 
Populations generally are low because the plant 
community is deteriorated. 

9. Santana-Rock outcrop-Lithic Ustorthents 
Gently sloping to very steep, well drained, shallow soils, 
and Rock outcrop; on hills and mountains 

This map unit is on broad hills and mountains that 
have some long and narrow ridges and ledges. Slope is 
1 to 65 percent. Elevation is 5,000 to 8,000 feet. The 
average annual precipitation is 1_ 2 to 16 inches, and the 
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average annual air temperature is 48 to 55 degrees F. 
This unit makes up about 5 percent of the survey area. 

It is about 40 percent Santana soils, 24 percent Rock 
outcrop, and 11 percent Lithic Ustorthents and similar 
soils. The remaining 25 percent is soils of minor extent. 

Santana soils are on hills. The surface layer is dark 
grayish brown loam, and the underlying material is dark 
grayish brown gravelly loam. 

Rock outcrop consists of exposures of rock. 
Lithic Ustorthents are on hills and mountains. No 

single profile is typical of Lithic Ustorthents, but in one 
commonly observed in this unit the surface layer is 
brown loam and the underlying material is yellowish 
brown gravelly loam. 

Of minor extent in this unit are shallow Boysag soils 
and Santa Fe and similar soils on hillsides; moderately 
deep Abrazo, Carnero, and similar soils on hillsides and 
ridges; deep Lonti soils on mesas and hills; and deep 
Manzano and similar soils in alluvial valleys. All of these 
soils are well drained. 

This unit is used mainly for livestock grazing and 
wildlife habitat. It is also used as woodland. Steepness 
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of slope, the hazard of erosion, and depth to rock are 
the major limitations for most uses. Overgrazing leaves 
the soils in this unit subject to soil blowing and gullying 
and results in an increase in the number of undesirable 
plants. 

The areas of woodland and grassland in this unit 
provide excellent habitat for many woodland wildlife 
species. The habitat has deteriorated because of 
improper grazing management, however, and wildlife 
populations are low. 

10. Santa Fe-Rock outcrop-Enclerro 

Nearly level to very steep, well drained, shallow and 
deep soils, and Rock outcrop; on hills 

This map unit is on hills that are broad and irregularly 
shaped (fig. 3). Slope is 0 to 45 percent. Elevation is 
5,000 to 7,000 feet. The average annual precipitation is 
12 to 16 inches, and the average annual air temperature 
is 48 to 55 degrees F. 

This map unit makes up about 5 percent of the survey 
area. It is about 23 percent Santa Fe soils, 17 percent 
Rock outcrop, 11 percent Encierro soils, and 9 percent 

Figure 3.-Typical area of general map unit 10, near Silver City. 
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Lonti soils. The remaining 40 percent is soils of minor 
extent. 

Santa Fe soils are shallow over igneous rock and have 
a high content of rock fragments. The surface layer is 
dark brown gravelly sandy loam, and the subsqil is dark 
brown very gravelly clay loam. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

Encierro soils are shallow over limestone. The surface 
layer is dark brown gravelly loam, and the subsoil is dark 
brown and dark reddish brown gravelly clay. 

Lonti soils are deep. The surface layer is brown 
gravelly loam, the subsoil is brown and reddish brown 
gravelly clay and gravelly clay loam, and the substratum 
is reddish yellow gravelly sandy clay loam. 

Of minor extent in this unit are deep Denver Variant, 
Gaddes, Lonti, and similar soils on pediment slopes and 
mesas, deep Manzano and Ruidoso soils on alluvial fans 
and in valleys, shallow Oro Grande, Abrazo, Boysag, and 
Santana soils on hillsides, and moderately deep Carnero 
and Dagflat soils in upland valleys. All of these soils are 
well drained. 

This unit is used mainly for livestock grazing, wildlife 
habitat, woodland, and urban development. Steepness of 
slope and depth to bedrock are the major limitations for 
most uses. Overgrazing is a major management concern 
because it leaves the soils in this unit subject to soil 
blowing and gullying and results in an increase in the 
number of undesirable plants. These soils should be 
carefully evaluated before they are used for foundations. 

The intermingled small areas of grassland and 
woodland in this unit provide excellent habitat for many 
woodland wildlife species, including winter range for elk. 

11. Plack-Lonti-Pits 

Nearly level to very steep, well drained, shallow and 
deep soils, and Pits; on broad terraces and hills 

This map unit is on broad terraces and hills. Slope is 0 
to 35 percent. Elevation is 5,300 to 6,000 feet. The 
average annual precipitation is 12 to 16 inches, and the 
average annual air temperature is 47 to 55 degrees F. 

This unit makes up about 2 percent of the survey area. 
It is about 34 percent Plack soils, 20 percent. Lonti soils, 
15 percent Pits, and 1 § percent Dumps. The remaining 
16 percent is soils of minor extent. 

Plack soils are shallow and are on broad terraces. The 
surface layer is brown gravelly loam, the subsoil is brown 
and reddish brown gravelly clay and gravelly clay loam, 
and the substratum is reddish yellow gravelly sandy clay 
loam. 

Lonti soils are deep and are on hills. The surface layer 
is brown gravelly loam, the subsoil is brown and reddish 
brown gravelly clay and gravelly clay loam, and the 
substratum is reddish yellow gravelly sandy clay loam. 
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Pits are open excavations from which soil material has 
been removed, exposing rock or other material that 
supports little if any plant life. 

Dumps are areas of accumulations of waste rock, 
mine spoils, and other refuse that support little if any 
plant life. 

Of minor extent in this unit are deep Lonti, Guy, and 
similar soils on terraces and mesas, deep Paymaster and 
similar soils along the drainageways, and shallow Plack 
Variant soils on terraces and ridges. All of these soils 
are well drained. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and urban development. The major limitations for 
most uses are depth to caliche and steepness of slope. 
Overgrazing is a major management concern because it 
leaves the soils in this unit subject to soil blowing and 
gullying and results in an increase in the number of 
undesirable plants. If this unit is used as urban land, 
pipes should have cathode protection because of the 
high content of calcium in the soils. 

This unit supports Chihuahuan Desert scrub 
vegetation. Because the unit is used mainly for grazing, 
its present capacity to support wildlife is well below its 
potential. 

12. Arldlc Haplustalfs-Typic Ustorthents 

Moderately sloping to extremely steep, well drained, 
deep and moderately deep soils; on hills and mountains 

This map unit consists of broad areas on hills and 
mountains. Slope is 15 to 80 percent. Elevation is 5,000 
to 6,000 feet. The average annual precipitation is 12 to 
15 inches, and the average annual air temperature is 52 
to 57 degrees F. 

This unit makes up about 2 percent of the survey area. 
It is about 45 percent Aridic Haplustalfs and similar soils 
and 45 percent Typic Ustorthents and similar soils. The 
remaining 1 0 percent is components of minor extent. 

Aridic Haplustalfs and Typic Ustorthents are loamy and 
have a high content of rock fragments throughout. 

Of minor extent in this unit are well drained Cumulic 
Haplustolls and Typic Ustipsamments and areas of 
Riverwash. 

This unit is used mainly for livestock grazing, wildlife 
habitat, and recreation. Steepness of slope is the main 
limitation for most uses. Overgrazing is a major 
management concern because it leaves the soils in this 
unit subject to water erosion and gullying and results in 
an increase in the number of undesirable plants. 

This unit supports scattered shrubs that provide 
habitat for wildlife such as mule deer, desert cottontail, 
kangaroo rat, ground squirrel, and black-tailed jackrabbit. 
Proper grazing management is needed to keep the 
habitat in good condition. 
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13. Lithic Haplustalfs-Lithlc Haplustalfs, moist-Typic 
Haplustalfs 

Moderately sloping to extremely steep, well drained, 
shallow and deep soils; on hills and mountains 

This map unit consists of broad areas on hills and 
mountains. Slope is 15 to 80 percent. Elevation is 5,500 
to 8,000 feet. The average annual precipitation is 13 to 
19 inches, and the average annual air temperature is 48 
to 56 degrees F. 

This unit makes up about 8 percent of the survey area. 
It is about 30 percent Lithic Haplustalfs and similar soils; 
30 percent Lithic Haplustalfs, moist, and similar soils; 
and 30 percent Typic Haplustalfs and similar soils. The 
remaining 1 0 percent is soils of minor extent. 

Lithic Haplustalfs are shallow. These soils are loamy 
and have a high content of rock fragments throughout. 

Lithic Haplustalfs, moist, are shallow. These soils are 

loamy and have a high content of rock fragments 
throughout. 

Typic Haplustalfs are deep. They are loamy 
throughout. 

Of minor extent in this unit are Lithic Ustorthents; 
Lithic Ustorthents, moist; Lithic Haploborolls, warm; and 
Udic Ustochrepts. All of these soils are well drained and 
are on hills and mountains. 

This unit is used mainly for livestock grazing and 
wildlife habitat and as a source of firewood. Steepness 
of slope and depth to bedrock are the main limitations 
for most uses. Overgrazing is a major management 
concern because it leaves the soils in this unit subject to 
water erosion and gullying and results in an increase in 
the number of undesirable plants. 

This unit supports woodland and grassland. It has the 
potential to provide excellent habitat for many woodland 
wildlife species. The condition of the habitat has 
deteriorated because of improper grazing management, 
however, and wildlife populations are low. 
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Part II. Privately owned land 

This part describes the detailed map units in the areas 
of privately owned land. It discusses the use and 
management of soils, gives the classification of the soils, 
and discusses the taxonomic units and their morphology. 

Detailed soil map units 
The map units on the detailed soil maps at the back of 

this survey represent the soils in the survey area. The 
map unit descriptions in this section, along with the soil 
maps, can be used to determine the suitability and 
potential of a soil for specific uses. They also can be 
used to plan the management needed for those uses. 
More information on each map unit, or soil, is given 
under "Use and management of the soils." 

Each map unit on the detailed soil maps represents an 
area on the landscape and consists of one or more soils 
for which the unit is named. 

A symbol identifying the soil precedes the map unit 
name in the soil descriptions. Each description includes 
general facts about the soil and gives the principal 
hazards and limitations to be considered in planning for 
specific uses. 

Soils that have profiles that are almost alike make up 
a soil series. Except for differences in texture of the 
surface layer or of the underlying material, all the soils of 
a series have major horizons that are similar in 
composition, thickness, and arrangement. 

Soils of one series can differ in texture of the surface 
layer or of the underlying material. They also can differ in 
slope, stoniness, salinity, wetness, degree of erosion, 
and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil 
phases. Most of the areas shown on the detailed soil 
maps are phases of soil series. The name of a soil 
phase commonly indicates a feature that affects use or 
management. For example, Manzano loam, 0 to 1 
percent slopes, is one of several phases in the Manzano 
series. 

Some map units are made up of two or more major 
soils. These map units are called soil complexes or soil 
associations. 

A soil complex consists of two or more soils in such 
an intricate pattern or in such small areas that they 
cannot be shown separately on the soil maps. The 
pattern and proportion of the soils are somewhat similar 

in all areas. Paymaster-Ellicott complex, 1 to 3 percent 
slopes, is an example. 

A soil association is made up of two or more 
geographically associated soils that are shown as one 
unit on the maps. Because of present or anticipated soil 
uses in the survey area, it was not considered practical 
or necessary to map the soils separately. The pattern 
and relative proportion of the soils are somewhat similar. 
Lonti-Manzano association, 1 to 25 percent slopes, is an 
example. 

Most map units include small scattered areas of soils 
other than those for which the map unit is named. Some 
of these included soils have properties that differ 
substantially from those of the major soil or soils. Such 
differences could significantly affect use and 
management of the soils in the map unit. The included 
soils are identified in each map unit description. Some 
small areas of strongly contrasting soils are identified by 
a special symbol on the soil maps. 

This survey includes miscellaneous areas. Such areas 
have little or no soil material and support little or no 
vegetation. Riverwash is an example. Miscellaneous 
areas are shown on the soil maps. Some that are too 
small to be shown are identified by a special symbol on 
the soil maps. 

Table 2 gives the acreage and proportionate extent of 
each map unit. Other tables (see "Summary of tables") 
give properties of the soils and the limitations, 
capabilities, and potentials for many uses. The Glossary 
defines many of the terms used in describing the soils. 

Map unit descriptions 

1-Abrazo-Luzena complex, 3 to 15 percent 
slopes. This map unit is on hills, ridges, and benches. 
Areas are oval in shape and are 300 to 1 ,000 acres in 
size. The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 50 percent Abrazo cobbly clay loam, 3 to 
15 percent slopes, and 25 percent Luzena cobbly loam, 
5 to 15 percent slopes. The components of this unit are 
so intricately intermingled that it was not practical to map 
them separately at the scale used. 
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Included in this unit are small areas of Muzzler soils on 
hills and mountains, Ruidoso soils on alluvial fans and 
terraces, Manzano soils in valleys and drainageways, 
and Rock outcrop on ridges and ledges. Included areas 
make up about 25 percent of the total acreage. 

The Abrazo soil is moderately deep and well drained. 
It formed in residuum derived dominantly from rhyolite 
and other acid igneous rock. Typically, the surface layer 
is dark grayish brown cobbly clay loam about 4 inches 
thick. The upper part of the subsoil is dark brown clay 
about 20 inches thick, and the lower part is dark 
yellowish brown gravelly clay about 4 inches thick. 
Rhyolite is at a depth of 28 inches. 

Permeability of the Abrazo soil is slow. Available water 
capacity is low. Effective rooting depth is 21 to 40 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is slight. 

The Luzena soil is shallow and well drained. It formed 
in residuum derived dominantly from andesite and 
rhyolite. Typically, the surface layer is brown cobbly loam 
about 3 inches thick. The subsoil is dark brown and 
reddish brown clay about 9 inches thick. Andesite is at a 
depth of 12 inches. 

Permeability of the Luzena soil is slow. Available water 
capacity is very low. Effective rooting depth is 7 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing. 
The potential plant community ori this unit is mainly 

blue grama, sideoats grama, western wheatgrass, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, curlymesquite, tobosa, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 300 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the depth to rock and clayey texture. 
Range management practices such as deferred-rotation 
grazing, proper grazing use, and water development are 
suited to this unit. 

Use of grazing systems that vary the seasons of 
grazing and rest during successive years promotes a 
balanced plant community that provides high-quality 
forage throughout the year. Compacting the seedbed 
produces better contact between the seed and the soil. 
Deferring livestock grazing for a year permits more 
seedlings to become established. 

2-Abrazo-Luzena complex, 15 to 45 percent 
slopes. This map unit is on hills, mountains, and ridges. 
Slope is 15 to 45 percent. Areas are oval in shape and 
are 30 to 350 acres in size. The native vegetation is 
mainly grasses and shrubs. Elevation is 5,500 to 7,000 
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feet. The average annual precipitation is 12 to 16 inches, 
the average annual air temperature is 48 to 55 degrees 
F, and the average frost-free period is 150 to 180 days. 

This unit is 55 percent Abrazo very cobbly clay loam 
and 25 percent Luzena gravelly clay loam. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Encierro soils 
on hills; Santa Fe, Santana, and Muzzler soils on hills 
and ridges; and Rock outcrop on ridges and ledges. 
Included areas make up about 20 percent of the total 
acreage. 

The Abrazo soil is moderately deep and well drained. 
It formed in colluvium and residuum derived dominantly 
from acid igneous rock. Typically, the surface layer is 
dark grayish brown very cobbly clay loam about 2 inches 
thick. The subsoil is dark brown, brown, and dark reddish 
gray clay about 25 inches thick. Acid igneous rock is at a 
depth of 27 inches. 

Permeability of the Abrazo soil is slow. Available water 
capacity is very low to low. Effective rooting depth is 21 
to 40 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is slight. 

The Luzena soil is shallow and well drained. It formed 
in colluvium and residuum derived dominantly from acid 
igneous rock. Typically, the surface layer is dark brown 
gravelly clay loam about 1 inch thick. The subsoil is dark 
brown clay about 13 inches thick. Acid igneous rock is at 
a depth of 14 inches. 

Permeability of the Luzena soil is slow. Available water 
capacity is very low. Effective rooting depth is 7 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and as 
woodland. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, New Mexico 
feathergrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and clayey texture. 

Range management practices such as deferred
rotation ·grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 



Grant County, New Mexico, Central and Southern Parts 

efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to juniper and pinyon 
production. It supports stands with a basal area of about 
1 0 square feet per acre. The potential for post 
production is fair, and the potential for Christmas trees, 
pinyon nuts, and firewood production is poor. To prevent 
deterioration of the woodland, the stands of pinyon and 
juniper on this unit can be managed for a combination of 
uses, including firewood production. 

3-Anthony fine sandy loam, 1 to 3 percent slopes. 
This deep and well drained soil is on flood plains. It 
formed in alluvium derived from mixed sources. Areas 
are oblong in shape and are 5 to 50 acres in size. The 
native vegetation is mainly grasses and forbs. Elevation 
is 4,000 to 5,500 feet. The average annual precipitation 
is 8 to 12 inches, the average annual air temperature is 
58 to 62 degrees F, and the average frost-free period is 
180 to 220 days. 

Typically, the surface layer is pale brown fine sandy 
loam about 4 inches thick. The substratum to a depth of 
60 inches or more is dominantly pale brown and brown 
fine sandy loam and loamy fine sand, but in places there 
are thin strata that range from sand to silty clay. 

Included in this unit are small areas of Anthony soils 
that have slopes of 0 to 1 percent, Gila Variant soils on 
flood plains, and Riverwash along stream channels. 
Included areas make up about 15 percent of the total 
acreage. 

Permeability of this Anthony soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. This soil is subject to rare, very brief 
periods of flooding from June through September. 

Most areas of this unit are used for irrigated crops and 
pasture. A few areas are used for livestock grazing. 

If this unit is used for irrigated crops and pasture, the 
main limitations are the hazards of soil blowing and 
flooding. Furrow, border, corrugation, and sprinkler 
irrigation systems are suited to most crops on this unit. 
Drip irrigation is suited to orchards. Maintaining crop 
residue on or near the surface reduces runoff, reduces 
soil blowing, and helps to maintain organic matter 
content. Yields of crops can be maintained or increased 
by using fertilizer. Most crops, except legumes, respond 
to nitrogen. Legumes respond to phosphate. The risk of 
flooding can be reduced by the use of dikes, levees, and 
diversions. Rotation grazing helps to maintain the quality 
and quantity of forage. 

The potential plant community on this unit is mainly 
giant sacaton, alkali sacaton, tobosa, and vine-mesquite. 
As the plant community deteriorates, the more desirable 
forage plants decrease and burrograss, threeawn, 
feather fingergrass, and mat muhly, which commonly 
make up only a small part of the potential plant 
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community, increase. The average annual production of 
air-dry vegetation ranges from 3,000 pounds per acre in 
favorable years to 600 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the hazard of soil blowing, droughtiness, 
low precipitation, and the hazard of flooding. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is poorly suited to windbreaks and 
environmental plantings. The main limitations are the 
hazards of soil blowing and flooding. The hazard of soil 
blowing can be reduced by cultivating only in the tree 
rows and by leaving a strip of vegetation between the 
rows. Among the trees that are suitable for planting are 
blue spruce, Rocky Mountain juniper, and Russian-olive. 
Among the shrubs are autumn-olive and desertwillow. 

4-Boysag clay loam, 15 to 35 percent slopes. This 
shallow and well drained soil is on hills. It formed in 
residuum derived dominantly from conglomerate. Areas 
are elongated in shape and are 20 to 1 ,000 acres in 
size. The native vegetation is mainly grasses and forbs. 
Elevation is 5,500 to 6,500 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

Typically, the surface layer is reddish brown clay loam 
about 2 inches thick. The subsoil is reddish brown clay 
and gravelly clay about 12 inches thick. Strongly 
cemented conglomerate is at a depth of 14 inches. 

Included in this unit are small areas of Lonti soils on 
hills and ridges, Denver Variant soils on hills, Plack 
Variant soils on ridges, and Manzano soils along 
drainageways. Included areas make up about 15 percent 
of the total acreage. 

Permeability of the Boysag soil is slow. Available water 
capacity is very low. Effective rooting depth is 6 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum_, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
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1,100 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and clayey texture. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are depth to rock, slope, low soil 
strength, and high shrink-swell potential. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

5-Boysag-Abrazo-Santana complex, 3 to 20 
percent slopes. This map unit is on hills and ridges. 
Areas are oval in shape and are 1 00 to 5,000 acres in 
size. The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 35 percent Boysag sandy clay loam, 3 to 
20 percent slopes; 30 percent Abrazo sandy loam, 3 to 
20 percent slopes; and 15 percent Santana sandy loam, 
5 to 15 percent slopes. The components of this unit are 
so intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
in upland valleys, Lonti and Santa Fe soils on hills, and 
Rock outcrop on side slopes, ledges, and ridges. 
Included areas make up about 20 percent of the total 
acreage. 

The Boysag soil is shallow and well drained. It formed 
in residuum and colluvium derived dominantly from 
conglomerate and igneous rock. Typically, the surface 
layer is dark brown sandy clay loam about 3 inches 
thick. The subsoil is reddish brown clay loam about 15 
inches thick. Igneous rock is· at a depth of 18 inches. 

Permeability of the Boysag soil is slow. Available water 
capacity is very low. Effective rooting depth is 6 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

The Abrazo soil is moderately deep and well drained. 
It formed in residuum and colluvium derived dominantly 
from acid igneous rock. Typically, the surface layer is 
brown sandy loam about 1 0 inches thick. The subsoil is 
reddish brown clay about 15 inches thick. Acid igneous 
rock is at a depth of 25 inches. 

Permeability of the Abrazo soil is slow. Available water 
capacity is low. Effective rooting depth is 21 to 40 
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inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is high. 

The Santana soil is shallow and well drained. It formed 
in residuum derived dominantly from acid igneous rock. 
Typically, the surface layer is dark brown sandy loam 
about 4 inches thick. The substratum is dark brown 
sandy clay loam about 1 0 inches thick. Acid igneous 
rock is at a depth of about 14 inches. 

Permeability of the Santana soil is moderate. Available 
water capacity is very low. Effective rooting depth is 4 to 
16 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is high. 

This unit is used for livestock grazing. 
The potential plant community on the Boysag soil is 

mainly sideoats grama, black grama, blue grama, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

The potential plant community on the Abrazo and 
Santana soils is mafnly sideoats gra(Tla, blue grama, 
black grama, and plains lovegrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and threeawn, bullgrass, hairy grama, and 
broom snakeweed, which commonly make up only a 
small part of the potential plant community, increase. 
The average annual production of air-dry vegetation 
ranges from 1,300 pounds per acre in favorable years to 
450 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and the hazard of 
soil blowing. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promote~ a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

6-Bucklebar-Sonolta-Contlnental association, 1 to 
8 percent slopes. This map unit is mainly on plains and 
alluvial fans and in drainageways. Areas are irregular in 
shape and are 50 to 5,000 acres in size. The native 
vegetation is mainly grasses and forbs. Elevation is 
4,000 to 5,500 feet. The average annual precipitation is 
8 to 12 inches, the average annual air temperature is 58 
to 62 degrees F, and the average frost-free period is 180 
to 220 days. 

This unit is 40 percent Bucklebar sandy loam, 1 to 5 
percent slopes; 30 percent Sonoita loamy sand, 1 to 8 
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percent slopes; and 15 percent Continental sandy loam, 
1 to 2 percent slopes. The Bucklebar soil is on plains 
and alluvial fans, the Sonoita soil is on alluvial fans, and 
the Continental soil is in drainageways and depressional 
areas. 

Included in this unit are small areas of Stellar soils on 
plains and in depressional areas, Mohave soils on 
uplands, and Tres Hermanos soils on plains and fans. 
Included areas make up about 15 percent of the total 
acreage. 

The Bucklebar soil is deep and well drained. It formed 
in alluvium derived dominantly from mixed igneous and 
sedimentary rock. Typically, the surface layer is brown 
sandy loam about 3 inches thick. The subsoil is reddish 
brown clay loam and sandy clay loam about 31 inches 
thick. The substratum to a depth of 60 inches or more is 
reddish brown sandy clay loam. 

Permeability of the Bucklebar soil is moderate. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
high. 

The Sonoita soil is deep and well drained. It formed in 
alluvium derived from mixed igneous and sedimentary 
rock. Typically, the surface layer is brown loamy sand 
about 4 inches thick. The subsoil is brown sandy loam 
about 41 inches thick. The substratum to a depth of 60 
inches or more is light brown gravelly loamy sand. 

Permeability of the Sonoita soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is very high. 

·The Continental soil is deep and well drained. It 
formed in alluvium derived from mixed igneous and 
sedimentary rock. Typically, the surface layer is brown 
san<;ly loam about 7 inches thick. The subsoil is reddish 
brown and light reddish brown sandy clay and clay about 
32 inches thick. The substratum to a depth of 60 inches 
or more is light reddish brown silty clay loam. 

Permeability of the Continental soil is slow. Available 
water capacity is moderate to high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is high. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, mesa dropseed, sand dropseed, and plains 
bristlegrass. As the plant community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
threeawn, and broom snakeweed, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 700 pounds per acre in 
favorable years to 250 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the hazards of soil blowing and seepage 
and low precipitation. 
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Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

7-Carnero-Santa Fe complex, 5 to 15 percent 
slopes. This map unit is on ridges, hills, and valley sides. 
Areas are irregular in shape and are 1 0 to 200 acres in 
size. The native vegetation is mainly grasses and forbs. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 40 percent Carnero fine sandy loam, 5 to 8 
percent slopes, and 30 percent Santa Fe gravelly sandy 
loam, 5 to 15 percent slopes. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included In this unit are small areas of Manzano soils 
on valley bottoms and valley sides, Santana and Dagflat 
soils on ridgetops and valley sides, and Rock outcrop on 
ridges and ledges. Included areas make up about 30 
percent of the total acreage. 

The Camero soil is moderately deep and well drained. 
It formed in residuum derived from shale and sandstone 
and mixed with local alluvium. Typically, the surface layer 
is brown fine sandy loam about 3 inches thick. The 
subsoil is brown clay loam and silty clay loam about 31 
inches thick. Weathered sandstone is at a depth of 34 
inches. 

Permeability of the Carnero soil is slow. Available 
water capacity is moderate. Effective rooting depth is 25 
to 34 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is high. 

The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is dark brown gravelly 
sandy loam about 3 inches thick. The subsoil is dark 
brown very gravelly loam and very gravelly clay loam 
about 15 inches thick. Acid igneous rock is at a depth of 
18 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

This unit is used for livestock grazing and urban 
development. 



18 

The potential plant community on the Carnero soil is 
mainly blue grama, sideoats grama, black grama, and 
tobosa. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
fluffgrass, broom snakeweed, and burrograss, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 875 pounds 
per acre in favorable years to 300 pounds in unfavorable 
years. 

The potential plant community on the Santa Fe soil is 
mainly black grama, New Mexico feathergrass, sideoats 
grama, and blue grama. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, ring muhly, and sand dropseed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry veg·etation ranges from 1 ,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock and rock fragments in the 
soils. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are depth to rock, slope, and shrink
swell potential. If buildings are constructed on this unit, 
properly designing foundations and footings and diverting 
runoff away from buildings help to prevent structural 
damage because of shrinking and swelling. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

a-Conger gravelly loam, 0 to 5 percent slopes. 
This shallow and well drained soil is on old alluvial 
terraces and alluvial fans. It formed in alluvium derived 
from mixed sources. Areas are elongated in shape and 
are 50 to 1 ,000 acres in size. The native vegetation is 
mainly grasses and forbs. Elevation is 4,000 to 5,500 
feet. The average annual precipitation is 8 to 12 inches, 
the average annual air temperature is 58 to 62 degrees 
F, and the average frost-free period is 180 to 220 days. 

Typically, the surface layer is grayish brown gravelly 
loam about 2 inches thick. The next layer is brown clay 
loam about 11 inches thick. Indurated caliche is at a 
depth of 13 inches. 

Included in this unit are small areas of Stellar and 
Mohave soils in depressional areas and on alluvial fans 
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and a soil, on alluvial fans and terraces, that is similar to 
this Conger soil but is underlain by moderately cemented 
caliche. Included areas make up about 15 percent of the 
total acreage. 

Permeability of the Conger soil is moderate. Available 
water capacity is very low. Effective rooting depth is 10 
to 20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

bush muhly, black grama, Arizona cottontop, and 
creosotebush. As the plant community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
sand dropseed, and burrograss, which commonly make 
up only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 500 pounds per acre in favorable 
years to 125 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to indurated caliche, droughtiness, 
and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

9-Conger-Stellar association, 0 to 5 percent 
slopes. This map unit is on upland ridges and alluvial 
fans and in depressional areas and drainageways. Areas 
are irregular in shape and are 50 to 1 ,200 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,000 feet. The average annual 
precipitation is 8 to 12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 60 percent Conger fine sandy loam, 0 to 5 
percent slopes, and 30 percent Stellar sandy clay loam, 
0 to 2 percent slopes. The Conger soil is on upland 
ridges and alluvial fans, and the Stellar soil is on alluvial 
fans and in depressional areas and along drainageways. 

Included in this unit are small areas of Mimbres soils 
on plains and in playas and Mohave and Tres Hermanos 
soils on alluvial fans. Included areas make up about 10 
percent of the total acreage. 

The Conger soil is shallow and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark grayish brown fine sandy loam 
about 1 inch thick. The subsurface layer is dark grayish 
brown sandy clay loam about 5 inches thick. The 
substratum is brown gravelly clay loam about 4 inches 
thick. Indurated caliche is at a depth of about 10 inches. 
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Permeability of the Conger soil is moderate. Available 
water capacity is very low. Effective rooting depth is 1.0 
to 20 inches. Runoff is medium, and the hazard of water 
erosion is slight. The hazard of soil blowing is high. 

The Stellar soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is light brown sandy clay loam about 6 
inches thick. The subsoil is reddish brown clay loam 
about 20 inches thick. The substratum to a depth of 60 
inches or more is light reddish brown clay loam. 

Permeability of the Stellar soil is slow. Available water 
capacity is high. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on the Conger soil is 

mainly bush muhly, black grama, Arizona cottontop, and 
creosotebush. As the plant community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
sand dropseed, and burrograss, which commonly make 
up only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 500 pounds per acre in favorable 
years to 125 pounds in unfavorable years. 

The potential plant community on the Stellar soil is 
mainly black grama, bush muhly, tobosa, and sand 
dropseed. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, ring muhly, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 600 pounds per acre in 
favorable years to 200 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to caliche in the Conger soil, clayey 
texture, and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

10-Continentai-Nickel association, o to 15 percent 
slopes. This map unit is on dissected pediments, plains, 
and alluvial fans. Areas are elongated in shape and are 
50 to 1 ,500 acres in size. The native vegetation is mainly 
grasses and shrubs. Elevation is 4,000 to 5,500 feet. The 
average annual precipitation is 8 to 12 inches, the 
average annual air temperature is 58 to 62 degrees F, 
and the average frost-free period is 180 to 220 days. 

This unit is 50 percent Continental sandy clay loam, 0 
to 2 percent slopes, and 30 percent Nickel gravelly 
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sandy loam, 2 to 15 percent slopes. The Continental soil 
is on plains and alluvial fans, and the Nickel soil is on 
alluvial fans and pediments. 

Included in this unit are small areas of Tres Hermanos 
soils on plains and alluvial fans, Riverwash in stream 
channels, and Orthids on ridges. Included areas make up 
about 20 percent of the total acreage. 

The Continental soil is deep and well drained. It 
formed in alluvium derived from mixed sources. Typically, 
the surface layer is reddish brown sandy clay loam about 
5 inches thick. The subsoil is reddish brown and 
yellowish red clay loam and clay about 19 inches thick. 
The substratum to a depth of 60 inches or more is pink 
and reddish brown gravelly sandy clay loam. 

Permeability of the Continental soil is slow. Available 
water capacity is moderate to high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. 

The Nickel soil is deep and well drained. It formed in 
old alluvium derived from mixed sources. Typically, the 
surface layer is pinkish gray gravelly sandy loam about 8 
inches thick. The subsoil is pinkish gray gravelly sandy 
loam about 11 inches thick. The substratum to a depth 
of 60 inches or more is pinkish gray very gravelly loamy 
sand. 

Permeability of the Nickel soil is moderately slow. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
high. 

This unit is used for livestock grazing. 
The potential plant community on the Continental soil 

is mainly tobosa, black grama, alkali sacaton, and vine
mesquite. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, mat muhly, and mesquite, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 675 pounds per acre in 
favorable years to 275 pounds in unfavorable years. 

The potential plant community on the Nickel soil is 
mainly bush muhly, black grama, creosotebush, and 
Arizona cottontop. As the plant community deteriorates, 
the more desirable forage plants decrease and 
fluffgrass, sand dropseed, and burrograss, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 500 pounds 
per acre in favorable years to 125 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. The main 
limitations are the clayey texture of the Continental soil, 
slope, the high content of lime in the Nickel soil, and low 
precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
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development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

11-Dagflat-Santa Fe complex, 1 to 25 percent 
slopes. This map unit is in intraridge valleys and on hills. 
Areas are irregular in shape and are 1 0 to 250 acres in 
size. The native vegetation is mainly grasses, forbs, and 
shrubs. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 45 percent Dagflat loam, 1 to 15 percent 
slopes, and 30 percent Santa Fe gravelly sandy loam, 5 
to 25 percent slopes. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Santana soils 
on hills and ridges, Manzano soils on valley bottoms, 
Camero soils in intraridge valleys and on valley sides, 
and Rock outcrop on ridges and ledges. Included areas 
make up about 25 percent of the total acreage. 

The Dagflat soil is moderately deep and well drained. 
It formed in residuum derived dominantly from acid 
igneous rock. Typically, the surface layer is brown loam 
about 8 inches thick. The subsoil is brown and dark 
reddish gray sandy clay loam and gravelly sandy clay 
loam about 23 inches thick. Acid igneous rock is at a 
depth of 31 inches. 

Permeability of the Dagflat soil is moderate. Available 
water capacity is low to moderate. Effective rooting 
depth is 21 to 40 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is dark brown gravelly 
sandy loam about 2 inches thick. The subsoil is dark 
brown very gravelly loam and very gravelly clay loam 
about 16 inches thick. Acid igneous rock is at a depth of 
18 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on the Dagflat soil is 
mainly sideoats grama, blue grama, black grama, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
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and threeawn, fluffgrass, sand dropseed, and ring muhly; 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

The potential plant community on the Santa Fe soil is 
mainly sideoats grama, blue grama, black grama, and 
plains lovegrass. As the plant community deteriorates, 
the more desirable forage plants decrease and 
threeawn, bullgrass, hairy grama, and broom snakeweed, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use. of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. Compacting the seedbed produces 
better contact between the seed and the soil. Deferring 
livestock grazing for a year permits more seedlings to 
become established. 

This unit is poorly suited to urban development. The 
main limitations are slope, rock fragments in the soils, 
and depth to rock. In summer, irrigation is needed for 
lawn grasses, shrubs, vines, shade trees, and 
ornamental trees. 

12-Enclerro-Rock outcrop complex, 8 to 30 
percent slopes. This map unit is on hills and ridges. 
Areas are oval in shape and are 50 to 4,000 acres in 
size. The native vegetation is mainly pinyon, juniper, and 
grasses. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 55 percent Encierro gravelly loam, 8 to 30 
percent slopes, and 25 percent Rock outcrop. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Oro Grande 
soils on hills, Manzano soils in valleys, Ruidoso soils on 
terraces and alluvial fans, and Santa Fe soils on hills. 
Included areas make up about 20 percent of the total 
acreage. 

The Encierro soil is shallow and well drained. It formed 
in residuum derived dominantly from limestone. Typically, 
the surface layer is dark brown gravelly loam about 2 
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inches thick. The subsoil is dark brown gravelly clay 
about 7 inches thick. Limestone is at a depth of 9 
inches. 

Permeability of the Encierro soil is slow. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing and as 
woodland. 

The potential plant community on the Encierro soil in 
this unit is mainly sideoats grama, juniper, blue grama, 
black grama, and plains lovegrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and threeawn, bullgrass, hairy grama, and 
broom snakeweed, which commonly make up only a 
small part of the potential plant community, increase. 
The average annual production of air-dry vegetation 
ranges from 1 ,300 pounds per acre in favorable years to 
450 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are areas of Rock outcrop, depth to rock of 
the Encierro soil, and slope. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is well suited to pinyon and juniper 
production. It supports stands with a basal area of about 
70 square feet per acre. The potential for firewood 
production is excellent, and the potential for Christmas 
trees, pinyon nuts, mine supports, and fenceposts is 
good. To prevent deterioration of the woodland, the 
stands of pinyon and juniper on this unit can be 
managed for a combination of uses, including firewood 
production. 

13-Enclerro-Rock outcrop complex, 15 to 35 
percent slopes. This map unit is on hills and ridges. 
Areas are oval in shape and are 1 0 to 600 acres in size. 
The native vegetation is mainly pinyon, juniper, and 
grasses. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F. and the 
average frost-free period is 150 to 180 days. 

This unit is 45 percent Encierro gravelly loam, 15 to 35 
percent slopes, and 25 percent Rock outcrop. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 
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Included in this unit are small areas of Oro Grande 
soils on hills, Manzano soils in valleys, Ruidoso soils on 
terraces and alluvial fans, and Santa Fe soils on hills. 
Also included are small areas of Encierro soils that have 
slopes of 5 to 15 percent. Included areas make up about 
30 percent of the total acreage. 

The Encierro soil is shallow and well drained. It formed 
in residuum derived dominantly from limestone. Typically, 
the surface layer is dark brown gravelly loam about 2 
inches thick. The subsoil is dark brown and dark reddish 
brown gravelly clay about 7 inches thick. Limestone is at 
a depth of 9 inches. 

Permeability of the Encierro soil is slow. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing and as 
woodland. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, pinyon, plains 
lovegrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are areas of Rock outcrop, depth to rock of 
the Encierro soil, and slope. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is well suited to pinyon and juniper 
production. It supports stands with a basal area of about 
80 square feet per acre. The potential for firewood 
production is excellent, and the potential for Christmas 
trees, pinyon nuts, mine supports, and fenceposts is 
good. To prevent deterioration of the woodland, the 
stands of pinyon and juniper on this unit can be 
managed for a combination of uses, including firewood 
production. 

14-Gaddes-Ruldoso complex, 3 to 15 percent 
slopes. This map unit is on the sides of ridges and on 
alluvial fans. Areas are irregular in shape and are 1 0 to 
200 acres in size. The native vegetation is mainly 
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grasses and shrubs. Elevation is 5,500 to 7,000 feet. The 
average annual precipitation is 14 to 16 inches, the 
average annual air temperature is' 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 50 percent Gaddes gravelly sandy loam, 5 
to 15 percent slopes, and 35 percent Ruidoso clay loam, 
3 to 8 percent slopes. The components of this unit are 
so intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Santa Fe soils 
on hills and ridges, Rock outcrop on ridges and ledges, 
Manzano soils in valleys, and Riverwash in stream 
channels. Included areas make up about 15 percent of 
the total acreage. 

The Gaddes soil is moderately deep and well drained. 
It formed in residuum derived dominantly from acid 
igneous rock. Typically, the surface layer is brown 
gravelly sandy loam about 2 inches thick. The subsoil is 
brown and strong brown gravelly sandy clay loam about 
20 inches thick. Weathered granite is at a depth of 22 
inches. 

Permeability of the Gaddes soil is moderately slow. 
Available water capacity is very low to low. Effective 
rooting depth is 30 to 40 inches. Runoff is medium, and 
the hazard of water erosion is moderate. The hazard of 
soil blowing is high. 

The Ruidoso soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is dark grayish brown clay loam about 3 
inches thick. The upper part of the subsoil is dark 
grayish brown, brown, and pale brown clay about 4 7 
inches thick, and the lower part to a depth of 60 inches 
or more is yellowish brown sandy clay. 

Permeability of the Ruidoso soil is slow. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on the Gaddes soil is 
mainly sideoats grama, blue grama, black grama, and 
plains lovegrass. As the plant community deteriorates, 
the more desirable forage plants decrease and 
threeawn, bullgrass, hairy grama, and broom snakeweed, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

The potential plant community on the Ruidoso soil is 
mainly blue grama, sideoats grama, black grama, and 
tobosa. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
fluffgrass, broom snakeweed, and burrograss, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
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production of air-dry vegetation ranges from 875 pounds 
per acre in favorable years to 300 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock of the Gaddes soil and the 
clayey texture of the Ruidoso soil. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
management are suited to this unit. Use of grazing 
systems that vary the seasons ·of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is suited to urban development. The main 
limitations are slope, the clayey texture of the Ruidoso 
soil, shrink-swell potential, and depth to rock of the 
Gaddes soil. If buildings are constructed on this unit, 
properly designing foundations and footings and diverting 
runoff away from buildings help to prevent structural 
damage because of shrinking and swelling. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

15-Gaddes-Santa Fe-Rock outcrop complex, 15 to 
45 percent slopes. This map unit is on ridges and hills. 
Areas are irregular in shape and are 1 0 to 1 00 acres in 
size. The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 14 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 55 percent Gaddes gravelly sandy loam, 
15 to 35 percent slopes; 15 percent Santa Fe gravelly 
sandy loam, 15 to 45 percent slopes; and 15 percent 
Rock outcrop. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Santana soils 
on ridges, Manzano soils in valleys, Carnero soils on 
hills, and Riverwash in drainage channels. Included 
areas make up about 15 percent of the total acreage. 

The Gaddes soil is moderately deep and well drained. 
It formed in residuum derived dominantly from acid 
igneous rock. Typically, the surface layer is brown 
gravelly sandy loam about 2 inches thick. The subsoil is 
brown and strong brown gravelly sandy clay loam about 
20 inches thick. Weathered granite is at a depth of 22 
inches. 

Permeability of the Gaddes soil is moderately slow. 
Available water capacity is very low to low. Effective 
rooting depth is 30 to 40 inches. Runoff is medium, and 
the hazard of water erosion is moderate. The hazard of 
soil blowing is high. 
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The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is dark brown ·gravelly 
sandy loam about 2 inches thick. The subsoil is dark 
brown very gravelly loam and very gravelly clay loam 
about 16 inches thick. Acid igneous rock is at a depth of 
18 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, New Mexico 
feathergrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and rock fragments 
in the soils. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are depth to rock, rock fragments in the 
soils, and slope. In summer, irrigation is needed for lawn 
grasses, shrubs, vines, shade trees, and ornamental 
trees. 

16-GIIa Variant fine sandy loam, 1 to 3 percent 
slopes. This deep and well drained soil is on flood 
plains, alluvial fans, and side slopes. It formed in 
alluvium derived from mixed sources. Areas are oblong 
in shape and are 5 to 50 acres in size. The native 
vegetation is mainly grasses and forbs. Elevation is 
4,000 to 5,000 feet. The average annual precipitation is 
8 to 12 inches, the average annual air temperature is 58 
to 62 degrees F, and the average frost-free period is 180 
to 220 days. 

Typically, the upper 8 inches of the surface layer is 
pale brown fine sandy loam, and the lower 6 inches is 
light gray loam. The substratum to a depth of 60 inches 
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or more is stratified, light yellowish brown silty clay loam 
and pale brown sandy clay loam, silty clay loam, and fine 
sandy loam. 

Included in this unit are small areas of Anthony soils 
on flood plains, Gila Variant soils that have slopes of 0 
to 1 percent, and Arizo soils on alluvial fans. Included 
areas make up about 15 percent of the total acreage. 

Permeability of the Gila Variant soil is moderate. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slight, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to occasional, very brief periods of 
flooding from April through October. 

This unit is used for irrigated crops and pasture and 
for livestock grazing and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are the hazards of soil blowing and 
flooding. Furrow, border, corrugation, and sprinkler 
irrigation systems are suited to most crops on this unit. 
Drip irrigation is suited to orchards. Maintaining crop 
residue on or near the surface reduces runoff, reduces 
soil blowing, and helps to maintain soil tilth and organic 
matter content. The risk of flooding can be reduced by 
the use of levees, dikes, and diversions. Yields of crops 
can be maintained or increased by using fertilizer. Most 
crops, except legumes, respond to nitrogen. Legumes 
respond to phosphate. Rotation grazing helps to 
maintain the quality and quantity of forage. 

The potential plant community on this unit is mainly 
giant sacaton, alkali sacaton, tobosa, and vine-mesquite. 
As the plant community deteriorates, the more desirable 
forage plants decrease and burrograss, threeawn, 
feather fingergrass, and mat muhly, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 3,000 pounds per acre in 
favorable years to 600 pounds in unfavorable years. 

This unit is suited to us.e as rangeland. The main 
limitations are the hazard of soil blowing, droughtiness, 
the hazard of flooding, and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is poorly suited to windbreaks and 
environmental plantings. The main limitations are the 
hazards of flooding and soil blowing. Soil blowing can be 
reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Arizona 
cypress and blue spruce. Among the shrubs are 
American plum and autumn-olive. 
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17-Guy very cobbly loam, 15 to 35 percent 
slopes. This deep and well drained soil is on ridges and 
hills. It formed in old alluvium and eolian material derived 
dominantly from conglomerate. Areas are irregular in 
shape and are 1 0 to 800 acres in size. The native 
vegetation is mainly grasses, forbs, and shrubs. 
Elevation is 5,500 to 6,500 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

Typically, the surface layer is dark grayish brown very 
cobbly loam about 8 inches thick. The next layer, to a 
depth of 31 inches, is light gray gravelly sandy loam and 
gravelly loam. Below this to a depth of 60 inches or 
more is gravelly loamy sand. 

Included in this unit are small areas of Lonti soils on 
ridges and hills, Plack Variant soils on old terraces and 
ridges, and Manzano soils on valley bottoms. Included 
areas make up about 15 percent of the total acreage. 

Permeability of this Guy soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants 'decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, rock fragments on the surface, and 
the high content of lime in the soil. 

Range management practices such as deferred
rotation grazing, proper grazing use~ and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for. the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are rock fragments on the surface and 
slope. In summer, irrigation is needed for lawn grasses, 
shrubs, vines, shade trees, and ornamental trees. Slope 
is a concern in installing septic tank absorption fields. 
Absorption lines should be installed on the contour. 

18-Guy-Lontl complex, 3 to 15 percent slopes. 
This map unit is on hills. Areas are irregular in shape and 
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are 50 to 1 ,800 acres in size. The native vegetation is 
mainly grasses and forbs. Elevation is 5,500 to 6,500 
feet. The average annual precipitation is 12 to 16 inches, 
the average annual air temperature is 48 to 55 degrees 
F, and the average frost-free period is 150 to 180 days. 

This unit is 55 percent Guy gravelly loam, 5 to 15 
percent slopes, and 25 percent Lonti gravelly sandy clay 
loam, 3 to 15 percent slopes. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
in valleys, San Mateo soils on flood plains, Ustorthents 
on the sides of eroded hills and ridges, and Ruidoso 
soils on alluvial fans. Included areas make up about 20 
percent of the total acreage. 

The Guy soil is deep and well drained. It formed in old 
alluvium derived dominantly from conglomerate. 
Typically, the surface layer is brown gravelly loam about 
8 inches thick. The substratum to a depth of 60 inches 
or more is light reddish brown and pink sandy loam, 
gravelly sandy loam, and loam. 

Permeability of the Guy soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

The Lonti soil is deep and well drained. It formed in 
old alluvium derived dominantly from conglomerate. 
Typically, the surface layer is brown gravelly sandy clay 
loam about 6 inches thick. The subsoil is reddish brown 
clay about 19 inches thick. The substratum to a depth of 
60 inches or more is reddish brown gravelly clay loam 
and gravelly sandy clay loam. 

Permeability of the Lonti soil is slow. Available water 
capacity is high. Effective rooting depth is 60 inches or 
more. Runoff is medium, and the hazard of water erosion 
is moderate. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, blue grama, sideoats grama, tobosa, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
potential plant community,increase. The average annual 
production of air-dry vegetation ranges from 1 ,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to.this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
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between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

19-Haverson silty clay loam, 0 to 1 percent 
slopes. This deep and well drained soil is on flood plains 
and stream terraces. It formed in alluvium derived from 
mixed sources. Areas are irregular in shape and are 1 0 
to 250 acres in size. The native vegetation is mainly 
grasses. Elevation is 5,000 to 6,500 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

Typically, the surface layer is pale brown silty clay 
loam about 2 inches thick. The substratum to a depth of 
60 inches or more is pale brown silt loam and silty clay 
loam with thin strata of loamy sand and sand. 

Included in this unit are small areas of eroded 
Haverson soils; Manzano, Paymaster, Ellicott, and Stirk 
Variant soils on flood plains; and Haverson soils that are 
saline-alkali. Included areas make up about 20 percent 
of the total acreage. 

Permeability of this Haverson soil is moderate. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
from July through September. 

Most areas of this unit are used for irrigated crops and 
pasture. A few areas are used for livestock grazing and 
windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are the hazards of soil blowing and 
flooding and the clayey texture. Furrow, border, 
corrugation, and sprinkler irrigation systems are suited to 
this unit. Maintaining crop residue on or near the surface 
reduces runoff, reduces soil blowing, and helps to 
maintain soil tilth and organic matter content. The risk of 
flooding can be reduced by the use of levees, dikes, and 
diversions. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. Timely harvesting improves the quality 
of crops. 

The potential plant community on this unit is mainly 
giant sacaton, vine-mesquite, western wheatgrass, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and tobosa, 
threeawn, burrograss, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1 ,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the hazard of soil blowing and clayey 
texture. 
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Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is moderately'well suited to windbreaks and 
environmental plantings. The main limitation is the 
hazard of soil blowing. Soil blowing can be reduced by 
cultivating only in the tree rows and by leaving a strip of 
vegetation between the rows. Among the trees that are 
suitable for planting are white fir and Arizona cypress. 
Among the shrubs is American plum. 

20-Hondale-Verhalen association, 0 to 3 percent 
slopes. This map unit is on alluvial flats, on valley 
bottoms and valley basin floors, and in bolsons. Areas 
are elongated in shape and are 300 to 2,000 acres in 
size. The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,000 feet. The average annual 
precipitation is 8 to ·12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 70 percent Hondale sandy loam, 0 to 3 
percent slopes, and 20 percent Verhalen silty clay, 0 to 1 
percent slopes. The Hondale soil is on alluvial flats and 
bolson rims, and the Verhalen soil is on valley bottoms, 
in bolsons, and on valley basin floors. 

Included in this unit are small areas of Mimbres soils 
on plains and in playas, Stellar soils on plains! and 
Mohave soils on alluvial fans. Included areas make up 
about 1 0 percent of the total acreage. 

The Hondale soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is light brown sandy loam about 5 inches 
thick. The subsurface layer is pinkish gray sandy clay 
loam and clay loam about 5 inches thick. The subsoil is 
pink and brown clay loam and clay about 16 inches 
thick. The substratum to a depth of 60 inches or more is 
light brown and pinkish white clay loam, sandy clay, and 
sandy clay loam. 

Permeability of the Hondale soil is very slow. Available 
water capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is high. The 
content of exchangeable sodium ranges from 15 to 50 
percent. This soil is subject to rare, very brief periods of 
flooding in July through September. 

The Verhalen soil is deep and moderately well drained. 
It formed in alluvium and lacustrine sediment derived 
from mixed sources. Typically, the surface layer is 
pinkish gray silty clay about 1 0 inches thick. The 
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substratum to a depth of 60 inches or more is brown 
clay. 

Permeability of the Verhalen soil is very slow. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
in July through September. 

This unit is used for livestock grazing. 
The potential plant community on the Hondale soil is 

mainly alkali sacaton, black grama, giant sacaton, and 
vine-mesquite. As the plant community deteriorates, the 
more desirable forage plants decrease and threeawn, 
fluffgrass, burrograss, and tobosa, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 1,500 pounds per acre in 
favorable years to 400 pounds in unfavorable years. 

The potential plant community on the Verhalen soil is 
mainly tobosa, alkali sacaton, vine-mesquite, and giant 
sacaton. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, and mat muhly, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 2,500 pounds per acre in 
favorable years to 600 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the high sodium content of the Hondale 
soil, clayey texture, the hazard of soil blowing, and low 
precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

21-Jonale sandy clay loam, 15 to 35 percent 
slopes. This deep and well drained soil is on hills. It 
formed in old alluvium derived from conglomerate. Areas 
are irregular in shape and are 1 00 to 6,000 acres in size. 
The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 6,500 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

Typically, the surface layer is dark grayish brown 
sandy clay loam about 1 0 inches thick. The substratum 
to a depth of 60 inches or more is pale brown and 
grayish brown sandy clay loam. 

Included in this unit are small areas of Guy soils on 
hills and ridges, Manzano soils in valleys, Lonti soils on 
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hills, and Jonale soils that ·have a cobbly surface layer. 
Included areas make up about 15 percent of the total 
acreage. 

Permeability of the Jonale soil is moderate. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope and high lime content. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are high lime content and slope. In 
summer, irrigation is needed for lawn grasses, shrubs, 
vines, shade trees, and ornamental trees. 

22-Judd·Manzano association, 1 to 15 percent 
slopes. This map unit is on plains and hills and in 
valleys. Areas are elongated in shape and are 50 to 
3,000 acres in size. The native vegetation is mainly 
grasses and forbs. Elevation is 5,000 to 6,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 70 percent Judd loam, 2 to 15 percent 
slopes, and 15 percent Manzano gravelly loam, 1 to 5 
percent slopes. The Judd soil is on hills and plains, and 
the Manzano soil is in valleys and on plains. 

Included in this unit are small areas of Lonti soils on 
hills and Ruidoso soils on old alluvial terraces. Included 
areas make up about 15 percent of the total acreage. 

The Judd soil is deep and well drained. It formed in 
residuum and old alluvium derived from conglomerate. 
Typically, the surface layer is grayish brown loam about 
2 inches thick. The subsoil is grayish brown clay loam 
and clay about 16 inches thick. The substratum to a 
depth of 60 inches or more is light brown loam. 
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Permeability of the Judd soil is slow. Available water 
capacity is very high. Effective rooting depth is 60 inches 
or more. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

The Manzano soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark brown gravelly loam about 15 
inches thick. The subsoil is very dark grayish brown clay 
loam about 20 inches thick. The substratum to a depth 
of 60 inches or more is grayish brown sandy loam. 

Permeability of the Manzano soil is moderately slow. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is medium, and the hazard 
of water erosion is moderate. The hazard of soil blowing 
is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, New Mexico 
feathergrass, and tobosa. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

23-Lehmans-Lithic Haplargids complex, 5 to 15 
percent slopes. This map unit is on hills. Areas are 
irregular in shape and are 1 00 to 2,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 8 to 12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 40 percent Lehmans gravelly sandy clay 
loam and 35 percent Lithic Haplargids. The components 
of this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Mimbres soils 
on plains and a moderately deep soil on plains and in 
depressional areas. Included areas make up about 25 
percent of the total acreage. 
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The Lehmans soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is strong brown gravelly 
sa11dy clay loam about 1 inch thick. The subsoil is dark 
brown clay about 14 inches thick. Acid igneous rock is at 
a depth of 15 inches. 

Permeability of the Lehmans soil is slow. Available 
water capacity is very low. Effective rooting depth is 10 
to 20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

The Lithic Haplargids are shallow and well drained. 
They formed in residuum and colluvium derived 
dominantly from igneous rock. Lithic Haplargids are 
variable in their characteristics. No single profile is 
typical of these soils. 

Permeability of the Lithic Haplargids is moderately 
slow to moderately rapid. Available water capacity is very 
low. Effective rooting depth is 5 to 20 inches. Runoff is 
medium, and the hazard of water erosion is moderate. 
The hazard of soil blowing is moderate. 

This unit is used· for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, bush muhly, sideoats grama, and Metcalfe 
muhly. As the plant community deteriorates, the more 
desirable forage plants decrease and broom snakeweed, 
threeawn, and buckwheat, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 750 pounds per acre in favorable 
years to 350 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, clayey texture, and low 
precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

24-Lithic Haplarglds-Rock outcrop association, 15 
to 75 percent slopes. This map unit is on hills, ridges, 
ledges, and escarpments. Slope is 15 to 75 percent. 
Areas are oval in shape and are 300 to 1 0,000 acres in 
size. The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 8 to 12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 70 percent Lithic Haplargids, 15 to 75 
percent slopes, and 15 percent Rock outcrop. Lithic 
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Haplargids are on hills and ridges, and Rock outcrop is 
on ledges, escarpments, and ridges. 

Included in this unit are small areas of Tres Hermanos 
soils on alluvial fans and terraces, Nickel soils on hills, 
and Upton soils on alluvial fans. Included areas make up 
about 15 percent of the total acreage. 

The Lithic Haplargids are shallow and well drained. 
They formed in residuum derived from mixed sources. 
Lithic Haplargids are variable in their characteristics. No 
single profile is typical of these soils. 

Permeability of the Lithic Haplargids is moderately 
slow to moderately rapid. Available water capacity is very 
low. 'Effective r9oting depth is 4 to 20 inches. Runoff is 
medium, and the hazard of water erosion is moderate. 
The hazard of soil blowing is moderate to high. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, bush muhly, sideoats grama, and Metcalfe 
muhly. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, broom 
snakeweed, and buckwheat, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 750 pounds per acre in favorable 
years to 350 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, depth to rock, and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. Use of grazing systems 
that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

25-Lontl gravelly loam, 15 to 35 percent slopes. 
This deep and well drained soil is on hills and 
pediments. It formed in old alluvium derived dominantly 
from conglomerate. Areas are elongated in shape and 
are 50 to 1,000 acres in size. The native vegetation is 
mainly grasses and forbs. Elevation is 5,000 to 7,000 
feet. The average annual precipitation is 12 to 16 inches, 
the average annual air temperature is 48 to 55 degrees 
F, and the average frost -free period is 150 to 180 days. 

Typically, the surface layer .is brown gravelly loam 
about 4 inches thick. The subsoil is reddish brown and 
brown gravelly clay about 19 inches thick. The 
substratum to a depth of 60 inches or more is reddish 
yellow gravelly clay loam and gravelly sandy clay loam. 

Included in this unit are small areas of Boysag soils on 
hills, Manzano soils in valleys, and Guy and Jonale soils 
on hills. Included areas· make up about 15 percent of the 
total acreage. 

Soil survey 

Permeability of the Lonti soil is slow. Available water 
capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

Most areas of this unit are used for livestock grazing. 
A few areas are used for urban develppment. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,100 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope and clayey texture. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are slope, clayey texture, and shrink
swell potential. If buildings are constructed on this unit, 
properly designing foundations and footings and diverting 
runoff away from buildings help to prevent structural 
damage because of shrinking and swelling. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

26-Lontl gravelly clay loam, 0 to 8 percent slopes. 
This deep and well drained soil is on hills. It formed in 
old alluvium derived dominantly from conglomerate. 
Areas are oval in shape and are 20 to 500 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

Typically, the surface layer is dark brown gravelly clay 
loam about 4 inches thick. The subsoil is reddish brown 
clay about 19 inches thick. The substratum to a depth of 
60 inches or more is light brown· gravelly sandy loam. 

Included in this unit are small areas of Denver Variant 
soils on hills, Guy soils on ridges and hills, Manzano 
soils in valleys, and Lonti soils that have slopes of more 
than 8 percent. Included areas make up about 15 
percent of the total acreage. 

Permeability of this Lonti soil is slow. Available water 
capacity is moderate. Effective rooting depth is 60 
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inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

Most areas of this unit are used for livestock grazing 
and urban development. A few areas are used for 
irrigated crops and pasture and for windbreaks. 

The potential plant community on this unit is mainly 
blue grama, black grama, sideoats grama, 'and tobosa. 
As the plant community deteriorates, the more desirable 
forage plants decrease and threeawn, burrograss, 
fluffgrass, and broom snakeweed, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 875 pounds per acre in 
favorable years to 350 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are shrink-swell potential and clayey 
texture. If buildings are constructed on this unit, properly 
designing foundations and footings and diverting runoff 
away from buildings help to prevent structural damage 
because of shrinking and swelling. In summer, irrigation 
is needed for lawn grasses, shrubs, vines, shade trees, 
and ornamental trees. 

If this unit is used for irrigated crops and pasture, the 
main limitations are slope, the hazards of erosion and 
soil blowing, and the gravelly surface layer. Furrow, 
border, corrugation, and sprinkler irrigation systems are 

· suited to this unit. Maintaining crop residue on or near 
the'surface reduces runoff, reduces soil blowing and 
erosion, and helps to maintain soil tilth and organic 
matter content. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. 

This unit is suited to windbreaks and environmental 
plantings. The main limitations are gravel on surface and 
clayey texture. Soil blowing can be reduced by cultivating 
only in the tree rows and by leaving a strip of vegetation 
between the rows. Among the trees that are suitable for 
planting are Russian-olive and Arizona sycamore. Among 
the shrubs are autumn-olive and smooth sumac. 

27-Lonti-Denver Variant complex, 1 to 25 percent 
slopes. This map unit is on ridges, hills, and toe slopes. 
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Areas are oval in shape and are 1 0 to 500 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 5,500 to 6,500 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 55 percent Lonti gravelly loam, 3 to 25 
percent slopes, and 35 percent Denver Variant clay 
loam, 1 to 9 percent slopes. The components of this unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
in valleys, Boysag soils on hills, and Paymaster soils on 
valley bottoms. Included areas make up about 10 
percent of the total acreage. 

The Lonti soil is deep and well drained. It formed in 
old alluvium derived dominantly from conglomerate. 
Typically, the surface layer is brown gravelly loam about 
4 inches thick. The subsoil is brown and reddish brown 
gravelly clay and gravelly clay loam about 19 inches 
thick. The substratum to a depth of 60 inches or more is 
reddish yellow gravelly sandy clay loam. 

Permeability of the Lonti soil is slow. Available water 
capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

The Denver Variant soil is deep and well drained. It 
formed in old alluvium derived dominantly from 
conglomerate. Typically, the surface layer is dark grayish 
brown clay loam about 2 inches thick. The subsoil is 
brown clay about 28 inches thick. The substratum to a 
depth of 60 inches or more is brown gravelly clay. 

Permeability of the Denver Variant soil is very slow. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is medium, and the hazard 
of water erosion is moderate. The hazard of soil blowing 
is moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on the Lonti soil is 
mainly blue grama, black grama, sideoats grama, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

The potential plant community on the Denver Variant 
soil is mainly blue grama, sideoats grama, black grama, 
and tobosa. As the plant community deteriorates, the 
more desirable forage plants decrease and threeawn, 
fluffgrass, burrograss, and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
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production of air-dry vegetation ranges from 875 pounds 
per acre in favorable years to 300 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. The main 
limitations are shrink-swell potential and clayey texture. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are slope, clayey texture, and shrink
swell potential. If buildings are constructed on this unit, 
properly designing foundations and footings and diverting 
runoff away from buildings help to prevent structural 
damage because of shrinking and swelling. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

28-Lonti-Manzano association, 1 to 25 percent 
slopes. This map unit is on hills and in upland valleys. 
Areas are elongated in shape and are 200 to 5,000 
acres in size. The native vegetation is mainly grasses 
and forbs. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 65 percent Lonti gravelly loam, 3 to 25 
percent slopes, and 20 percent Manzano loam, 1 to 5 
percent slopes. The Lonti soil is on hills, and the 
Manzano soil is in valleys. 

Included in this unit are small areas of Paymaster soils 
on valley bottoms, Ellicott soils on flood plains, 
Ustorthents on eroded hills and ridges, and Ruidoso 
soils on alluvial fans and terraces. Included areas make 
up about 15 percent of the total acreage. 

The Lonti soil is deep and well drained. It formed in 
old alluvium derived dominantly from conglomerate. 
Typically, the surface layer is brown gravelly loam about 
4 inches thick. The subsoil is reddish brown clay about 
30 inches thick. The substratum to a depth of 60 inches 
or more is yellowish red gravelly sandy clay loam. 

Permeability of the Lonti soil is slow. Available water 
capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

The Manzano soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark brown loam about 15 inches thick. 
The subsoil is brown clay loam about 11 inches thick. 

Soil survey 

The substratum to a depth of 60 inches or more is dark 
grayish brown clay loam. 

Permeability of the Manzano soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to rare, very 
brief periods of flooding in July through September. 

This unit is used for livestock grazing. 
The potential plant community on the Lonti soil is 

mainly sideoats grama, blue grama, black grama, and 
New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum,. which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. It is important that the stocking rate 
be adjusted for the most efficient use of the available 
forage, especially that on the steeper slopes. 

The potential plant community on the Manzano soil is 
mainly sideoats grama, blue grama, vine-mesquite, black 
grama, and New Mexico feathergrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and threeawn, fluffgrass, sand dropseed, and 
ring muhly, which commonly make up only a· small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,000 pounds per acre in favorable years to 350 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and fencing are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

29-Lonti-Ustorthents association, 5 to 60 percent 
slopes. This map unit is on hills, ridges, and breaks. 
Areas are oblong in shape and are 150 to 2,500 acres in 
size. The native vegetation is mainly grasses and forbs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 70 percent Lonti gravelly loam, 5 to 35 
percent slopes, and 20 percent Ustorthents, 1 0 to 60 
percent slopes. The Lonti soil is on hills, and Ustorthents 
are on eroded ridges, hills, and breaks. 
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Included in this unit are small areas of Manzano soils 
in valleys, Guy and Jonale soils on hills, and Ruidoso 
soils on terraces and alluvial fans. Included areas make 
up about 1 0 percent of the total acreage. 

The Lonti soil is deep and well drained. It formed in 
old alluvium derived dominantly from conglomerate. 
Typically, the s·urface layer is very dark grayish brown 
gravelly loam about 4 inches thick. The subsoil is dark 
brown gravelly clay about 25 inches thick. The 
substratum to a depth of 60 inches or more is brown and 
light yellowish brown gravelly sandy loam and gravelly 
sandy clay loam. 

Permeability of the Lonti soil is slow. Available water 
capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

Ustorthents are moderately deep to deep and are well 
drained. They formed in old alluvium derived dominantly 
from conglomerate. Ustorthents are variable in their 
characteristics. No single profile is typical of these soils. 

Permeability of Ustorthents is moderately slow to 
moderately rapid. Available water capacity is low to high. 
Effective rooting depth is 30 to 60 inches. Runoff is 
rapid, and the hazard of water erosion is high. The 
hazard of soil blowing is moderate to high. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant commu11ity 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. Use of grazing systems 
that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

30-Luzena very gravelly sandy clay loam, 5 to 25 
percent slopes. This shallow and well drained soil is on 
hills. It formed in residuum derived dominantly from 
rhyolite, tuff, and other igneous rock. Areas are 
elongated in shape and are 200 to 1 ,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 5,500 to 6,500 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 

temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 
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Typically, the surface layer is dark brown very gravelly 
sandy clay loam about 4 inches thick. The subsoil is dark 
brown clay about 11 inches thick. Acid igneous rock is at 
a depth of 15 inches. 

Included in this unit are small areas of Manzano soils 
in upland valleys, Ruidoso soils on terraces and alluvial 
fans, Muzzler soils on mountains and hills, and Abrazo 
soils on hills. Included areas make up about 15 percent 
of the total acreage. 

Permeability of the Luzena soil is slow. Available water 
capacity is very low. Effective rooting depth is 7 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is slight. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, and plains 
lovegrass. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
bullgrass, hairy grama, and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favo"rable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, depth to rock, and clayey texture. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

31-Luzena-Rock outcrop association, 10 to 35 
percent slopes. This map unit is on hills, ledges, ridges, 
and escarpments. Areas are oblong in shape and are 
500 to 7,000 acres in size. The native vegetation is 
mainly grasses, forbs, and shrubs. Elevation is 5,500 to 
7,000 feet. The average annual precipitation is 12 to 16 
inches, the average al')nual air temperature is 48 to 55 
degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 65 percent Luzena gravelly loam, 1 0 to 35 
percent slopes, and 20 percent Rock outcrop. The 
Luzena soil is on hills, and Rock outcrop is on ridges, 
ledges, and escarpments. 

Included in this unit are small areas of Abrazo soils on 
hills and in saddles, Muzzler soils on hills and mountains, 
Lithic Ustorthents on hills, and Sanloren soils on 
terraces. Included areas make up about 15 percent of 
the total acreage. 



32 

The Luzena soil is shallow and well drained. It formed 
in residuum derived from igneous rock. Typically, the 
surface layer is dark grayish brown gravelly loam about 2 
inches thick. The subsoil is dark grayish brown clay 
about 14 inches thick. Igneous rock is at a depth of 16 
inches. 

Permeability of the Luzena soil is slow. Available water 
capacity is very low. Effective rooting depth is 7 to 20 
inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, and plains 
lovegrass. As the plant community deteriorates, the more 
desirable forage plants decrease, and threeawn, 
bullgrass, hairy grama, and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, clayey texture, and areas of 
Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

32-Manzano loam, 0 to 1 percent slopes. This 
deep and well drained soil is on flood plains. It formed in 
alluvium derived from mixed sources. Areas are irregular 
in shape .and are 2 to 200 acres in size. The native 
vegetation is mainly grasses. Elevation is 5,000 to 7,000 
feet. The average annual precipitation is 12 to 16 inches, 
the average annual air temperature is 48 to 55 degrees 
F, and the average frost-free period is 150 to 180 days. 

Typically, the surface layer is very dark grayish brown 
loam about 3 inches thick. The subsoil is very dark 
grayish brown clay loam about 15 inches thick. The 
substratum to a depth of 60 inches or more is very dark 
grayish brown clay loam. 

Included in this unit are small areas of Haverson, 
Paymaster, and Ellicott soils on flood plains, Manzano 
soils that have a clay loam surface layer, Ruidoso soils 
on alluvial fans, and Manzano soils that have a high 
water table. Included areas make up about 15 percent of 
the total acreage. 

Soil survey 

Permeability of the Manzano soil is moderately slow. 
Available water ·capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to rare, very 
brief periods of flooding in July through September. 

Most areas of this unit are used for irrigated crops and 
pasture. A few areas are used for livestock grazing, 
urban development, and windbreaks. 

This unit is well suited to irrigated crops and pasture. 
Furrow, border, corrugation, and sprinkler irrigation 
systems are suited to the·unit. Drip irrigation is suited to 
orchards. Maintaining crop residue on or near the 
surface reduces runoff, reduces soil blowing, and helps 
to maintain soil tilth and organic matter content. The risk 
of flooding can be reduced by the use of levees, dikes, 
and diversions. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. 

The potential plant community on this unit is mainly 
giant sacaton, western wheatgrass, vine-mesquite, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and tobosa, 
threeawn, burrograss, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitation is the hazard of rare periods of flooding. 
Flooding can be controlled only by use of major flood 
control structures. In summer, irrigation is needed for 
lawn grasses, shrubs, vines, shade trees, and 
ornamental trees. 

This unit is well suited to windbreaks and 
environmental plantings. The hazard of soil blowing can 
be reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Arizona 
cypress and green ash. Among the shrubs are American 
plum and desertwillow. 
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33-Manzano loam, 1 to 3 percent slopes. This 
deep and well drained soil is on flood plains and in 
upland valleys. It formed in alluvium derived from mixed 
sources. Areas are irregular in shape and are 2 to 400 
acres in size. The native vegetation is mainly grasses. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

Typically, the surface layer is brown loam about 3 
inches thick. The subsoil is brown clay loam about 23 
inches thick. The substratum to a depth of 60 inches or 
more is brown clay loam. 

Included in this unit are small areas of Haverson, 
Paymaster, and Ellicott soils on flood plains; Ruidoso 
soils on alluvial fans; and Manzano soils that have a high 
water table. Included areas make up about 15 percent of 
the total acreage. 

Permeability of the Manzano soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to rare, very 
brief periods of flooding in July through September. 

Most areas of this unit are used for irrigated crops. A 
few areas are used for livestock grazing, urban 
development, and windbreaks. 

This unit is well suited to irrigated crops and pasture. 
Furrow, border, corrugation, and sprinkler irrigation 
systems are suited to the unit. Drip irrigation is suited to 
orchards. Maintaining crop residue on or near the 
surface reduces runoff, reduces soil blowing, and helps 
to maintain soil tilth and organic matter content. The risk 
of flooding can be reduced by the use of levees, dikes, 
and diversions. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. Timely harvesting improves the quality 
of crops. 

The potential plant community on this unit is mainly 
giant sacaton, western wheatgrass, vine-mesquite, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and tobosa, 
threeawn, burrograss, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1 ,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 

Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitation is the hazard of rare periods of flooding. 
Flooding can be controlled only by use of major flood 
control structures. In summer, irrigation is needed for 
lawn grasses, shrubs, vines, shade trees, and 
ornamental trees. 
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This unit is well suited to windbreaks and 
environmental plantings. The hazard of soil blowing can 
be reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Arizona 
cypress and green ash. Among the shrubs are American 
plum and desertwillow. 

34-Manzano-Ruidoso association, 0 to 5 percent 
slopes. This map unit is in upland valleys and on alluvial 
fans and terraces. Areas are elongated in shape and are 
400 to 3,000 acres in size. The native vegetation is 
mainly grasses. Elevation is 5,500 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 60 percent Manzano loam, 0 to 5 percent 
slopes, and 25 percent Ruidoso clay loam, 3 to 5 
percent slopes. The Manzano soil is in upland valleys 
and on alluvial fans, and the Ruidoso soil is on terraces 
and alluvial fans. 

Included in this unit are small areas of Lonti soils on 
toe slopes of hills and Haverson, Ellicott, and Paymaster 
soils in valleys and on flood plains. Included areas make 
up about 15 percent of the total acreage. 

The Manzano soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark brown loam about 20 inches thick. 
The subsoil is dark brown clay loam about 8 inches 
thick. The substratum to a depth of 60 inches or more is 
dark brown clay loam. 

Permeability of the Manzano soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. 

The Ruidoso soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is dark brown clay loam about 1 0 inches 
thick. The subsoil is dark brown clay about 40 inches 
thick. The substratum to a depth of 60 inches or more is 
dark brown sandy clay. 

Permeability of the Ruidoso soil is slow. Available 
water capacity is very high. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 



34 

The potential plant community on the Manzano soil is 
mainly sideoats grama, blue grama, black grama, New 
Mexico feathergrass, and bottlebrush squirreltail. As the 
plant community deteriorates, the more desirable forage 
plants decrease and threeawn, fluffgrass, sand 
dropseed, and ring muhly, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 1 ,000 pounds per acre in 
favorable years to 350 pounds in unfavorable years. 

The potential plant community on the Ruidoso soil is 
mainly blue grama, sideoats grama, tobosa, and black 
grama. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
fluffgrass, broom snakeweed, and burrograss, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 875 pounds 
per acre in favorable years to 300 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

35-Mimbres-Arlzo-Riverwash association, o to 5 
percent slopes. This map unit is on flood plains and 
alluvial fans and in drainage channels. Areas are 
elongated in shape and are 50 to 1 ,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 8 to 12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 40 percent Mimbres loam, 0 to 1 percent 
slopes; 30 percent Arizo loamy sand, 0 to 5 percent 
slopes; and 15 percent Riverwash. The Mimbres soil is 
on flood plains, the Arizo soil is on alluvial fans, and 
Riverwash is in drainage channels. 

Included in this unit are small areas of Mohave soils 
on alluvial fans, Stellar soils on alluvial fans and plains, 
Verhalen soils on flood plains, and Hondale soils on 
alluvial flats and in bolsons. Included areas make up 
about 15 percent of the total acreage. 

The Mimbres soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is brown loam about 6 inches thick. The 
subsoil is reddish brown silty clay loam about 16 inches 
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thick. The substratum to a depth of 60 inches or more is 
reddish brown silty clay loam. 

Permeability of the Mimbres soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to frequent, very 
brief periods of flooding in July through September. 

The Arizo soil is deep and excessively drained. It 
formed in alluvium derived from mixed sources. Typically, 
the surface layer is brown and grayish brown loamy sand 
about 12 inches thick. The upper 6 inches of the 
substratum is brown loamy fine sand, and the lower part 
to a depth of 60 inches or more is grayish brown very 
gravelly sand. 

Permeability of the Arizo soil is very rapid. Available 
water capacity is very low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is very high. 
This soil is subject to frequent, very brief periods of 
flooding in March through September. 

Riverwash consists of sand, silt, and gravel that are 
periodically reworked by water. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

giant sacaton, alkali sacaton, tobosa, and vine-mesquite. 
As the plant community deteriorates, the more desirable 
forage plants decrease and burrograss, threeawn, 
feather fingergrass, and mat muhly, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 3,000 pounds per acre in 
favorable years to 600 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the hazard of soil blowing and low 
precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

36-Muzzler very cobbly clay loam, 15 to 35 
percent slopes. This shallow and well drained soil is on 
hills. It formed in residuum derived dominantly from acid 
igneous rock. Areas are elongated in shape and are 200 
to 1 ,000 acres in size. The native vegetation is mainly 
grasses and shrut:)s. Elevation is 5,000 to 6,500 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 
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Typically, the surface layer is dark grayish brown very 
cobbly clay loam about 3 inches thick. The subsoil is 
very dark grayish brown very cobbly clay about 9 inches 
thick. Acid igneous rock is at a depth of 12 inches. 

Included in this unit are small areas of Manzano soils 
in valleys, Ruidoso soils on terraces, and Luzena and 
Abrazo soils on hills and ridges. Included areas make up 
about 15 percent of the total acreage. 

Permeability of this Muzzler soil is slow. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, and plains 
lovegrass. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
bullgrass, hairy grama, .and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, clayey texture, rock fragments, and 
depth to rock. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

37-Muzzler-Rock outcrop association, 25 to 45 
percent slopes. This map unit is on hills, mountains, 
ledges, ridges, and escarpments. Areas are oval in 
shape and are 200 to 2,000 acres in size. The native 
vegetation is mainly grasses, shrubs, and forbs. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 60 percent Muzzler cobbly sandy loam, 25 
to 45 percent slopes, and 25 percent Rock outcrop. The 
Muzzler soil is on hills and mountains, and Rock outcrop 
is on ledges, ridges, and escarpments. 

Included in this unit are small areas of Ruidoso soils 
on alluvial fans and terraces, Orthents on eroded 
hillsides, and Oro Grande and Luzena soils on hills. 
Included areas make up about 15 percent of the total 
acreage. 

The Muzzler soil is shallow and well drained. It formed 
in residuum derived dominantly from rhyolite and 
andesite. Typically, the surface layer is dark grayish 
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brown\ cobbly sandy loam about 2 inches thick. The 
subsoil is very dark grayish brown and dark brown very 
cobbly clay about 17 inches thick. Rhyolite is at a depth 
of 19 inches. 

Permeability of the Muzzler soil is slow. Available 
water capacity is very low. Effective rooting depth is 8 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is high. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, and plains 
lovegrass. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
bullgrass, hairy grama, and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. Although this is mainly a 
grassland unit, juniper and shrubs are dominant in an 
area east of Santa Rita. The average annual production 
of air-dry vegetation ranges from 1,300 pounds per acre 
in favorable years to 450 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, rock fragments, and slope. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

38-Nickei-Upton association, 2 to 15 percent 
slopes. This map unit is on alluvial fans, foot slopes, and 
side slopes. Areas are oval in shape and are 50 to 2,000 
acres in size. The native vegetation is mainly shrubs, 
forbs, and grasses. Elevation is 4,000 to 5,500 feet. The 
average annual precipitation is 8 to 12 inches, the 
average annual air temperature is 58 to 62 degrees F, 
and the average frost-free period is 180 to 220 days. 

This unit is 50 percent Nickel gravelly sandy loam, 2 to 
15 percent slopes, and 40 percent Upton gravelly loam, 2 
to 5 percent slopes. The Nickel soil is on alluvial fans 
and side slopes, and the Upton soil is on foot slopes and 
alluvial fans. 

Included in this unit are small areas of Tres Hermanos 
soils on piedmonts, Mohave and Stellar soils on alluvial 
fans and basin floors, Mimbres soils on plains, and a soil 
that is similar .to this Nickel soil but is 25 to 35 percent 
gravel. Included areas make up about 10 percent of the 
total acreage. 

The Nickel soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is brown gravelly sandy loam about 6 
inches thick. The subsoil is brown gravelly sandy loam 
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and very gravelly sandy loam about 13 inches thick. The 
substratum to a depth of 60 inches or more is light 
brown very gravelly silt loam and very gravelly loamy 
sand. 

Permeability of the Nickel soil is moderate. Available 
water capacity is low. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
high. 

The Upton soil is shallow and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is brown gravelly loam about 3 inches 
thick. The subsoil is brown gravelly clay loam about 1 0 
inches thick. Indurated caliche is at a depth of 13 inches. 

Permeability of the Upton soil is moderate. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

bush muhly, black grama, creosotebush, and plains 
bristlegrass. As the plant community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
sand dropseed, and burrograss, which commonly make 
up only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 500 pounds per acre in favorable 
years to 125 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are rock fragments, high lime content, the 
hazard of water erosion, and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

39-0ro Grande-Rock outcrop complex, 5 to 15 
percent slopes. This map unit is on hills and mountains. 
Areas are irregular in shape and are 1 0 to 400 acres in 
size. The native vegetation is mainly juniper, pinyon, and 
grasses. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 65 percent Oro Grande very cobbly loam, 5 
to 15 percent slopes, and 20 percent Rock outcrop. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Oro Grande 
soils that have slopes of more than 15 percent and 
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Encierro, Luzena, Muzzler, and Abrazo soils on hills. 
Included areas make up about 15 percent of the total 
acreage. 

The Oro Grande soil is shallow and well drained. It 
formed in residuum derived dominantly from dolomitic 
limestone. Typically, the surface layer is dark grayish 
brown very cobbly loam about 9 inches thick. The 
substratum is dark brown very cobbly loam about 4 
inches thick. Dolomitic limestone is at a depth of 13 
inches. 

Permeability of the Oro Grande soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 4 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing and as 
woodland. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, plains 
lovegrass, juniper, and pinyon. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are the areas of Rock outcrop and depth to 
rock of the Oro Grande soil. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited.to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is moderately well suited to pinyon and 
juniper production. It supports stands with a basal area 
of about 50 square feet per acre. The potential for 
firewood production is good, and the potential for 
Christmas trees, pinyon nuts, mine supports, and 
fenceposts is fair. To prevent deterioration of the 
woodland, the stands of pinyon and juniper on this unit 
can be managed for a combination of uses, including 
firewood production. 

40-0ro Grande-Rock outcrop complex, 25 to 75 
percent slopes. This map unit is on hills and mountains. 
Areas are irregular in shape and are 1 0 to 600 acres in 
size. The native vegetation is mainly juniper, pinyon, and 
grasses. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
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annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 40 percent Oro Grande very cobbly loam, 
25 to 75 percent slopes, and 30 percent Rock outcrop. 
The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are small areas of Encierro, 
Luzena, Muzzler, and Abrazo soils on hills, Santa Fe 
soils on hills and mountains, and Manzano soils in 
valleys. Included areas make up about 30 percent of the 
total acreage. 

The Oro Grande soil is shallow and well drained. It 
formed in residuum derived dominantly from dolomitic 
limestone. Typically, the surface layer is dark grayish 
brown very cobbly loam about 8 inches thick. The 
substratum is dark brown very cobbly loam about 4 
inches thick. Dolomitic limestone is at a depth of 12 
inches. 

Permeability of the Oro Grande soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 4 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

This unit is used for livestock grazing and as 
woodland. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, plains 
lovegrass, juniper, and pinyon. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pound~ 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are areas of Rock outcrop, depth to rock of 
the Oro Grande soil, and slope. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is poorly suited to pinyon .and juniper 
production. It supports stands with a basal area of about 
15 square feet per acre. The potential for fenceposts 
and mine supports is good, and the potential for 
firewood, Christmas trees, and pinyon nuts is poor. To 
prevent deterioration of the woodland, the stands of 

pinyon and juniper on this unit can be managed for a 
combination of uses, including firewood production. 
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41-0rthents, 25 to 60 percent slopes. These 
shallow to deep and well drained soils are on eroded 
breaks and ridges. They formed in alluvium derived from 
mixed sources. Areas are irregular in shape and are 300 
to 2,000 acres in size. The native vegetation is mainly 
grasses and forbs. Elevation is 4,000 to 7,000 feet. The 
average annual precipitation is 8 to 16 inches, the 
average annual air temperature is 48 to 62 degrees F, 
and the average frost-free period is 150 to 220 days. 

Orthents are variable in their characteristics. No single 
profile is typical of these soils. 

Included in this unit are small areas of Manzano soils 
in upland valleys; Lonti, Guy, Jonale, and Lehmans soils 
and Lithic Haplargids on hills; and Ruidoso soils on 
alluvial fans. Included areas make up about 15 percent 
of the total acreage. 

Permeability of the Orthents is moderately slow to 
rapid. Available water capacity is very low to high. 
Effective rooting depth is 1 0 to 60 inches. Runoff is 
medium, and the hazard of water erosion is moderate. 
The hazard of soil blowing is moderate to high. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, black grama, blue grama, New Mexico 
feathergrass, oak, and threeawn. As the plant community 
deteriorates, the more desirable forage plants decrease 
and fluffgrass, tridens, and broom snakeweed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,000 
pounds per acre in favorable years to 225 pounds in 
unfavorable years. 

This unit is suited fo use as rangeland. The main 
limitations are slope and depth to rock in some areas. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

42-Paymaster gravelly sandy loam, 3 to 15 
percent slopes. This deep and well drained soil is on 
foot slopes and alluvial fans. It formed in alluvium 
derived from mixed sources. Areas are irregular in shape 
and are 5 to 150 acres iri size. The native vegetation is 
mainly grasses. Elevation is 5,000 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 
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Typically, the surface layer is very dark grayish brown 
gravelly sandy loam about 1 0 inches thick. The 
substratum to a depth of 60 inches or more is very dark 
grayish brown and very dark gray sandy loam. 

Included in this unit are small areas of Ellicott and 
Manzano soils on alluvial fans and side slopes, Ruidoso 
soils on fans and terraces, and Lonti and Guy soils on 
hills. Included areas make up about 15 percent of the 
total acreage. 

Permeability of this Paymaster soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, blue grama, New Mexico feathergrass, and 
sideoats grama. As the plant community deteriorates, the 
more desirable forage plants decrease and threeawn, 
ring muhly, and sand dropseed, which commonly make 
up only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 1 ,300 pounds per acre in 
favorable years to 450 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that 'vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. r:>eferring livestock grazing for a year permits 
more seedlings to become established. 

43-Paymaster-EIIIcott complex, 0 to 1 percent 
slopes. This map unit is on flood plains and alluvial fans. 
Areas are irregular in shape and are 2 to 200 acres in 
size. The native vegetation is mainly grasses. Elevation 
is 5,000 to 7,000 feet. The average annual precipitation 
is 12 to 16 inches, the average annual air temperature is 
48 to 55 degrees F, and the average frost-free period is 
150 to 180 days. 

This unit is 60 percent Paymaster sandy loam and 20 
percent Ellicott gravelly sand. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Riverwash 
along stream channels, Manzano soils on flood plains, 
Paymaster and Ellicott soils that have slopes of 1 to 3 
percent, and soils that are similar to the Paymaster and 
Ellicott soils but are wet. Included areas make up about 
20 percent of the total acreage. 

The Paymaster soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark grayish brown sandy loam about 14 
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inches thick. The substratum to a depth of 60 inches or 
more is grayish brown and dark grayish brown sandy 
loam and loam. 

Permeability of the Paymaster soil is moderately rapid. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
in July through September. 

The Ellicott soil is deep and somewhat excessively 
drained. It formed in alluvium derived from mixed 
sources. Typically, the surface layer is grayish brown 
gravelly sand about 8 inches thick. The substratum to a 
depth of 60 inches or more is grayish brown sand and 
loamy sand with thin strata of finer textured material. 

Permeability of the Ellicott soil is rapid. Available water 
capacity is low. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is very high. This soil is 
subject to frequent, brief periods of flooding from July 
through September. 

Most areas of thi~ unit are used for irrigated crops and 
pasture. A few areas are us~d for livestock grazing, 
urban development, and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are droughtiness, moderately rapid and 
rapid permeability1 and the hazards of soil blowing and 
flooding. Furrow, border, corrugation, and sprinkler 
irrigation systems are suited to this unit. Drip irrigation is 
suited to orchards. 

Maintaining crop residue on or near the surface 
reduces runoff, reduces soil blowing, and helps to 
maintain soil tilth and organic matter content. The risk of 
flooding can be reduced by the use of levees, dikes, and 
diversions. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. 

The potential plant community on this unit is mainly 
giant sacaton, western wheatgrass, vine-mesquite, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
threeawn, burrograss, and tobosa, which commonly 
make up only .a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1 ,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and fencing are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
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between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are the hazards of soil blowing and 
flooding and the sandy texture of the soils. Flooding can 
be controlled only by use of major flood control 
structures. In summer, irrigation is needed for lawn 
grasses, shrubs, vines, shade trees, and ornamental 
trees. If the density of housing is moderate to high, 
community sewage systems are needed to prevent 
contamination of water supplies as a result of seepage 
from onsite sewage disposal systems. 

This unit is moderately well suited to windbreaks and 
environmental plantings. The main limitations are 
droughtiness, moderately rapid and rapid permeability, 
and the hazard of soil blowing. Soil blowing can be 
reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Lombardy 
poplar, ponderosa pine, and Arizona cypress. Among the 
shrubs are smooth lilac, squawbush, and common lilac. 

44-Paymaster-EIIicott complex, 1 to 3 percent 
slopes. This map unit is on flood plains and alluvial fans. 
Areas are irregular in shape and are 2 to 200 acres in 
size. The native vegetation is mainly grasses. Elevation 
is 5,000 to 7,000 feet. The average annual precipitation 
is 12 to 16 inches, the average annual air temperature is 
48 to 55 degrees F, and the average frost-free period is 
150 to 180 days. 

This unit is 40 percent Paymaster fine sandy loam and 
25 percent Ellicott gravelly sand. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
on alluvial fans, Riverwash in stream channels, 
Paymaster and Ellicott soils that have slopes of less 
than 1 percent, and soils that are similar to the 
Paymaster and Ellicott soils but are wet. Included areas 
make up about 35 percent of the total acreage. 

The Paymaster soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is grayish brown fine sandy loam about 1 0 
inches thick. The substratum, to a depth of 35 inches, is 
dark grayish brown very fine sandy loam and fine sandy 
loam. Below this to a depth of 60 inches or more is dark 
brown extremely gravelly loamy sand. 

Permeability of the Paymaster soil is moderately rapid. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
from July through September. 

The Ellicott soil is deep and somewhat excessively 
drained. It formed in alluvium derived from mixed 
sources. Typically, the surface layer is dark yellowish 

brown gravelly sand about 6 inches thick. The 
substratum to a depth of 60 inches or more is dark 
yellowish brown sand with strata of gravelly sand. 
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Permeability of the Ellicott soil is rapid. Available water 
capacity is low. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is very high. This soil is 
subject to frequent, brief periods of flooding from July 
through September. 

Most areas of this unit are used for irrigated crops and 
pasture. A few areas are used for livestock grazing, 
urban development, and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are droughtiness, moderately rapid and 
rapid permeability, and the hazard of soil blowing. 
Furrow, border, corrugation, and sprinkler irrigation 
systems are suited to this unit. Drip irrigation is suited to 
orchards. Maintaining crop residue on or near the 
surface reduces runoff, reduces soil blowing, and helps 
to maintain soil tilth and organic matter content. Yields of 
crops can be maintained or increased by using fertilizer. 
Most crops, except legumes, respond to nitrogen. 
Legumes ·respond to phosphate. Rotation grazing helps 
to maintain the quality and quantity of forage. 

The potential plant community on this unit is mainly 
giant sacaton, western wheatgrass, alkali sacaton, and 
vine-mesquite. As the plan~ community deteriorates, the 
more desirable forage plants decrease and fluffgrass, 
threeawn, burrograss, and tobosa, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1 ,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and fencing are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are the hazard of flooding, sandy 
texture, and the hazard of soil blowing. Flooding can be 
controlled only by use of major flood control structures. 
In summer, irrigation is needed for lawn grasses, shrubs, 
vines, shade trees, and ornamental trees. If the density 
of housing is moderate to high, community sewage 
systems are needed to prevent contamination of water 
supplies as a result of seepage from onsite sewage 
disposal systems. 

This unit is moderately well suited to windbreaks and 
environmental plantings. The main limitations are 
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droughtiness. moderately rapid and rapid permeability, 
and the hazard of soil blowing. Soil blowing can be 
reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Arizona 
sycamore, green ash, and Lombardy poplar. Among the 
shrubs are common lilac, desertwillow, and smooth 
sumac. 

45-Paymaster-EIIIcott-Manzano association, 0 to 5 
percent slopes. This map unit is on flood plains and 
alluvial fans and in old stream channels and valleys. 
Areas are elongated in shape and are 50 to 1,000 acres 
in size. The native vegetation is mainly grasses. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F. and the average 
frost-free period is 150 to 180 days. 

This unit is 40 percent Paymaster fine sandy loam, 2 
to 5 percent slopes; 30 percent Ellicott gravelly sand, 1 
to 3 percent slopes; and 20 percent Manzano loam, 0 to 
3 percent slopes. The Paymaster soil is on alluvial fans 
and flood plains, the Ellicott soil is in old stream 
channels, and the Manzano soil is on flood plains and 
alluvial fans and in valleys. 

Included in this unit are small areas of Riverwash in 
stream channels, Haverson soils on flood plains, and 
Ruidoso soils on alluvial fans and terraces. Included 
areas make up about 1 0 percent of the total acreage. 

The Paymaster soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is very dark grayish brown fine sandy loam 
about 5 inches thick. The substratum to a depth of 60 
inches or more is dark grayish brown fine sandy loam. 

Permeability of the Paymaster soil is moderately rapid. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
in July through September. 

The Ellicott soil is deep and somewhat excessively 
drained. It formed in alluvium derived from mixed 
sources. Typically, the surface layer is dark yellowish 
brown gravelly sand about 6 inches thick. The 
substratum to a depth of 60 inches or more is dark 
yellowish brown loamy sand and sand with thin strata of 
gravelly sand. 

Permeability of the Ellicott soil is rapid. Available water 
capacity is low. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is high. This soil is 
subject to frequent, brief periods of flooding in July 
through September. 

The Manzano soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is brown loam about 3 inches thick. The 
subsoil is brown clay loam about 23 inches thick. The 

Soil survey 

substratum to a depth of 60 inches or more is brown 
clay loam. 

Permeability of the Manzano soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to rare, very 
brief periods of flooding in July through September. 

This unit is used for livestock grazing. 
The potential plant community on the Paymaster and 

Manzano soils is mainly sideoats grama, blue grama, 
black grama, and New Mexico feathergrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and threeawn, fluffgrass, sand dropseed, and 
ring muhly, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,000 pounds per acre in favorable years to 350 pounds 
in unfavorable years. 

The potential plant community on the Ellicott soil is 
mainly black grama, sideoats grama, hairy grama, and 
blue grama. As the plant community deteriorates, the 
more desirable forage plants decrease and sand 
dropseed, threeawn, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 850 pounds per acre in 
favorable years to 300 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, water development, proper grazing use, 
and fencing are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

46-Pits-Dumps association, extremely steep. This 
map unit is on hills and flats. Areas are irregular in shape 
and are 5 to 2,000 acres in size. These areas are 
essentially barren of vegetation. Slopes range from 3 to 
more than 75 percent. Elevation is 4,000 to 7,200 feet. 
The average annual precipitation is 8 to 16 inches, the 
average annual air temperature is 48 to 62 degrees F, 
and the average frost-free period is 150 to 220 days. 

This unit is 45 percent Pits and 45 percent Dumps. 
Included in this unit are small areas of Santa Fe, 

Santana, Muzzler, Lehmans, Plack, Upton, and Lonti 
soils and Lithic Haplargids. Included areas make up 
about 1 0 percent of the total acreage. 

Pits are open excavations from which soil and 
underlying materia,! have been removed, exposing rock 
or other material that supports little if any plant life. 
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Dumps are accumulations of waste rock, mine spoil, 
and other refuse that supports little if any plant life. Mine 
spoil initially is very strongly alkaline; however, after 3 or 
4 years, as a result of rapid oxidation ot" sulfides, the 
reaction of the surface layer becomes extremely acid. 

This unit has limited value for agricultural uses. The 
main limitations are low precipitation, lack of organic 
matter, rock fragments, and extreme acidity or alkalinity. 
The value of this unit as construction material depends, 
to a large extent, on the texture of the material. 

47-Piack gravelly loam, 0 to 8 percent slopes. 
This shallow and well drained soil is on broad terrace 
remnants. It formed in residuum derived dominantly from 
conglomerate. Areas are wide and elongated in shape 
and are 1 0 to 1 ,000 acres in size. The native vegetation 
is mainly grasses and forbs. Elevation is 5,000 to 6,000 
feet. The average annual precipitation is 12 to 14 inches, 
the average annual air temperature is 50 to 55 degrees 
F, and the average frost-free period is 150 to 180 days. 

Typically, the surface layer is grayish brown gravelly 
loam about 2 inches thick. Below this to a depth of 
about 15 inches is grayish brown and light brownish gray 
loam. Indurated caliche is at a depth of 17 inches. 

Included in this unit are small areas of Guy and Plack 
Variant soils on ridges, Manzano soils in valleys, and 
Lonti soils on hills. Included areas make up about 15 
percent of the total acreage. 

Permeability of this Plack soil is moderate. Available 
water capacity is very low. Effective rooting depth is 8 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
black grama, sideoats grama, New Mexico feathergrass, 
blue grama, and winterfat. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, ring muhly, fluffgrass, and sand muhly, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,200 
pounds per acre in favorable years to 400 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to the cemented pan and high lime 
content. 

Range management practices such as deferred
rotation grazing, water development, and proper grazing 
use are suited to this unit. Use of grazing systems that 
vary the seasons of grazing and rest during successive 
years promotes a balanced plant community that 
provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 

grazing for a year permits more seedlings to become 
established. 
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This unit is poorly suited to urban development. The 
main limitations are slope and depth to indurated caliche. 

48-Piack Variant-Guy complex, 1 to 8 percent 
slopes. This map unit is on ridges. Areas are irregular in 
shape and are 1 0 to 1 00 acres in size. The native 
vegetation is mainly grasses and forbs. Elevation is 
5,500 to 6,500 feet. The average annual precipitation is 
12 to 16 inches, the average annual air temperature is 
48 to 55 degrees F, and the average frost-free period is 
150 to 180 days. 

This unit is 50 percent Plack Variant gravelly loam and 
30 percent Guy gravelly loam. The components of this 
unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Lonti, Boysag, 
and Santana soils on hills and Manzano soils in valleys. 
Included areas make up about 20 percent of the total 
acreage. 

The Plack Variant soil is shallow and well drained. It 
formed in residuum derived dominantly from 
conglomerate. Typically, the surface layer is grayish 
brown gravelly loam about 5 inches thick. The 
substratum is light gray gravelly silt loam about 6 inches 
thick. Conglomerate is at a depth of 11 inches. 

Permeability of the Plack Variant soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 6 to 20 inches. Runoff is slow, and the hazard 
of water erosion is slight. The hazard of soil blowing is 
moderate. 

The Guy soil is deep and well drained. It formed in old 
alluvium and eolian material derived dominantly from 
conglomerate. Typically, the surface layer is grayish 
brown and light brown gravelly loam about 1 0 inches 
thick. The substratum to a depth of 60 inches or more is 
stratified pinkish gray, light gray, and light brown gravelly 
loam, gravelly loamy sand, and gravelly sandy loam. 

Permeability of the Guy soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,1 00 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 
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This unit is suited to use as rangeland. The main 
limitations are depth to rock of the Plack Variant soil and 
high lime content. 

Range management practices such as deferred
rotation grazing, proper range use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is poorly suited to urban development. The 
main limitations are depth to bedrock of the Plack 
Variant soil, high lime content, and slope. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

49-Piack Variant-Guy complex, 15 to 35 percent 
slopes. This map unit is on ridges. Areas are irregular in 
shape and are 1 0 to 1 00 acres in size. The native 
vegetation is mainly grasses and forbs. Elevation is 
5,500 to 6,500 feet. The average annual precipitation is 
12 to 16 inches, the average annual air temperature is 
48 to 55 degrees F, and the average frost-free period is 
150 to 180 days. 

This unit is 50 percent Plack Variant gravelly loam and 
30 percent Guy very cobbly loam. The components of 
this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Boysag, 
Santana, and Lonti soils on ridges and Manzano soils in 
valleys. Included areas make up about 20 percent of the 
total acreage. 

The Plack Variant soil is shallow and well drained. It 
formed in residuum derived dominantly from 
conglomerate. Typically, the surface layer is very dark 
grayish brown gravelly loam about 5 inches thick. The 
substratum is brown gravelly silt loam about 5 inches 
thick. Conglomerate is at a depth of 1 0 inches. 

Permeability of the Plack Variant soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 6 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

The Guy soil is deep and well drained. It formed in old 
alluvium and eolian material derived from conglomerate. 
Typically, the surface layer is dark grayish brown very 
cobbly loam about 8 inches thick. The substratum to a 
depth of 60 inches or more is light brownish gray and 
light gray gravelly loam, gravelly sandy loam, and 
gravelly loamy sand. 

Permeability of the Guy soil is moderately rapid. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
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hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, black grama, blue grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, sand dropseed, hairy grama, and Hall 
panicum, which commonly make up only a small part of 
the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,100 pounds per acre in favorable years to 375 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to bedrock of the Plack Variant soil 
and high lime content. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are depth to bedrock of the Plack 
Variant soil, high lime content, and slope. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

50-Riverwash. This map unit is in intermittent stream 
channels. Slope is 0 to 3 percent. Areas are long and 
narrow in shape and are 3 to 150 acres in size. This unit 
supports little if any vegetation. Elevation is 4,000 to 
7,000 feet. The average annual precipitation is 8 to 16 
inches, the average annual air temperature is 48 to 62 
degrees F, and the average frost-free period is 150 to 
220 days. 

Riverwash consists of sand, silt, and gravel that are 
periodically reworked by water. 

Included soils in this unit vary depending on the soils 
adjacent to the intermittent streams. Included areas 
make up about 15 percent of the total acreage. 

This unit is used as a source of sand and gravel. It 
has limited value for agr.icultural uses. 

51-Rock outcrop-Graham association, 5 to 25 
percent slopes. This map unit is on hills, ledges, 
benches, and ridges. Areas are irregular in shape and 
are 50 to 2,000 acres in size. The native vegetation is 
mainly grasses, forbs, and shrubs. Elevation is 4,500 to 
5,500 feet. The average annual precipitation is 8 to 12 
inches, the average annual air temperature is 58 to 62 
degrees F, and the average frost-free period is 180 to 
220 days. 
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fhis unit is 50 percent Rock outcrop and 30 percent 
Graham clay loam, 5 to 25 percent slopes. Rock outcrop 
is on ledges, ridges, hills, and benches, and the Graham 
soil is on hills. 

Included in this unit are small areas of Riverwash 
along stream channels, Lehmans soils on hills, and Tres 
Hermanos soils on alluvial fans. Included areas make up 
about 20 percent of the total acreage. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

The Graham soil is shallow and well drained. It formed 
in residuum derived dominantly from igneous rock. 
Typically, the surface layer is brown clay loam about 1 
inch thick. The subsoil is dark reddish gray and reddish 
brown clay about 12 inches thick. Andesite is at a depth 
of 13 inches. 

Permeability of the Graham soil is slow. Available 
water capacity is very low. Effective rooting depth is 8 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

black grama, bush muhly, blue grama, and sideoats 
grama. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, tobosa, 
Hall panicum, and tridens, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 750 pounds per acre in favorable 
years to 350 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to bedrock and the areas of Rock 
outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. It is important that the 
stocking rate be adjusted for the most efficient use of 
the available forage, especially that on the steeper 
slopes. 

52-Rock outcrop-Lithic Ustorthents complex, 15 
to 65 percent slopes. This map unit is on hills and 
mountains. Areas are irregular in shape and are 800 to 
6,000 acres in size. The native vegetation is mainly 
grasses and shrubs. Elevation is 5,500 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 50 percent Rock outcrop and 30 percent 
Lithic Ustorthents, 15 to 65 percent slopes. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Included in this unit are small areas of Santana, Santa 
Fe, Muzzler, and Luzena soils on hills and Manzano soils 
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in valleys. Included areas make up about 20 percent of 
the total acreage. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

Lithic Ustorthents are shallow and well drained. They 
formed in colluvium and residuum derived dominantly 
from acid igneous rock. Lithic Ustorthents are variable in 
their characteristics. No single profile is typical of these 
soils. 

Permeability of the Lithic Ustorthents is moderately 
slow to moderately rapid. Available water capacity is very 
low. Effective rooting depth is 4 to 20 inches. Runoff is 
rapid, and the hazard of water erosion is high. The 
hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, black grama, blue grama, New Mexico 
feathergrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and the areas of 
Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. Use of grazing systems 
that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

53-Rock outcrop-Luzena association, 25 to 60 
percent slopes. This map unit is on hills, ridges, ledges, 
cliffs, and escarpments. Slope is 25 to 60 percent. Areas 
are irregular in shape and are 300 to 2,500 acres in size. 
The native vegetation is mainly grasses, forbs, and 
shrubs. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 50 percent Rock outcrop and 30 percent 
Luzena gravelly clay loam, 25 to 60 percent slopes. 
Rock outcrop is on ridges, ledges, cliffs, and 
escarpments, and the Luzena soil is on hills. 

Included in this unit are small areas of Manzano soils 
in valleys, Muzzler and Abrazo soils and Lithic 
Ustorthents on hills, and Santana soils on hills and 
ridges. Included areas make up about 20 percent of the 
total acreage. 
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Rock outcrop consists of barren or nearly barren 
bedrock. 

The Luzena soil is shallow and well drained. It formed 
in residuum derived dominantly from andesite and 
rhyolite. Typically, the surface layer is brown gravelly clay 
loam about 3 inches thick. The subsoil is brown gravelly 
clay loam and clay about 7 inches thick. Andesite is at a 
depth of 1 0 inches. 

Permeability of the Luzena soil is slow. Available water 
capacity is very low. Effective rooting depth is 7 to 20 
inches. Runoff is rapid, and the hazard of water erosion 
is high. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, black grama, blue grama, New Mexico 
feathergrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and the areas of 
Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. Use of grazing systems 
that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

54-Rock outcrop-Muzzler association, 25 to 65 
percent slopes. This map unit is on hills, mountains, 
ledges, and ridges. Areas are irregular in shape and are 
200 to 2,000 acres in size. The native vegetation is 
mainly grasses, forbs, and shrubs. Elevation is 5,000 to 
7,000 feet. The average annual precipitation is 12 to 16 
inches, the average annual air temperature is 48 to 55 
degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 65 percent Rock outcrop and 25 percent 
Muzzler cobbly loam, 25 to 65 percent slopes. Rock 
outcrop is on ledges and ridges, and the Muzzler soil is 
on hills and mountains. 

Included in this unit are small areas of Santana and 
Luzena soils and Lithic Ustorthents on hills and 
mountains and Manzano soils in valleys. Included areas 
make up about 1 0 percent of the total acreage. 

Rock outcrop consists of barren or nearly barren 
bedrock. 

The Muzzler soil is shallow and well drained. It formed 
in residuum derived dominantly from rhyolite and other 
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acid igneous rock. Typically, the surface layer is dark 
brown cobbly loam about 5 inches thick. The subsoil is 
dark brown very cobbly clay loam about 8 inches thick. 
Acid igneous rock is at a depth of 13 inches. 

Permeability of the Muzzler soil is slow. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is rapid, and the hazard of water 
erosion is high. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, black grama, blue grama, New Mexico 
feathergrass, and juniper. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock, slope, and areas of Rock 
outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and trails are suited to this unit. Use of grazing systems 
that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. It is 
important that the stocking rate be adjusted for the most 
efficient use of the available forage, especially that on 
the steeper slopes. 

55-Ruidoso clay loam, 3 to 5 percent slopes. This 
deep and well drained soil is on terraces and alluvial 
fans and in valleys. It formed in alluvium derived from 
mixed sources. Areas are oblong in shape and are 4 to 
200 acres in size. The. native vegetation is mainly 
grasses. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average ·frost-free period is 150 to 180 days. 

Typically, the surface layer is dark brown clay loam 
about 3 inches thick. The subsoil is dark grayish brown 
and brown clay about 57 inches thick. 

Included in this unit are small areas of Lonti soils on 
toe slopes of hills and Manzano soils in valleys. Included 
areas make up about 15 percent of the total acreage. 

Permeability of the Ruidoso soil is slow. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

Most areas of this unit are used for irrigated crops and 
pasture. A few areas are used for livestock grazing, 
urban development, and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are clayey texture and slow permeability. 
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Furrow, border, corrugation, and sprinkler irrigation 
systems are suited to this unit. Maintaining crop residue 
on or near the surface reduces runoff, reduces soil 
blowing, and helps to maintain soil tilth and organic 
matter content. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. 

The potential plant community on this unit is mainly 
blue grama, sideoats grama, black grama, and tobosa. 
As the plant community deteriorates, the more desirable 
forage plants decrease and threeawn, fluffgrass, broom 
snakeweed, and burrograss, which commonly make up 
only a small part of the potential plant community, 
increase. The average annual production of air-dry 
vegetation ranges from 875 pounds per acre in favorable 
years to 300 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is moderately well suited to urban 
development. The main limitations are shrink-swell 
potential and restricted load supporting capacity. If 
buildings are constructed on this unit, properly designing 
foundations and footings and diverting runoff away from 
buildings help to prevent structural damage because of 
shrinking and swelling. In summer, irrigation is needed 
for lawn grasses, shrubs, vines, shade trees, and 
ornamental trees. 

This unit is moderately well suited to windbreaks and 
environmental plantings. The main limitations are slow 
permeability and low precipitation. Soil blowing can be 
reduced by cultivating only in the tree rows and by 
leaving a strip of vegetation between the rows. Among 
the trees that are suitable for planting are Arizona 
sycamore and Arizona cypress. Among the shrubs are 
autumn-olive and American plum. 

56-Ruldoso-Muzzler association, 5 to 15 percent 
slopes. This map unit is on hills and in valleys. Areas 
are oblong in shape and are 50 to 3,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 
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This unit is 45 percent Ruidoso clay loam, 5 to 8 
percent slopes, and 35 percent Muzzler cobbly loam, 5 
to 15 percent slopes. The Ruidoso soil is in valleys, and 
the Muzzler soil is on hills. 

Included in this unit are small areas of Rock outcrop 
on hills and ridges, Abrazo soils on hills, Manzano soils 
in valleys, and Luzena soils on hills. Included areas 
make up about 20 percent of the total acreage. 

The Ruidoso soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is dark brown clay loam about 3 inches 
thick. The next layer is dark brown clay loam about 8 
inches thick. Below this to a depth of 60 inches or more 
is very dark grayish brown clay. 

Permeability of the Ruidoso soil is slow. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

The Muzzler soil is shallow and well drained. It formed 
in residuum derived dominantly from rhyolite. Typically, 
the surface layer is very dark grayish brown cobbly loam 
about 2 inches thick. The subsoil is very dark gray very 
cobbly clay about 6 inches thick. Rhyolite is at a depth 
of 8 inches. 

Permeability of the Muzzler soil is slow. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing. 
The potential plant community on the Ruidoso soil is 

mainly blue grama, sideoats grama, black grama, and 
tobosa. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
fluffgrass, broom snakeweed, and burrograss, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 875 pounds 
per acre in favorable years to 300 pounds in unfavorable 
years. 

The potential plant community on the Muzzler soil is 
mainly sideoats grama, black grama, blue grama, New 
Mexico feathergrass, and juniper. As the plant 
community deteriorates, the more desirable forage plants 
decrease and threeawn, bullgrass, hairy grama, and 
broom snakeweed, which commonly make up only a 
small part of the potential plant community, increase. 
The average annual production of air-dry vegetation 
ranges from 1,300 pounds per acre in favorable years to 
450 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, fencing, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
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successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

57-Sampson-Dagflat complex, 3 to 12 percent 
slopes. This map unit is on the bottoms and si9es of 
intraridge valleys. Areas are irregular in shape and are 5 
to 200 acres in size. The native vegetation is mainly 
grasses and forbs. Elevation is 5,000 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 50 percent Sampson loamy sand, 3 to 9 
percent slopes, and 30 percent Dagflat loam, 3 to 12 
percent slopes. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
in valleys, Santana and Santa Fe soils on hills, and 
Camero soils in valleys. Included areas make up about 
20 percent of the total acreage. 

The Sampson soil is deep and well drained. It formed 
in alluvium derived dominantly from igneous rock. 
Typically, the upper part of the surface layer is brown 
loamy sand about 1 inch thick, and the lower part is dark 
grayish brown sandy clay loam about 2 inches thick. The 
subsoil is dark grayish brown and grayish brown sandy 
clay loam about 42 inches thick. The substratum to a 
depth of 60 inches or more is brown and light brown 
sandy clay loam. 

Permeability of the Sampson soil is moderate. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is medium, and the hazard 
of water erosion is moderate. The hazard of soil blowing 
is very high. 

The Dagflat soil is moderately deep and well drained. 
It formed in residuum derived dominantly from igneous 
rock. Typically, the surface layer is brown loam about 8 
inches thick. The subsoil is brown and dark reddish gray 
sandy clay loam and gravelly sandy clay loam about 23 
inches thick. Igneous rock is at a depth of 31 inches. 

Permeability of the Dagflat soil is moderate. Available 
water capacity is moderate. Effective rooting depth is 21 
to 40 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
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potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and fencing are suited to this unit. Use of grazing 
systems that vary the seaso_ns of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is moderately well suited to urba·n 
development. The main limitations are slope, depth to 
rock, and restricted load supporting capacity. In summer, 
irrigation is needed for lawn grasses, shrubs, vines, 
shade trees, and ornamental trees. 

58-Sanloren-Majada Variant complex, 1 to 15 
percent slopes. This map unit is on terrace remnants 
and ridges. Areas are oval in shape and are 2 to 300 
acres in size. The native vegetation is mainly grasses 
and forbs. Elevation is 5,500 to 6,500 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 55 percent San loren loam, 1 to 1 0 percent 
slopes, and 30 percent Majada Variant cobbly loam, 1 to 
15 percent slopes. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are small areas of Manzano soils 
along drainageways, Tesajo soils on old terraces, and 
Ruidoso soils on terraces. Included areas make up about 
15 percent of the total acreage. 

The Sanloren soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is brown loam about 1 0 inches thick. The 
upper 1 0 inches of the subsoil is brown clay loam, and 
the lower 17 inches is brown very cobbly clay. The 
substratum to a depth of 60 inches or more is brown 
very cobbly sandy clay loam. 

Permeability of the Sanloren soil is moderately slow. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

The Majada Variant soil is deep and well drained. It 
formed in alluvium derived dominantly from mixed 
sources. Typically, the surface layer is brown cobbly 
loam about 11 inches thick. The subsoil to a depth of 60 
inches or more is brown very cobbly loam. 
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Permeability of the Majada Variant soil is moderately 
slow. Available water capacity is moderate. Effective 
rooting depth is 60 inches or more. Runoff is medium, 
and the hazard of water erosion is moderate. The hazard 
of soil blowing is moderate. 

The smoother, less sloping areas of this unit are used 
for irrigated crops and pasture. Many areas are used for 
livestock grazing. 

This unit is better suited to pasture than to cultivated 
crops. If the unit is used for irrigated crops and pasture, 
the main limitations are slope, coarse fragments on the 
surface, and the content of gravel and cobbles. Furrow, 
border, corrugation, and sprinkler irrigation systems are 
suited to this unit. Maintaining crop residue on or near 
the surface reduces runoff, reduces soil blowing, and 
helps to maintain soil tilth and organic matter content. 
Yields of crops can be maintained or increased by using 
fertilizer. Most crops, except legumes, respond to 
nitrogen. Legumes respond to phosphate. Rotation 
grazing helps to maintain the quality and quantity of 
forage. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, water development, 
and fencing are suited to this unit. Use of grazing 
systems that var\j the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock grazing 
for a year permits more seedlings to become 
established. 

59-Santa Fe-Rock outcrop complex, 5 to 15 
percent slopes. This map unit is on hills and ridges. 
Areas are irregular in shape and are 1 0 to 300 acres in 
size. The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 55 percent Santa Fe gravelly sandy loam, 
5 to 15 percent slopes, and 20 percent Rock outcrop. 
The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 
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Included in this unit are small areas of Santa Fe soils 
that have slopes of more than 15 percent and Carnero 
and Dagflat soils in intraridge valleys and on side slopes. 
Included areas make up about 25 percent of the total 
acreage. 

The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is dark brown gravelly 
sandy loam about 2 inches thick. The subsoil is dark 
brown very gravelly clay loam about 16 inches thick. 
Acid igneous rock is at a depth of 18 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

Rock outcrop consists of barren or nearly barren 
exposures of bedrock. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
black grama, New Mexico feathergrass, sideoats grama, 
and blue grama. As the plant community deteriorates, 
the more desirable forage plants decrease and · 
threeawn, ring muhly, and sand dropseed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock and Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is poorly suited to urban development. The 
main limitations are slope, depth to bedrock, and Rock 
outcrop. In summer, irrigation is needed for lawn 
grasses, shrubs, vines, shade trees, and ornamental 
trees. 

60-Santa Fe-Rock outcrop complex, 20 to 45 
percent slopes. This map unit is on hills, mountains, 
and ridges. Areas are irregular in shape and are 20 to 
3,000 acres in size. The native vegetation is mainly 
pinyon, juniper, and grasses. Elevation is 5,500 to 7,000 
feet. The average annual precipitation is 14 to 16 inches, 
the average annual air temperature is 48 to 55 degrees 
F, and the average frost-free period is 150 to 180 days. 

This unit is 55 percent Santa Fe gravelly sandy loam, 
20 to 45 percent slopes, and 25 percent Rock outcrop. 



48 

The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are small areas of Santa Fe soils 
that have slopes of less than 20 percent, Manzano soils 
in upland valleys, Gaddes soils on ridges, and Luzena, 
Abrazo, and Santana soils on hills. Included areas make 
up about 20 percent of the total acreage. 

The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is dark brown gravelly 
sandy loam about 2 inches thick. The .subsoil is dark 
brown very gravelly loam and very gravelly clay loam 
about 14 inches thick. Acid igneous rock is at a depth of 
16 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is high. 

Rock outcrop consists of barren or nearly barren 
exposures of bedrock. 

This unit is used for livestock grazing and urban 
development and as woodland. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, plains 
lovegrass, and shrub live oak. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, depth to bedrock, and Rock 
outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are slope, depth to bedrock, and Rock 
outcrop. In summer, irrigation is needed for lawn 
grasses, shrubs, vines, shade trees, and ornamental 
trees. 

This unit is well suited to pinyon and juniper 
production. It supports stands with a basal area of about 
40 square feet per acre. The potential for firewood, mine 
supports, and fenceposts is good, and the potential for 
pinyon nuts and Christmas trees is excellent. Tp prevent 
deterioration of the woodland, the stands of pinyon and 
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juniper on this unit should be managed for a combination 
of uses, including firewood production. 

61-Santa Fe, dry-Rock outcrop complex, 25 to 70 
percent slopes. This map unit is on hills, mountains, 
and ridges. Areas are irregular in shape and are 200 to 
4,000 acres in size. The native vegetation is mainly 
grasses and forbs. Elevation is 5,000 to 7,000 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 55 percent Santa Fe gravelly sandy loam, 
25 to 70 percent slopes, and 25 percent Rock outcrop. 
The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are small areas of Manzano soils 
in upland valleys; Gaddes soils on ridges; Lonti, Luzena, 
Muzzler, and Santana soils on hills; and Lithic 
Ustorthents on hills and mountains. Included areas make 
up about 20 percent of the total acreage. 

The Santa Fe soil is shallow and well drained. It 
formed in residuum derived dominantly from acid igneous 
rock. Typically, the surface layer is very dark grayish 
brown gravelly sandy loam about 4 inches thick. The 
subsoil is very dark grayish brown very gravelly loam 
about 1 0 inches thick. Acid igneous rock is at a depth of 
14 inches. 

Permeability of the Santa Fe soil is moderate. 
Available water capacity is very low. Effective rooting 
depth is 8 to 20 inches. Runoff is rapid, and the hazard 
of water erosion is high. The hazard of soil blowing is 
high. 

Rock outcrop consists of barren or nearly barren 
exposures of bedrock. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, and New 
Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unf~vorable years. 

This unit is suited to use as rangeland. The main 
limitations are slope, depth to rock, and Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 
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62-Santana loamy sand, 15 to 25 percent slopes. 
This shallow, well drained soil is on hills. It formed in 
residuum derived dominantly from granite. Areas are oval 
in shape and are 1 00 to 800 acres in size. The native 
vegetation is mainly ponderosa pine and pinyon. 
Elevation is 6,000 to 7,000 feet. The average annual 
precipitation is 14 to 16 inches, the average annual air 
temperature is 48 to 52 degrees F, and the average 
frost-free period is 150 to 170 days. 

Typically, the surface layer is dark grayish brown 
loamy sand about 6 inches thick. The substratum is 
grayish brown loam about 7 inches thick. Granite is at a 
depth of about 13 inches. 

Included in this unit are small areas of Santana soils 
that have slopes of less than 15 percent, Santa Fe and 
Gaddes soils on hills and ridges, and Rock outcrop on 
ledges, escarpments, and ridges. Included areas make 
up about 15 percent of the total acreage. 

Permeability of the Santana soil is moderate. Available 
water capacity is very low. Effective rooting depth is 4 to 
16 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is very 
high. 

This unit is used for urban development and as 
woodland. 

This unit is poorly suited to urban development. The 
main limitations are slope, depth to bedrock, and sandy 
texture. In summer, irrigation is needed for lawn grasses, 
shrubs, vines, shade trees, and ornamental trees. 

This unit is moderately well suited to ponderosa pine 
production. It can produce 710 to 1,650 cubic feet, or 
3,500 to 7,000 board feet (Scribner rule), of 
merchantable timber per acre from an even-aged, fully 
stocked stand of trees 80 years old. The site index for 
this unit ranges from 60 to 70. The main concern in 
producing and harvesting timber is the hazard of water 
erosion. Trees are subject to windthrow because of the 
limited rooting depth. 

63-Santana-Rock outcrop complex, 1 to 25 
percent slopes. This map unit is on hills and ridges. 
Areas are irregular in shape and are 1 0 to 800 acres in 
size. The native vegetation is mainly grasses and shrubs. 
Elevation is 5,500 to 7,000 feet. The average annual 
precipitation is 12 to 16 inches, the average annual air 
temperature is 48 to 55 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 45 percent Santana loam, 1 to 25 percent 
slopes, and 40 percent Rock outcrop. The components 
of this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Boysag, Lonti, 
and Muzzler soils on hills; Santana soils, near the 
"Kneeling Nun" area, that have slopes of more than 25 
percent; and Santa Fe soils on hills and mountains. 
Included areas make up about 15 percent of the total 
acreage. 
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The Santana soil is shallow and well drained. It formed 
in residuum derived dominantly from granite. Typically, 
the surface layer is dark grayish brown loam about 8 
inches thick. The substratum is dark grayish brown 
gravelly loam about 4 inches thick. Granite is at a depth 
of about 12 inches. 

Permeability of the Santana soil is moderate. Available 
water capacity is very low. Effective rooting depth is 4 to 
16 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

Rock outcrop consists of barren or nearly barren 
exposures of bedrock. 

This unit is used for livestock grazing and urban 
development. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, black grama, New Mexico 
feathergrass, and shrub live oak. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to bedrock and areas of Rock 
outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

This unit is poorly suited to urban development. The 
main limitations are slope, depth to bedrock, and Rock 
outcrop. In summer, irrigation is needed for lawn 
grasses, shrubs, vines, shade trees, and ornamental 
trees. 

64-Santana-Rock outcrop complex, 15 to 35 
percent slopes. This map unit is on hills and ridges. 
Areas are irregular in shape and are 200 to 2,000 acres 
in size. The native vegetation is mainly grasses and 
forbs. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 12 to 16 inches, the average 
annual air· temperature is 48 to 55 degrees F, and the 
average frost-free period is 150 to 180 days. 

This unit is 60 percent Santana sandy loam, 15 to 35 
percent slopes, and 20 percent Rock outcrop. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 
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Included in this unit are small areas of moderately 
deep soils, on toe slopes, that are similar to the Santana 
soil; Manzano soils along drainageways; Lithic 
Ustorthents on hills and mountains; and Boysag, Santa 
Fe, and Lonti soils on hills. Included areas make up 
about 20 percent of the total acreage. 

The Santana soil is shallow and well drained. It formed 
in residuum derived dominantly from granite and other 
acid igneous rock. Typically, the surface layer is dark 
brown sandy loam about 4 inches thick. The substratum 
is dark brown loam about 1 0 inches thick. Acid igneous 
rock is at a depth of about 14 inches. 

Permeability of the Santana soil is moderate. Available 
water capacity is very low. Effective rooting depth is 4 to 
16 inches. Runoff is rapid, and the hazard of water 
erosion is high. The hazard of soil blowing is high. 

Rock outcrop consists of barren or nearly barren 
exposures of bedrock. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

sideoats grama, blue grama, black grama, shrub live oak, 
and New Mexico feathergrass. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, bullgrass, hairy grama, and broom 
snakeweed, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 
1 ,300 pounds per acre in favorable years to 450 pounds 
in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to rock and areas of Rock outcrop. 

Range management practices such as deferred
rotation grazing, proper grazing use, and trails are suited 
to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. It is important 
that the stocking rate be adjusted for the most efficient 
use of the available forage, especially that on the 
steeper slopes. 

65-Stellar-Mohave association, 0 to 5 percent 
slopes. This map unit is on alluvial plains and fans and 
in upland drainageways and depressional areas. Areas 
are irregular in shape and are 50 to 5,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 8 to 12 inches, the average annual air 
temperature is 58 to 62 degrees F, and the average 
frost-free period is 180 to 220 days. 

This unit is 50 percent Stellar sandy clay loam, 0 to 2 
percent slopes, and 35 percent Mohave sandy clay 
loam, 1 to 5 percent slopes. The Stellar soil is on alluvial 
plains and in drainageways and depressional areas, and 
the Mohave soil is on alluvial fans and plains. 

Included in this unit are small areas of Bucklebar soils 
on plains and alluvial fans, Continental soils on plains 
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and along drainageways, Sonoita soils on alluvial fans, 
and Mimbres soils along intermittent streams. Included 
areas make up about 15 percent of the total acreage. 

The Stellar soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is brown sandy clay loam about 8 inches 
thick. The subsoil is reddish brown clay and clay loam 
about 27 inches thick. The substratum to a depth of 60 
inches or more is pink gravelly clay loam. 

Permeability of the Stellar soil is slow. Available water 
capacity is high. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is moderate. 

The Mohave soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is pale brown sandy clay loam about 3 
inches thick. The subsoil is brown and light brown clay 
loam about 36 inches thick. The substratum to a depth 
of 60 inches or more is light brown sandy loam and 
sandy clay loam. 

Permeability of the Mohave soil is moderately slow. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on the Stellar soil is 

mainly tobosa, black grama, alkali sacaton, and vine
mesquite. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, mat muhly, and mesquite, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-diy vegetation ranges from 600 pounds per acre in 
favorable years to 200 pounds in unfavorable years. 

The potential plant community on the Mohave soil is 
mainly black grama, bush muhly, tobosa, and sand 
dropseed. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, ring muhly, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 675 pounds per acre in 
favorable years to 275 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are low precipitation and clayey texture. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 
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66-Stellar-Verhalen-Mimbres association, 0 to 2 
percent slopes. This map unit is on alluvial plains and 
fans, on valley bottoms and basin floors, along 
intermittent streams, and in playas. Areas are elongated 
in shape and are 20 to 1 ,500 acres in size. The native 
vegetation is mainly grasses and forbs. Elevation is 
4,000 to 5,000 feet. The average annual precipitation is 
8 to 12 inches, the average annual air temperature is 58 
to 62 degrees F, and the average frost-free period is 180 
to 220 days. 

This unit is 40 percent Stellar silty clay loam, 0 to 2 
percent slopes; 20 percent Verhalen clay, 0 to 1 percent 
slopes; and 15 percent Mimbres silty clay loam, 0 to 1 
percent slopes. The Stellar soil is on alluvial fans and 
plains, the Verhalen soil is on valley bottoms and basin 
floors, and the Mimbres soil is along intermittent streams 
and in playas. 

Included in this unit are small areas of Mohave soils 
on alluvial fans, Hondale soils in playas, and Riverwash 
in stream channels. Included areas make up about 25 
percent of the total acreage. 

The Stellar soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is light brown silty clay loam about 6 inches 
thick. The subsoil is reddish brown clay about 20 inches 
thick. The substratum to a depth of 60 inches or more is 
light reddish brown clay loam. 

Permeability of the Stellar soil is slow. Available water 
capacity is high. Effective rooting depth is 60 inches or 
more. Runoff is slow, and the hazard of water erosion is 
slight. The hazard of soil blowing is moderate. 

The Verhalen soil is deep and moderately well drained. 
It formed in alluvium derived from mixed sources. 
Typically, the surface layer is pinkish gray clay about 1 0 
inches thick. The substratum to a depth of 60 inches or 
more is brown clay. 

Permeability of the Verhalen soil is very slow. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
in July through September. 

The Mimbres soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is brown silty clay loam about 6 inches 
thick. The subsoil is reddish brown silty clay loam about 
17 inches thick. The substratum to a depth of 60 inches 
or more is reddish brown silty clay loam. 

Permeability of the Mimbres soil is moderately slow. 
Available water capacity is high. Effective rooting depth 
is 60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is 
moderate. This soil is subject to rare, very brief periods 
of flooding in July through September. 

This unit is used for livestock grazing. 
The potential plant community on the Stellar soil is 

mainly tobosa, black grama, alkali sacaton, and vine-
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mesquite. As the plant community deteriorates, the more 
desirable forage plants decrease and threeawn, 
burrograss, mat muhly, and mesquite, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 600 pounds in favorable 
years to 200 pounds in unfavorable years. 

The potential plant community on the Verhalen and 
Mimbres soils is mainly tobosa, alkali sacaton, giant 
sacaton, and vine-mesquite. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, mat muhly, and mesquite, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 2,500 
pounds per acre in favorable years to 600 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are clayey texture, the hazard of soil blowing, 
and low precipitation. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this ·unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

67-Stirk Variant silty clay loam, 0 to 1 percent 
slopes. This deep and moderately well drained soil is on 
flood plains and alluvial fans. It formed in alluvium 
derived from mixed sources. Areas are qblong in shape 
and are 3 to 150 acres in size. The native vegetation is 
mainly grasses. Elevation is 5,000 to 6,500 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

Typically, the surface layer is light brownish gray silty 
clay loam about 2 inches thick. The substratum to a 
depth of 60 inches or more is light brownish gray silty 
clay and clay. 

Included in this unit are small areas of Haverson, 
Manzano, Paymaster, and Ellicott soils on flood plains 
and soils that are similar to this Stirk Variant soil but 
have a water table at a depth of 2 to 4 feet. Included 
areas make up about 20 percent of the total acreage. 

Permeability of this Stirk Variant soil is very slow. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is high. This soil is subject to rare, very brief 
periods of flooding from July through September. 

Most areas of this unit are used for irrigated pasture. 
In some areas other irrigated crops such as alfalfa and 
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barley are grown. Some areas are used for livestock 
grazing and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are clayey soil texture and the hazards 
of flooding and soil blowing. Furrow, border, corrugation, 
and sprinkler irrigation systems are suited to this unit. 
Maintaining crop residue on or near the surface reduces 
soil blowing and helps to maintain soil tilth and organic 
matter content. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes·, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. Timely harvesting improves the quality 
of crops. The risk of flooding can be reduced by the use 
of dikes, levees, and diversions. 

The potential plant community on this unit is mainly 
giant sacaton, western wheatgrass, vine-mesquite, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and tobosa, 
threeawn, burrograss, and fluffgrass, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 4,000 pounds per acre in 
favorable years to 1 ,200 pounds in unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management. practices such as deferred
rotation grazing, proper grazing use, and wate'r 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

This unit is moderately well suited to windbreaks and 
environmental plantings. The main limitations are the 
hazard of soil blowing and clayey texture. Soil blowing 
can be reduced by cultivating only in the tree rows and 
by leaving a strip of vegetation between the rows. 
Among the trees that are suitable for planting are 
Lombardy poplar and Arizona sycamore. Among the 
shrubs are smooth sumac and autumn-olive. 

68-Tesajo very gravelly loam, 8 to 15 percent 
slopes. This deep and well drained soil is on alluvial 
fans and foot slopes. It formed in alluvium derived from 
mixed sources. Areas are irregular in shape and are 5 to 
300 acres in size. The native vegetation is mainly 
grasses and shrubs. Elevation is 5,500 to 6,500 feet. The 
average annual precipitation is 12 to 16 inches, the 
average annual air temperature is 48 to 55 degrees F, 
and the average frost-free period is 150 to 180 days. 

Typically, the surface layer is brown very gravelly loam 
about 3 inches thick. The subsoil is brown very gravelly 
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loam about 21 inches thick. The substratum to a depth 
of 60 inches or more is brown very gravelly loam. 

Included in this unit are small areas of Santana, Santa 
Fe, and Guy soils on hills, Ruidoso and Manzano soils 
on alluvial fans and in valleys, and Paymaster soils on 
foot slopes. Included areas make up about 15 percent of 
the total acreage. 

Permeability of this Tesajo soil is moderately rapid. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
slight. 

Most areas of this unit are used for livestock grazing. 
A few areas are used for urban development. 

The potential plant community on this unit is mainly 
black grama, New Mexico feathergrass, sideoats grama, 
and blue grama. As the plant community deteriorates, 
the more desirable forage plants decrease and 
threeawn, ring muhly, and sand dropseed, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 1,300 
pounds per acre in favorable years to 450 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. · 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is poorly suited to urban development. The 
main limitations are slope and coarse fragments. If the 
density of housing is moderate to high, community 
sewage systems are needed to prevent contamination of 
water supplies as a result of seepage from onsite 
sewage disposal systems. In summer, irrigation is 
needed for lawn grasses, shrubs, vines, shade trees, and 
ornamental trees. 

69-Tesajo-Manzano complex, 1 to 3 percent 
siOP!!S. This map unit is on flood plains and alluvial fans. 
Areas are oval in shape and are 1 0 to 1 00 acres in size. 
The native vegetation is mainly grasses. Elevation is 
5,000 to 6,500 feet. The average annual precipitation is 
12 to 16 inches, the average annual air temperature is 
48 to 55 degrees F, and the average frost-free period is 
150 to 180 days. 

This unit is 55 percent Tesajo gravelly sandy loam and 
15 percent Manzano gravelly sandy clay loam. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 
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Included in this unit are small areas of Riverwash 
along streams, Paymaster and Ellicott soils on flood 
plains, and soils that are similar to the Manzano soil but 
are gravelly in the subsoil and substratum. Included 
areas make up about 30 percent of the total acreage. 

The Tesajo soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is dark brown gravelly sandy loam about 9 
inches thick. The substratum to a depth of 60 inches or 
more is dark brown very cobbly sandy clay loam. 

Permeability of the Tesajo soil is moderately rapid. 
Available water capacity is low. Effective rooting depth is 
60 inches or more. Runoff is slow, and the hazard of 
water erosion is slight. The hazard of soil blowing is high. 
This soil is subject to rare, very brief periods of flooding 
in July through September. 

The Manzano soil is deep and well drained. It formed 
in alluvium derived from mixed sources. Typically, the 
surface layer is dark brown gravelly sandy clay loam 
about 11 inches thick. The substratum to a depth of 60 
inches or more is very dark grayish brown and brown 
loam and clay loam. 

Permeability of the Manzano soil is moderate. 
Available water capacity is very high. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is moderate. This soil is subject to rare, very 
brief periods of flooding in July through September. 

This unit is used for irrigated crops and pasture and 
for livestock grazing and windbreaks. 

If this unit is used for irrigated crops and pasture, the 
main limitations are the gravelly surface layer of the soils 
and the hazard of flooding. Furrow, border, corrugation, 
and sprinkler irrigation systems are suited to this unit. 
Maintaining crop residue on or near the surface reduces 
soil blowing and helps to maintain soil tilth and organic 
ry1atter content. Yields of crops can be maintained or 
increased by using fertilizer. Most crops, except legumes, 
respond to nitrogen. Legumes respond to phosphate. 
Rotation grazing helps to maintain the quality and 
quantity of forage. Timely harvesting improves the quality 
of crops. The risk of flooding can be reduced by the use 
of dikes, levees, and diversions. 

The potential plant community on this unit is mainly 
sideoats grama, blue grama, vine-mesquite, New Mexico 
feathergrass, and black grama. As the plant community 
deteriorates, the more desirable forage plants decrease 
and threeawn, fluffgrass, sand dropseed, and ring muhly, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 1 ,000 
pounds per acre in favorable years to 350 pounds in 
unfavorable years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
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suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

This unit is moderately well suited to windbreaks and 
environmental plantings. The main limitations are the 
hazard of soil blowing and the content of coarse 
fragments in the soils. Soil blowing can be reduced by 
cultivating only in the tree rows and by leaving a strip of 
vegetation between the rows. Among the trees that are 
suitable for planting are Rocky Mountain juniper and 
Russian-olive. Among the shrubs are squawbush and 
American plum. 

70-Tres Hermanos gravelly sandy clay loam, 0 to 
8 percent slopes. This deep and well drained soil is on 
alluvial fans and foot slopes. It formed in alluvium 
derived from mixed sources. Areas are irregular in shape 
and are 400 to 1 ,500 acres in size. The native vegetation 
is mainly grasses and shrubs. Elevation is 4,000 to 5,500 
feet. The average annual precipitation is 8 to 12 inches, 
the average annual air temperature is 58 to 62 degrees 
F, and the average frost-free period is 180 to 220 days. 

Typically, the surface layer is brown gravelly sandy 
clay loam about 4 inches thick. The subsoil is brown 
gravelly clay loam about 1 0 inches thick. The substratum 
to a depth of 60 inches or more is pinkish white gravelly 
sandy loam. 

Included in this unit are small areas of eroded Tres 
Hermanos soils on foot slopes and ridges, Bucklebar 
and Continental soils on plains, and Nickel S()ils on side 
slopes. Included areas make up about 20 percent of the 
total acreage. 

Permeability of the Tres Hermanos soil is moderate. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

bush muhly, black grama, Arizona cottontop, 
creosotebush, and plains bristlegrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and fluffgrass, sand dropseed, and burrograss, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 500 pounds 
per acre in favorable years to 125 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. The main 
limitations are low precipitation and high lime content. 

Range management practices such as deferred
rotation grazing, proper grazing use, fencing, and water 
development are suited to this unit. Use of grazing 
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systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

71-Tres Hermanos-Lehmans association, 1 to 15 
percent slopes. This map unit is on piedmonts and hills. 
Areas are irregular in shape and are 300 to 2,000 acres 
in size. The native vegetation is mainly shrubs and 
grasses. Elevation is 4,000 to 5,000 feet. The average 
annual precipitation is 8 to 12 inches, the average 
annual air temperature is 58 to 62 degrees F, and the 
average frost-free period is 180 to 220 days. 

This unit is 50 percent Tres Hermanos gravelly sandy 
clay loam, 1 to 8 percent slopes, and 30 percent 
Lehmans gravelly sandy clay loam, 8 to 15 percent 
slopes. The Tres Hermanos soil is on piedmonts, and 
the Lehmans soil is on hills. 

Included in this unit are small areas of Nickel soils on 
side slopes, Continental soils on alluvial fans, and Rock 
outcrop. Included areas make up about 20 percent of the 
total acreage. 

The Tres Hermanos soil is deep and well drained. It 
formed in alluvium derived from mixed sources. Typically, 
the surface layer is reddish brown gravelly sandy clay 
loam about 3 inches thick. The subsoil is reddish brown 
clay loam and gravelly clay loam about 1 0 inches thick. 
The substratum to a depth of 60 inches or more is pink 
gravelly sandy loam. 

Permeability of the Tres Hermanos soil is moderate. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is moderate. 

The Lehmans soil is shallow and well drained. It 
formed in residuum derived from acid igneous rock. 
Typically, the surface layer is strong brown gravelly 
sandy clay loam about 3 inches thick. The subsoil is 
reddish brown clay about 14 inches thick. Acid igneous 
rock is at a depth of 17 inches. 

Permeability of the Lehmans soil is slow. Available 
water capacity is very low. Effective rooting depth is 10 
to 20 inches. Runoff is medium, and the hazard of water 
erosion is moderate. The hazard of soil blowing is 
moderate. 

This unit is used for livestock grazing. 
The potential plant community on the Tres Hermanos 

soil is mainly bush muhly, black grama, Arizona 
cottontop, creosotebush, and plains bristlegrass. As the 
plant community deteriorates, the more desirable forage 
plants decrease and fluffgrass, sand dropseed, and 
burrograss, which commonly make up only a small part 
of the potential plant community, increase. The average 
annual production of air-dry vegetation ranges from 500 
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pounds per acre in favorable years to 125 pounds in 
unfavorable years. 

The potential plant community on the Lehmans soil is 
mainly black grama, bush muhly, blue grama, and 
sideoats grama. As the plant community deteriorates, the 
more desirable forage plants decrease and threeawn, 
tobosa, Hall panicum, and tridens, which commonly 
make up only a small part of the potential plant 
community, increase. The average annual production of 
air-dry vegetation ranges from 800 pounds per acre in 
favorable years to 200 pounds in unfavorable years. 

This unit is suited to use as rangeland. The main 
limitations are depth to bedrock of the Lehmans soil, low 
precipitation, and the hazard of soil blowing. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

72-Tres Hermanos-Upton complex, 0 to 5 percent 
slopes. This map unit is on alluvial fans, terraces, and 
foot slopes. Areas are oblong in shape and are 500 to 
5,000 acres in size. The native vegetation is mainly 
shrubs and grasses. Elevation is 4,000 to 5,000 feet. The 
average annual precipitation is 8 to 12 inches, the 
average annual air temperature is 58 to 62 degrees F, 
and the average frost-free period is 180 to 220 days. 

This unit is 40 percent Tres Hermanos fine sandy loam 
and 40 percent Upton gravelly loam. The components of 
this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are small areas of Mimbres soils 
along intermittent streams, Mohave and Stellar soils on 
fans and plains, and Nickel soils on side slopes. Included 
areas make up about 20 percent of the total acreage. 

The Tres Hermanos soil is deep and well drained. It 
formed in alluvium derived from mixed sources. Typically, 
the surface layer is light brown fine sandy loam about 2 
inches thick. The subsoil is brown and light brown clay 
loam and gravelly clay loam about 16 inches thick. The 
substratum to a depth of 60 inches or more is pinkish 
white gravelly loam. 

Permeability of this Tres Hermanos soil is moderate. 
Available water capacity is moderate. Effective rooting 
depth is 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight. The hazard of soil 
blowing is high. 

The Upton soil is shallow and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is pale brown gravelly loam about 3 inches 
thick. The subsoil is brown gravelly clay loam about 9 
inches thick. The substratum is brown very gravelly clay 
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loam about 2 inches thick. Indurated caliche is at a 
depth of about 14 inches. 

Permeability of the Upton soil is moderate. Available 
water capacity is very low. Effective rooting depth is 7 to 
20 inches. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

bush muhly, black grama, Arizona cottontop, 
creosotebush, and plains bristlegrass. As the plant 
community deteriorates, the more desirable forage plants 
decrease and fluffgrass, sand dropseed, and burrograss, 
which commonly make up only a small part of the 
potential plant community, increase. The average annual 
production of air-dry vegetation ranges from 500 pounds 
per acre in favorable years to 125 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. The main 
limitations are depth to caliche in the Upton soil, low 
precipitation, and the hazard of soil blowing. 

Range management practices such as deferred
rotation grazing, proper grazing use, and fencing are 
suited to this unit. Use of grazing systems that vary the 
seasons of grazing and rest during successive years 
promotes a balanced plant community that provides 
high-quality forage throughout the year. Compacting the 
seedbed produces better contact between the seed and 
the soil. Deferring livestock grazing for a year permits 
more seedlings to become established. 

73-White House-Ruidoso association, 0 to 8 
percent slopes. This map unit is on hillsides, in valleys, 
and on alluvial fans. Slope is 0 to 8 percent. Areas are 
irregular in shape and are 500 to 3,000 acres in size. 
The native vegetation is mainly grasses and forbs. 
Elevation is 4,800 to 5,500 feet. The average annual 
precipitation is 1 0 to 12 inches, the average annual air 
temperature is 57 to 60 degrees F, and the average 
frost-free period is 180 to 200 days. 

This unit is 60 percent White House sandy clay loam, 
1 to 8 percent slopes, and 20 percent Ruidoso clay 
loam, 0 to 5 percent slopes. The White House soil is on 
hillsides and alluvial fans, and the Ruidoso soil is in 
valleys and on alluvial fans. 

Included in this unit are small areas of Mohave soils 
on alluvial fans, Stellar soils on plains, Riverwash along 
stream channels, and Conger soils on ridges and alluvial 
fans. Included areas make up about 20 percent of the 
total acreage. 

The White House soil is deep and well drained. It 
formed in alluvium derived dominantly from 
conglomerate. Typically, the surface layer is strong 
brown sandy clay loam about 3 inches thick. The subsoil 
is yellowish red clay about 17 inches thick. The 
substratum is yellowish red very gravelly sandy clay loam 
about 5 inches thick over a buried subsoil and 

substratum that are yellowish red clay, sandy clay, and 
gravelly sandy clay. 
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Permeability of the White House soil is slow. Available 
water capacity is moderate. Effective rooting depth is 60 
inches or more. Runoff is medium, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
moderate. 

The Ruidoso soil is deep and well drained. It formed in 
alluvium derived from mixed sources. Typically, the 
surface layer is dark brown clay loam about 1 0 inches 
thick. The subsoil is dark brown clay 40 inches thick. The 
substratum to a depth of 60 inches or more is brown 
sandy clay loam. 

Permeability of the Ruidoso soil is slow. Available 
water capacity is very high. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is slight. The hazard of soil blowing is moderate. 

This unit is used for livestock grazing. 
The potential plant community on this unit is mainly 

tobosa, black grama, vine-mesquite, blue grama, and 
alkali sacaton. As the plant community deteriorates, the 
more desirable forage plants decrease and threeawn, 
burrograss, mat muhly, fluffgrass, and mesquite, which 
commonly make up only a small part of the potential 
plant community, increase. The average annual 
production of air-dry vegetation ranges from 700 pounds 
per acre in favorable years to 250 pounds in unfavorable 
years. 

This unit is suited to use as rangeland. It has few 
limitations. 

Range management practices such as deferred
rotation grazing, proper grazing use, and water 
development are suited to this unit. Use of grazing 
systems that vary the seasons of grazing and rest during 
successive years promotes a balanced plant community 
that provides high-quality forage throughout the year. 
Compacting the seedbed produces better contact 
between the seed and the soil. Deferring livestock 
grazing for a year permits more seedlings to become 
established. 

Use and management of the soils 
This soil survey is an inventory and evaluation of the 

soils in the survey area. It can be used to adjust land 
uses to the limitations and potentials of natural 
resources and the environment. Also, it can help avoid 
soil-related failures in ·land uses. 

In preparing a soil survey, soil scientists, 
conservationists, engineers, and others collect extensive 
field data about the nature and behavior characteristics 
of the soils. They collect data on erosion, droughtiness, 
flooding, and other factors that affect various soil uses 
and management. Field experience and collected data 
on soil properties and performance are used as a basis 
in predicting soil behavior. 
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Information in this section can be used to plan the use 
and management of soils for crops and pasture: as 
rangeland and woodland; as sites for buildings, sanitary 
facilities, highways and other transportation systems, and 
parks and other recreation facilities: and for wildlife 
habitat. It can be used to identify the potentials and 
limitations of each soil for specific land uses and to help 
prevent construction failures caused by unfavorable soil 
properties. 

Planners and others using soil survey information can 
evaluate the effect of specific land uses on productivity 
and on the environment in all or part of the survey area. 
The survey can help planners to maintain or create a 
land use pattern in harmony with the natural soil. 

Contractors can use this survey to locate sources of 
sand and gravel, roadfill, and topsoil. They can use it to 
identify areas where bedrock, wetness, or very firm soil 
layers can cause difficulty in excavation. 

Health officials, highway officials, engineers, and 
others may also find this survey useful. The survey can 
help them plan the safe disposal of wastes and locate 
sites for pavements, sidewalks, campgrounds, 
playgrounds, lawns, and trees and shrubs. 

Crops and pasture 

By Paul M. Boden, conservation agronomist, Soil Conservation 
Service. 

General management needed for crops and pasture is 
suggested in this section. The crops or pasture plants 
best suited to the soils, including some not commonly 
grown in the survey area, are identified; the system of 
land capability classification used by the Soil 
Conservation Service is explained; and the estimated 
yields of the main crops and hay and pasture plants are 
listed for each soil. 

Planners of management systems for individual fields 
or farms should consider the detailed information given 
in the description of each soil under "Detailed soil map 
units." Specific information can be obtained from the 
local office of the Soil Conservation Service or the 
Cooperative Extension Service. 

About 7,200 acres of irrigated cropland and 800 acres 
of dryfarmed cropland are in the survey area. The major 
areas of irrigated cropland are along the Mimbres and 
Gila Rivers. Water is delivered to the cropland by canals 
from diversions and dams along these rivers. The supply 
of irrigation water generally is adequate for good crop 
yields, except along the lower part of the Mimbres River 
during August in some years. 

The main crops are alfalfa for hay, improved grasses 
for pasture, and small grain. Other crops include 
vegetables, orchards, and grain sorghum. The potential 
for production of apples and cherries is good if the 
cropland is protected from frost damage. 

The major objectives in cropland management are 
irrigating properly, maintaining good soil tilth and fertility, 
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and controlling water erosion and soil blowing. Leaching 
and using soil amendments to reduce excess salinity or 
alkalinity, along with improved drainage, are needed on 
some soils. 

A cropping system tailored to individual soils helps to 
maintain good tilth, structure, soil aeration, and fertility. 
Some soils can be used for a single crop for many years 
with little adverse effect on the yield. Other soils 
deteriorate rapidly when used for low-residue crops 
unless large amounts of organic matter from other 
sources are added to the soil annually. Rotation of crops 
also helps to control insects, disease, and weeds. 

Timely applications of adequate amounts of irrigation 
water and avoiding overirrigation are essential for high 
yields and water conservation. Use of a properly 
designed irrigation system adapted to the soil and the 
crops grown is needed. Overirrigation leaches plant 
nutrients out of the root zone, contributes to excessive 
wetness of the lower lying soils, and reduces aeration in 
the root zone, which reduces yield. 

Water erosion is not a serious problem on most 
irrigated soils in the area; however, poorly designed 
irrigation systems may contribute to excessive erosion 
on the more sloping soils. Land smoothing or leveling is 
desirable on some soils to reduce runoff. Placing 
irrigation furrows on the contour and bench leveling also 
reduce the risk of erosion. 

Soil blowing is a major concern on the sandy soils in 
the area. It can best be controlled by leaving crop 
residue on the surface until the crop grown provides 
adequate ground cover. Cropping in strips perpendicule 
to the prevailing winds or establishing trees and other 
plants for windbreaks also helps to control soil blowing. 

Yields of annual crops, hay crops, and pasture plants 
can be increased by use of other good management 
practices such as proper irrigation, use of improved 
varieties of crops, timely planting and harvesting, and 
using a good fertilizer program that is based on the 
needs of the crops. Among the other practices that 
contribute to increased yields is control of weeds, 
insects, and disease. 

Good pasture management includes use of practices 
such as adequate fertilization, clipping after grazing to 
remove undesirable forage and weeds, harrowing to 
scatter manure, and rotation grazing. These practices 
greatly increase yields of pasture plants. 

Yields per acre 

The average yields per acre that can be expected of 
the principal crops under a high level of management 
are shown in table 3. In any given year, yields may be 
higher or lower than those indicated in the 'table because 
of variations in irrigation, water supply, and rainfall and 
other climatic factors. 

The yields are. based mainly on the experience and 
records of farmers, conservationists, and extension 
agents. Availab!e yield data from nearby counties and 
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results of field trials and demonstrations are also 
considered. 

For yields of irrigated ·crops, it is assumed that the 
irrigation system is adapted to the soils and to the crops 
grown, that good quality irrigation water is uniformly 
applied as needed, and that tillage is kept to a minimum. 

The estimated yields reflect the productive capacity of 
each soil for each of the principal crops. Yields are likely 
to increase as new production technology is developed. 
The productivity of a given soil compared with that of 
other soils, however, is not likely to change. 

Crops other than those shown in table 3 are grown in 
the survey area, but estimated yields are not listed 
because the acreage of such crops is small. The local 
office of the Soil Conservation Service or of the 
Cooperative Extension Service can provide information 
about the management and productivity of the soils. 

Rangeland 

By Walter G. Lindley, range conservationist, Soil Conservation 
Service. 

About 90 percent of the survey area consists of 
rangeland. The native vegetation is predominantly 
grasses, forbs, and shrubs that are suitable for grazing 
or browsing. In addition, about 7 percent of the survey 
area is pinyon, juniper, and ponderosa pine woodland 
that produces grazable understory vegetation. Livestock 
production provides the principal agricultural income in 
Grant County. Yearlong cow and calf operations are 
dominant, and the average size of ranches is about 20 
sections. All of the rangeland is suitable for grazing 
throughout the year. In winter, most ranchers 
supplement the forage produced with protein 
concentrates. 

Management of livestock grazing to increase the 
ground cover, accumulate litter, and improve the vigor 
and reproduction of the more productive grasses and 
shrubs is highly desirable. Continuous yearlong grazing 
or grazing every year from April through October results 
in a deteriorated plant community that generally has less 
value as forage for livestock. 

Proper range use and deferred grazing are needed to 
maintain a healthy, balanced plant community and to 
provide high-quality forage throughout the year. Periodic 
rest during different seasons of the year benefits 
different plants. Deferment of grazing in winter benefits 
shrubs such as mountainmahogany and winterfat. Rest 
in spring is beneficial to early forbs and cool-season 
grasses such as New Mexico feathergrass, pinyon 
ricegrass, and bottlebrush squirreltail. Rest in summer 
encourages the production and reproduction of warm
season grasses such as sideoats grama, little bluestem, 
black grama, and blue grama. Deferment in summer 
allows the cool-season grasses to complete their growth 
cycle. Rest in fall allows the warm-season plants to 
mature and to complete their growth cycle. 
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Varying the frequency and intensity of grazing is 
essential to the success of any grazing program. 
Effective livestock distribution can be accomplished by 
the use of fences, wells, pipelines, tanks, and salt licks. 

In areas that have similar climate and topography, 
differences in the kind and amount of vegetation 
produced on rangeland are closely related to the kind of 
soil. Effective management is based on the relationship 
between the soils and vegetation and water. 

The detailed soil map units show, for each soil that is 
used as or is suited to use as rangeland, the total annual 
production of vegetation in favorable and unfavorable 
years and the characteristic vegetation. 

Total production is the amount of vegetation that can 
be expected to grow annually on well managed 
rangeland that is supporting the potential natural plant 
community. It includes all vegetation, whether or not it is 
palatable to grazing animals. It includes the current 
year's growth of leaves, twigs, and fruits of woody 
plants. It does not include the increase in stem diameter 
of trees and shrubs. It is expressed in pounds per acre 
of air-dry vegetation for favorable and unfavorable years. 
In a favorable year, the amount and distribution of 
precipitation and the temperatures make growing 
conditions substantially better than average. In an 
unfavorable year, growing conditions are well below 
average, generally because of low available soil 
moisture. 

Dry weight is the total annual yield per acre reduced to 
a common percent of air-dry moisture. 

Characteristic vegetation is the dominant grasses, 
forbs, and shrubs that make up most of the potential 
natural plant community on each soil. It is listed in the 
detailed map units by common name. The amount that 
can be used as forage depends on the kinds of grazing 
animals and on the grazing season. 

Range management requires a knowledge of the kinds 
of soil and of the potential natural plant community. It 
also requires an evaluation of the present range 
condition. Range condition is determined by comparing 
the present plant community with the potential natural 
plant community on a particular range site. The more 
closely the existing community resembles the potential 
community, the better the range condition. Range 
condition is an ecological rating only. It does not have a 
specific meaning that pertains to the present plant 
community in a given use. 

The objective in range management is to control 
grazing so that the plants growing on a site are about 
the same in kind and amount as the potential natural 
plant community for that site. Such management 
generally results in the optimum production of 
vegetation, conservation of water, and control of erosion. 
Many times a range condition somewhat below the 
potential meets grazing needs, provides wildlife habitat, 
and protects soil and water resources. 
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Windbreaks and environmental plantings 

Windbreaks protect livestock, buildings, and yards 
from wind and snow. They also protect fruit trees and 
gardens, and they furnish habitat for wildlife. Several 
rows of low- and high-growing broadleaf and coniferous 
trees and shrubs provide the most protection. 

Field windbreaks are narrow plantings made at right 
angles to the prevailing wind and at specific intervals 
across the field. The interval depends on the erodibility 
of the soil. Field windbreaks protect cropland and crops 
from wind, hold snow on the fields, and provide food and 
cover for wildlife. 

Environmental plantings help to beautify and screen 
houses and other buildings and to abate noise. The 
plants, mostly evergreen shrubs and trees, are closely 
spaced. To insure plant survival, a healthy planting stock 
of suitable species should be planted properly on a well 
prepared site and maintained in good condition. 

Common windbreak species are listed in each detailed 
soil map unit that is irrigated. These can be used as a 
guide in planning windbreaks and screens. Additional 
information on planning windbreaks and screens and 
planting and caring for trees and shrubs can be obtained 
from local offices of the Soil Conservation Service or the 
Cooperative Extension Service or from a nursery. 

Recreation 

The soils of the survey area are rated in table 4 
according to limitations that affect their suitability for 
recreation. The ratings are based on restrictive soil 
features, such as wetness, slope, and texture of the 
surface layer. Susceptibility to flooding is considered. Not 
considered in the ratings, but important in evaluating a 
site, are the location and accessibility of the area, the 
size and shape of the area and its scenic quality, 
vegetation, access to water, potential water 
impoundment sites, and access to public sewerlines. The 
capacity of the soil to absorb septic tank effluent and the 
ability of the soil to support vegetation are also 
important. Soils subje~t to. flooding are limited for 
recreation use by the duration and intensity of flooding 
and the season when flooding occurs. In planning 
recreation facilities, onsite assessment of the height, 
duration, intensity, and frequency of flooding is essential. 

In table 4, the degree of soil limitation is expressed as 
slight, moderate, or severe. Slight means that soil 
properties are generally favorable and that limitations are 
minor and easily overcome. Moderate means that 
limitations can be overcome or alleviated by planning, 
design, or special maintenance. Severe means that soil 
properties are unfavorable and that limitations can be 
offset only by costly soil reclamation, special design, 
intensive maintenance, limited use, or by a combination 
of these measures. 

The information in table 4 can be supplemented by 
other information in this survey, for example, 
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interpretations for septic tank abs9rption fields in table 7 
and interpretations for dwellings without basements and 
for local roads and streets in table 6. 

Camp areas require site preparation such as shaping 
and leveling the tent and parking areas, stabilizing roads 
and intensively used areas, and installing sanitary 
facilities and utility lines. Camp areas are subject to 
heavy foot traffic and some vehicular traffic. The best 
soils have mild slopes and are not wet or subject to 
flooding during the period of use. The surface has few or 
no stones or boulders, absorbs rainfall readily but 
remains firm, and is not dusty when dry. Strong slopes 
and stones or boulders can greatly increase the cost of 
constructing campsites. 

Picnic areas are subject to heavy foot traffic. Most 
vehicular traffic is confined to access roads and parking 
areas. The best soils for picnic areas are firm when wet, 
are not dusty when dry, are not subject to flooding 
during the period of use, and do not have slopes or 
stones or boulders that increase the cost of shaping 
sites or of building access roads and parking areas. 

Playgrounds require soils that can withstand intensive 
foot traffic. The best soils are almost level and are not 
wet or subject to flooding during the season of use. The 
surface is free of stones and boulders, is firm after rains, 
and is not dusty when dry. If grading is needed, the 
depth of the soil over bedrock or a hardpan should be 
considered. 

Paths and trails for hiking, horseback riding, and 
bicycling should require little or no cutting and filling. The 
best soils are not wet, are firm after rains, are not dusty 
when dry, and are not subject to flooding more than 
once a year during the period of use. They have 
moderate slopes and few or no stones or boulders on 
the surface. 

Wildlife habitat 

Soils affect the kind and amount of vegetation that is 
available to wildlife as food and cover. They also affect 
the construction of water impoundments. The kind and 
abundance of wildlife depend largely on the amount and 
distribution of food, cover, and water. Wildlife habitat can 
be created or improved by planting appropriate 
vegetation, by maintaining the existing plant cover, or by 
promoting the natural establishment of desirable plants. 

In table 5, the soils in the survey area are rated 
according to their potential for providing habitat for 
various kinds of wildlife. This information can be used in 
planning parks, wildlife refuges, nature study areas, and 
other developments for wildlife; in selecting soils that are 
suitable for establishing, improving, or maintaining 
specific elements of wildlife habitat; and in determining 
the intensity of management needed for each element of 
the habitat. 

The potential of the soil is rated good, fair, poor, or 
very poor. A rating of good indicates that the element or 
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kind of habitat is easily established, improved, or 
maintained. Few or no limitations affect management, 
and satisfactory results can be expected. A rating of fair 
indicates that the element or kind of habitat can be 
established, improved, or maintained in most places. 
Moderately intensive management is required for 
satisfactory results. A rating of poor indicates that 
limitations are severe for the designated element or kind 
of habitat. Habitat can be created, improved, or 
maintained in most places, but management is difficult 
and must be intensive. A rating of very poor indicates 
that restrictions for the element or kind of habitat are 
very severe and that unsatisfactory results can be 
expected. Creating, improving, or maintaining habitat is 
impractical or impossible. 

The elements of wildlife habitat are described in the 
following paragraphs. 

Grain and seed crops are domestic grains and seed
producing herbaceous plants. Soil properties and 
features that affect the growth of grain and seed crops 
are depth of the root zone, texture of the surface layer, 
available water capacity, wetness, slope, surface 
stoniness, and flood hazard. Soil temperature and soil 
moisture are also considerations. Examples of grain and 
seed crops are corn, wheat, oats, and barley. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes. Soil properties and features 
that affect the growth of grasses and legumes are depth 
of the root zone, texture of the surface layer, ·available 
water capacity, wetness, surface stoniness, flood hazard, 
and slope. Soil temperature and soil moisture are also 
considerations. Examples of grasses and legumes are 
fescue, lovegrass, bromegrass, clover, and alfalfa. 

Wild herbaceous plants are native or naturally 
established grasses and forbs, including weeds. Soil 
properties and features that affect the growth of these 
plants are depth of the root zone, texture of the surface 
layer, available water capacity, wetness, surface 
stoniness, and flood hazard. Soil temperature and soil 
moisture are also considerations. Examples of wild 
herbaceous plants are bluestem, goldenrod, 
beggarweed, wheatgrass, and grama. 

Coniferous plants furnish browse, seeds, and cones. 
Soil properties and features that affect the growth of 
coniferous trees, shrubs, and ground cover are depth of 
the root zone, available water capacity, and wetness. 
Examples of coniferous plants are pine, spruce, fir, 
cedar, and juniper. 

Shrubs are bushy woody plants that produce fruit, 
buds, twigs, bark, and foliage. Soil properties and 
features that affect the growth of shrubs are depth of the 
root zone, available water capacity, salinity, and soil 
moisture. Examples of shrubs are mountainmahogany, 
bitterbrush, snowberry, and big sagebrush. 

Wetland plants are annual and perennial wild 
herbaceous plants that grow on moist or wet sites. 
Submerged or floating aquatic plants are excluded. Soil 

properties and features affecting wetland plants are 
texture of the surface layer, wetness, reaction, salinity, 
slope, and surface stoniness. Examples of wetland 
plants are smartweed, wild millet, wildrice, saltgrass, 
cordgrass, rushes, sedges, and reeds. 
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Shallow water areas have an average depth of less 
than 5 feet. Some are naturally wet areas. Others are 
created by dams, levees, or other water-control 
structures. Soil properties and features affecting shallow 
water areas are depth to bedrock, wetness, surface 
stoniness, slope, and permeability. Examples of shallow 
water areas are marshes, waterfowl feeding areas, and 
ponds. 

The habitat for various kinds of wildlife is described in 
the following paragraphs. 

Habitat for open/and wildlife consists of cropland, 
pasture, meadows, and areas that are overgrown with 
grasses, herbs, shrubs, and vines. These areas produce 
grain and seed crops, grasses and legumes, and wild 
herbaceous plants. The wildlife attracted to these areas 
include bobwhite quail, pheasant, meadowlark, field 
sparrow, cottontail, and red fox. 

Habitat for woodland wildlife consists of areas of 
deciduous plants or coniferous plants or both and 
associated grasses, legumes, and wild herbaceous 
plants. Wildlife attracted to these areas include wild 
turkey, ruffed grouse, woodcock, thrushes, woodpeckers, 
squirrels, gray fox, raccoon, deer, and bear. 

Habitat for wetland wildlife consists of open, marshy or 
swampy shallow water areas. Some of the wildlife 
attracted to such areas are ducks, geese, shore birds, 
muskrat, mink, and beaver. 

Habitat for rangeland wildlife consists of areas of 
shrubs and wild herbaceous plants. Wildlife attracted to 
rangeland include antelope, deer, sage grouse, 
meadowlark, and lark bunting. 

Engineering 

This section provides information for planning land 
uses related to urban development and to water 
management. Soils are rated for various uses, and the 
most limiting features are identified. The ratings are 
given in the following tables: Building site development, 
Sanitary facilities, Constroction materials, and Water 
management. The ratings are based on observed 
performance of the soils and on the estimated data and 
test data in the "Soil properties" section. 

Information in this section is intended for land use 
planning, for evaluating land use alternatives, and for 
planning site investigations prior to design and 
construction. The information, however, has limitations. 
For example, estimates and other data generally apply 
only to that part of the soil within a depth of 5 or 6 feet. 
Because of the map scale, small areas of different soils 
may be included within the mapped areas of a specific 
soil. 
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The information is not site specific and does not 
eliminate the need for onsite investigation of the soils or 
for testing and analysis by personnel experienced in the 
design and construction of engineering works. 

Government ordinances and regulations that restrict 
certain land uses or impose specific design criteria were 
not considered in preparing the information in this 
section. Local ordinances and regulations need to be 
considered in planning, in site selection, and in design. 

Soil properties, site features, and observed 
performance were considered in determining the ratings 
in this section. During the fieldwork for this soil survey, 
determinations were made about grain-size distribution, 
liquid limit, plasticity index, soil reaction, depth to 
bedrock, hardness of bedrock within 5 to 6 feet of the 
surface, soil wetness, depth to a seasonal high water 
table, slope, likelihood of flooding, natural soil structure 
aggregation, and soil density. Data were collected about 
kinds of clay minerals, mineralogy of the sand and silt 
fractions, and the kind of adsorbed cations. Estimates 
were made for erodibility, permeability, corrosivity, shrink
swell potential, available water capacity, and other 
behavioral characteristics affecting engineering uses. 

This information can be used to (1) evaluate the 
potential of areas for residential, commercial, industrial, 
and recreation uses; (2) make preliminary estimates of 
construction conditions; (3) evaluate alternative routes 
for roads, streets, highways, pipelines, and underground 
cables; (4) evaluate alternative sites for sanitary landfills, 
septic tank absorption fields, and sewage lagoons; (5) 
plan detailed onsite investigations of soils and geology; 
(6) locate potential sources of gravel, sand, earthfill, and 
topsoil; (7) plan drainage systems, irrigation systems, 
ponds, terraces, and other structures for soil and water 
conservation; and (8) predict performance of proposed 
small structures and pavements by comparing the 
performance of existing similar structures on the same or 
similar soils. 

The information in the tables, along with the soil maps, 
the soil descriptions, and other data provided in this 
survey can be used to make additional interpretations. 

Some of the terms used in this soil survey have a 
special meaning in soil science and are defined in the 
Glossary. 

Building site development 

Table 6 shows the degree and kind of soil limitations 
that affect shallow excavations, dwellings with and 
without basements, small commercial buildings, local 
roads and streets, and lawns and landscaping. The 
limitations are considered slight if soil properties and site 
features are generally favorable for the indicated use 
and limitations are minor and easily overcome; moderate 
if soil properties or site features are not favorable for the 
indicated use and special planning, design, or 
maintenance is needed to overcome or minimize the 
limitations; and severe if soil properties or site features 
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are so unfavorable or so difficult to overcome that 
special design, significant increases in construction 
costs, and possibly increased maintenance are required. 
Special feasibility studies may be required where the soil 
limitations are severe. 

Shallow excavations are trenches or holes dug to a 
maximum depth of 5 or 6 feet for basements, graves, 
utility lines, open ditches, and other purposes. The 
ratings are based on soil properties, site features, and 
observed performance of the soils. The ease of digging, 
filling, and compacting is affected by the depth to 
bedrock, a cemented pan, or a very firm dense layer; 
stone content; soil texture; and slope. The time of the 
year that excavations can be made is affected by the 
depth to a seasonal high water table and the 
susceptibility of the soil to flooding. The resistance of the 
excavation walls or banks to sloughing or caving is 
affected by soil texture and the depth to the water table. 

Dwellings and small commercial buildings are 
structures built on shallow foundations on undisturbed 
soil. The load limit is the same as that for single-family 
dwellings no higher than three stories. Ratings are made 
for small commercial buildings without basements, for 
dwellings with basements, and for dwellings without 
basements. The ratings are based on soil properties, site 
features, and observed performance of the soils. A high 
water table, flooding, shrink-swell potential, and organic 
layers can cause the movement of footings. A high water 
table, depth to bedrock or to a cemented pan, large 
stones, and flooding affect the ease of excavation and 
construction. Landscaping and grading that require cuts 
and fills of more than 5 to 6 feet are not considered. 

Local roads and streets have an all-weather surface 
and carry automobile and light truck traffic all year. They 
have a subgrade of cut or fill soil material, a base of 
gravel, crushed rock, or stabilized soil material, and a 
flexible or rigid surface. Cuts and fills are generally 
limited to less than 6 feet. The ratings are based on soil 
properties, site features, and observed performance of 
the soils. Depth to bedrock or to a cemented pan, a high 
water table, flooding, large stones, and slope affect the 
·ease of excavating and grading. Soil strength (as 
inferred from the engineering classification of the soil), 
shrink-swell potential, frost action potential, and depth to 
a high water table affect the traffic supporting capacity. 

Lawns and landscaping require soils on which turf and 
ornamental trees and shrubs can be established and 
maintained. The ratings are based on soil properties, site 
features, and observed performance of the soils. Soil 
reaction, a high water table, depth to bedrock or to a 
cemented pan, the available water capacity in the upper 
40 inches, and the content of salts, sodium, and sulfidic 
materials affect plant growth. Flooding, wetness, slope, 
stoniness, and the amount of sand, clay, or organic 
matter in the surface layer affect trafficability after 
vegetation is established. 
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Sanitary facilities 

Table 7 shows the degree and the kind of soil 
limitations that affect septic tank absorption fields, 
sewage lagoons, and sanitary landfills. The limitations 
are considered slight if soil properties and site features 
are generally favorable for the indicated use and 
limitations are minor and easily overcome; moderate if 
soil properties or site features are not favorable for the 
indicated use and special planning, design, or 
maintenance is needed to overcome or minimize the 
limitations; and severe if soil properties or site features 
are so unfavorable or so difficult to overcome that 
special design, significant increases in construction 
costs, and possibly increased maintenance are required. 

Table 7 also shows the suitability of the soils for use 
·as daily cover for landfills. A rating of good indicates that 
soil properties and site features are favorable for the use 
and good performance and low maintenance can be 
expected; fair indicates that soil properties and site 
features are moderately favorable for the use and one or 
more soil properties or site features make the soil less 
desirable than the soils rated good; and poor indicates 
that one or more soil properties or site features are 
unfavorable for the use and overcoming the unfavorable 
properties requires special desig.n, extra maintenance, or 
costly alteration. 

Septic tank absorption fields are areas in which 
effluent from a septic tank is distributed into the soil 
through subsurface tiles or perforated pipe. Only that 
part of the soil between depths of 24 and 72 inches is 
evaluated. The ratings are based on soil properties, site 
features, and observed performance of the soils. 
Permeability, a high water table, depth to bedrock or to a 
cemented pan, and flooding affect absorption of the 
effluent. Large stones and bedrock or a cemented pan 
interfere with installation. 

Unsatisfactory performance of septic tank absorption 
fields, including excessively slow absorption of effluent, 
surfacing of effluent, and hillside seepage, can affect 
public health. Ground water can be polluted if highly 
permeable sand and gravel or fractured bedrock is less 
than 4 feet below the base of the absorption field, if 
slope is excessive, or if the water table is near the 
surface. There must be unsaturated soil material beneath 
the absorption field to effectively filter the effluent. Many 
local ordinances require that this material be of a certain 
thickness. 

Sewage lagoons are shallow ponds constructed to 
hold sewage while aerobic bacteria decompose the solid 
and liquid wastes. Lagoons should have a nearly level 
floor surrounded by cut slopes or embankments of 
compacted soil. Lagoons generally are designed to hold 
the sewage within a depth of 2 to 5 feet. Nearly 
impervious soil material for the lagoon floor and sides is 
required to minimize seepage and contamination of 
ground water. 
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Table 7 gives ratings for the natural soil that makes up 
the lagoon floor. The surface layer and, generally, 1 or 2 
feet of soil material below the surface layer are 
excavated to provide material for the embankments. The 
ratings are based on soil properties, site features, and 
observed performance of the soils. Considered in the 
ratings are slope, permeability, a high water table, depth 
to bedrock or to a cemented pan, flooding, large stones, 
and content of organic matter. 

Excessive seepage due to rapid permeability of the 
soil or a water table that is high enough to raise the level 
of s~wage in the lagoon causes a lagoon to function 
unsatisfactorily. Pollution results if seepage is excessive 
or if floodwater overtops the lagoon. A high content of 
organic matter is detrimental to proper functioning of the 
lagoon because it inhibits aerobic activity. Slope, 
bedrock, and cemented pans can cause construction 
problems, and large stones can hinder compaction of 
the lagoon floor. 

Sanitary landfills are areas where solid waste is 
disposed of by burying it in soil. There are two types of 
landfill-trench and area. In a trench landfill, the waste is 
placed in a trench. It is spread, compacted, and covered 
daily with a thin layer of soil excavated at the site. In an 
area landfill, the waste is placed in successive layers on 
the surface of the soil. The waste is spread, compacted, 
and covered daily with a thin layer of soil from a source 
away from the site. 

Both types of landfill must be able to bear heavy 
vehicular traffic. Both types involve a risk of ground 
water pollution. Ease of excavation and revegetation 
needs to be considered. 

The ratings in table 7 are based on soil properties, site 
features, and observed performance of the soils. 
Permeability, depth to bedrock or to a cemented pan, a 
high water table, slope, and flooding affect both types of 
landfill. Texture, stones and boulders, highly organic 
layers, soil reaction, and content of salts and sodium 
affect trench type landfills. Unless otherwise stated, the 
ratings apply only to that part of the soil within a depth 
of about 6 feet. For deeper trenches, a limitation rated 
slight or moderate may not be valid. Onsite investigation 
is needed. 

Daily cover for landfill is the soil material that is used 
to cover compacted solid waste in an area type sanitary 
landfill. The soil material is obtained offsite, transported 
to the landfill, and spread over the waste. 

Soil texture, wetness, coarse fragments, and slope 
affect the ease of removing and spreading the material 
during wet and dry periods. Loamy or silty soils that are 
free of large stones or excess gravel are the best cover 
for a landfill. Clayey soils are sticky or cloddy and are 
difficult to spread; sandy soils are subject to soil blowing. 

After soil material has been removed, the soil material 
remaining in the borrow area must be thick enough over 
bedrock, a cemented pan, or the water table to permit 
revegetation. The soil material used as final cover for a 
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landfill should be suitable for plants. The surface layer 
generally has the best workability, more organic matter, 
and the best potential for plants. Material from the 
surface layer should be stockpiled for use as the final 
cover. 

Construction materials 

Table 8 gives information about the soils as a source 
of roadfill, sand, gravel, and topsoil. The soils are rated 
good, fair, or poor as a source of roadfill and topsoil. 
They are rated as a probable or improbable source of 
sand and gravel. The ratings are based on soil 
properties and site features that affect the removal of 
the soil and its use as construction material. Normal 
compaction, minor processing, and other standard 
construction practices are assumed. Each soil is 
evaluated to a depth of 5 or 6 feet. 

Roadfi/1 is soil material that is excavated in one place 
and used in road embankments in another place. In this 
table, the soils are rated as a source of roadfill for low 
embankments, generally less than 6 feet high and less 
exacting in design than higher embankments. 

The ratings are for the soil material below the surface 
layer to a depth of 5 or 6 feet. It is assumed that soil 
layers will be mixed during excavating and spreading. 
Many soils have layers of contrasting suitability within 
their profile. The table showing engineering index 
properties provides detailed information about each soil 
layer. This information can help determine the suitability 
of each layer for use as roadfill. The performance of soil 
after it is stabilized with lime or cement is not considered 
in the ratings. 

The ratings are based on soil properties, site features, 
and observed performance of the soils. The thickness of 
suitable material is a major consideration. The ease of 
excavation is affected by large stones, a high water 
table, and slope. How well the soil performs in place 
after it has been compacted and drained is determined 
by its strength (as inferred from the engineering 
classification of the soil) and shrink-swell potential. 

Soils rated good contain significant amounts of sand 
or gravel or both. They have at least 5 feet of suitable 
material, low shrink-swell potential, few cobbles and 
stones, and slopes of 15 percent or less. Depth to the 
water table is more than 3 feet. Soils rated fair are more 
than 35 percent silt- and clay-sized particles and have a 
plasticity index of less than 1 0. They have moderate 
shrink-swell potential, slopes of 15 to 25 percent, or 
many stones. Depth to the water table is 1 to 3 feet. 
Soils rated poor have a plasticity index of more than 1 o, 
a high shrink-swell potential, many stones, or slopes of 
more than 25 percent. They are wet, and the depth to 
the water table is less than 1 foot. They may have layers 
of suitable material, but the material is less than 3 feet 
thick. 

Sand and gravel are natural aggregates suitable for 
commercial use with a minimum of processing. Sand and 
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gravel are used in many kinds of construction. 
Specifications for each use vary widely. In table 8, only 
the probability of finding material in suitable quantity is 
evaluated. The suitability of the material for specific 
purposes is not evaluated, nor are factors that affect 
excavation of the material. 

The properties used to evaluate the soil as a source of 
sand or gravel are gradation of grain sizes (as indicated 
by the engineering classification of the soil), the 
thickness of suitable material, and the content of rock 
fragments. Kinds of rock, acidity, and stratification are 
given in the soil series descriptions. Gradation of grain 
sizes is given in the table on engineering index 
properties. 

A soil rated as a probable source has a layer of clean 
sand or gravel or a layer of sand or gravel that is up to 
12 percent silty fines. This material must be at least 3 
feet thick and less than 50 percent, by weight, large 
stones. All other soils are rated as an improbable 
source. Coarse fragments of soft bedrock, such as shale 
and siltstone, are not considered to be sand and gravel. 

Topsoil is used to cover an area so that vegetation 
can be established and maintained. The upper 40 inches 
of a soil is evaluated for use as topsoil. Also evaluated is 
the reclamation potential of the borrow area. 

Plant growth is affected by toxic material and by such 
properties as soil reaction, available water capacity, and 
fertility. The ease of excavating, loading, and spreading 
is affected by rock fragments, slope, a water table, soil 
texture, and thickness of suitable material. Reclamation 
of the borrow area is affected by slope, a water table, 
rock fragments, bedrock, and toxic material. 

Soils rated good have friable loamy material to a depth 
of at least 40 inches. They are free of stones and 
cobbles, have little or no gravel, and have slopes of less 
than 8 percent. They are low in content of soluble salts, 
are naturally fertile or respond well to fertilizer, and are 
not so wet that excavation is difficult. 

Soils rated fair are sandy soils, loamy soils that have a 
relatively high content of clay, soils that have only 20 to 
40 inches of suitable material, soils that have an 
appreciable amount of gravel, stones, or soluble salts, or 
soils that have slopes of 8 to 15 percent. The soils are 
not so wet that excavation is difficult. 

Soils rated poor are very sandy or clayey, have less 
than 20 inches of suitable material, have a large amount 
of gravel, stones, or soluble salts, have slopes of more 
than 15 percent, or have a seasonal water table at or 
near the surface. 

The surface layer of most ·soils is generally preferred 
for topsoil because of its organic matter content. Organic 
matter greatly increases the absorption and retention of 
moisture and nutrients for plant growth. 

Water management 

Table 9 gives information on the soil properties and 
site features that affect water management. The degree 
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and kind of soil limitations are given for pond reservoir 
areas and embankments, dikes, and levees. The 
limitations are considered slight if soil properties and site 
features are generally favorable for the indicated use 
and limitations are minor and are easily overcome; 
moderate if soil properties or site features are not 
favorable for the indicated use and special planning, 
design, or maintenance is needed to overcome or 
minimize the limitations; and severe if soil properties or 
site features are so unfavorable or so difficult to 
overcome that special design, significant increase in 
construction costs, and possibly increased maintenance 
are required. 

This table also gives for each soil the restrictive 
features that affect drainage, irrigation, terraces and 
diversions, and grassed waterways. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils best suited to this use have low 
seepage potential in the upper 60 inches. The seepage 
potential is determined by the permeability of the soil 
and the depth to fractured bedrock or other permeable 
material. Excessive slope can affect the storage capacity 
of the reservoir area. 

Embankments, dikes, and levees are raised structures 
of soil material, generally less than 20 feet high, 
constructed to impound water or to protect land against 
overflow. In this table, the soils are rated as a source of 
material for embankment fill. The ratings apply to the soil 
material below the surface layer to a depth of about 5 
feet. It is assumed that soil layers will be uniformly mixed 
and compacted during construction. 

The ratings do not indicate the ability of the natural 
soil to support an embankment. Soil properties to a 
depth even greater than the height of the embankment 
can affect performance and safety of the embankment. 
Generally, deeper onsite investigation is needed to 
determine these properties. 

Soil material in embankments must be resistant to 
seepage, piping, and erosion and have favorable 
compaction characteristics. Unfavorable features include 
less than 5 feet of suitable material and a high content 
of stones or boulders, organic matter, or salts or sodium. 
A high water table affects the amount of usable material. 
It also affects trafficability. 

Drainage is the removal of excess surface and 
subsurface water from the soil. How easily and 
effectively the soil is drained depends on the depth to 
bedrock, to a cemented pan, or to other layers that 
affect the rate of water movement; permeability; depth to 
a high water table or depth of standing water if the soil is 
subject to ponding; slope; susceptibility to flooding; 
subsidence of organic layers; and potential frost action. 
Excavating and grading and the stability of ditchbanks 
are affected by depth to bedrock or to a cemented pan, 
large stones, slope, and the hazard of cutbanks caving. 
The productivity of the soil after drainage is adversely 
affected by extreme acidity or by toxic substances in the 

63 

root zone, such as salts, sodium, or sulfur. Availability of 
drainage outlets is not considered in the· ratings. 

Irrigation is the controlled application of water to 
supplement rainfall and support plant growth. The design 
and management of an irrigation system are affected by 
depth to the water table, the need for drainage, flooding, 
available water capacity, intake rate, permeability, 
erosion hazard, and slope. The construction of a system 
is affected by large stones and depth to bedrock or to a 
cemented pan. The performance of a system is affected 
by the depth of the root zone, the amount of salts or 
sodium, and soil reaction. 

Terraces and diversions are embankments or a 
combination of channels and ridges constructed across 
a slope to reduce erosion and conserve moisture by 
intercepting runoff. Slope, wetness, large stones, and 
depth to bedrock or to a cemented pan affect the 
construction of terraces and diversions. A restricted 
rooting depth, a severe hazard of wind or water erosion, 
an excessively coarse texture, and restricted permeability 
adversely affect maintenance. 

Grassed waterways are natural or constructed 
channels, generally broad and shallow, that conduct 
surface water to outlets at a nonerosive velocity. Large 
stones, wetness, slope, and depth to bedrock or to a 
cemented pan affect the construction of grassed 
waterways. A hazard of wind erosion, low available water 
capacity, restricted rooting depth, toxic substances such 
as salts or sodium, and restricted permeability adversely 
affect the growth and maintenance of the grass after 
construction. 

Soil properties 
Data relating to soil properties are collected during the 

course of the soil survey. The data and the estimates of 
soil and water features,. listed in tables, are explained on 
the following pages. 

Soil properties are determined by field examination of 
the soils and by laboratory index testing of some 
benchmark soils. Established standard procedures are 
followed. During the survey, many shallow borings are 
made and examined to identify and classify the soils and 
to delineate them on the soil maps. Samples are taken 
from some typical profiles and tested in the laboratory to 
determine grain-size distribution, plasticity, and 
compaction characteristics. 

Estimates of soil properties are based on field 
examinations, on laboratory tests of samples from the 
survey an~a. and on laboratory tests of samples of 
similar soils in nearby areas. Tests verity field 
observations, verify properties that cannot be estimated 
accurately by field observation, and help characterize 
key soils. 

The estimates of soil properties shown in the tables 
include the range of grain-size distribution and Atterberg 
limits, the engineering classifications, and the physical 
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and chemical properties of the major layers of each soil. 
Pertinent soil and water features also are given. 

Engineering index properties 

Table 10 gives estimates of the engineering 
classification and of the range of index properties for the 
major layers of each soil in the survey area. Most soils 
have layers of contrasting properties within the upper 5 
or 6 feet. 

Depth to the upper and lower boundaries of each layer 
is indicated. The range in depth and information on other 
properties of each layer are given for each taxonomic 
unit ~:~nder "Taxonomic units and their morphology." 

Texture is given in the standard terms used by the 
U.S. Department of Agriculture. These terms are defined 
according to percentages of sand, silt, and clay in the 
fraction of the soil that is less than 2 millimeters in 
diameter. "Loam," for example, is soil that is 7 to 27 
percent clay, 28 to 50 percent silt, and less than 52 
percent sand. If a soil contains particles coarser than 
sand, an appropriate modifier is added, for example, 
"gravelly." Textural terms are defined in the Glossary. 

Classification of the soils is determined according to 
the Unified soil classification system (4) and the system 
adopted by the American Association of State Highway 
and Transportation Officials ( 1). 

The Unified system classifies soils according to 
properties that affect their use as construction material. 
Soils are classifiedaccording to grain-size distribution of 
the fraction less than 3 inches in diameter and according 
to plasticity index, liquid limit, and organic matter 
content. Sandy and gravelly soils are identified as GW, 
GP, GM, GC, SW, SP, SM, and SC; silty and clayey soils 
as ML, CL, OL, MH, CH, and OH; and highly organic 
soils as Pt. Soils exhibiting engineering properties of two 
groups can have a dual classification, for example, SP
SM. 

The AASHTO system classifies soils according to 
those properties that affect roadway construction and 
maintenance. In this system, the fraction of a mineral soil 
that is less than 3 inches in diameter is classified in one 
of seven groups from A-1 through A-7 on the basis of 
grain-size distribution, liquid limit, and plasticity index. 
Soils in group A-1 are coarse grained and low in content 
of fines (silt and clay). At the other extreme, soils in 
group A-7 are fine grained. Highly organic soils are . 
classified in group A-8 on the basis of visual inspection. 

Rock fragments larger than 3 inches in diameter are 
indicated as a percentage of the total soil on a dry
weight basis. The percentages are estimates determined 
mainly by converting volume percentage in the field to 
weight percentage. 

Percentage (of soil particles) passing designated 
sieves is the percentage of the soil fraction less than 3 
inches in diameter based on an oven-dry weight. The 
sieves, numbers 4, 1 0, 40, and 200 (USA Standard 
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Series), have openings of 4.76, 2.00, 0.420, and 0.074 
millimeters, respectively. Estimates are based on 
laboratory tests of soils sampled in the survey area and 
in nearby areas and on estimates made in the field. 

Liquid limit and plasticity index (Atterberg limits) 
indicate the plasticity characteristics of a soil. The 
estimates are based on test data from the survey area or 
from nearby areas and on field examination. 

The estimates of grain-size distribution, liquid limit, and 
plasticity index are rounded to the nearest 5 percent. 
Thus, if the ranges of gradation and Atterberg limits 
extend a marginal amount (1 or 2 percentage points) 
across classification boundaries, the classification in the 
marginal zone is omitted in the table. 

Physical and chemical properties 

Table 11 shows estimates of some characteristics and 
features that affect soil behavior. These estimates are 
given for the major layers of each soil in the survey area. 
The estimates are based on field observations and on 
test data for these and similar soils. 

Clay as a soil separate consists of mineral soil 
particles that are less than 0.002 millimeter in diameter. 
In this table, the estimated clay content of each major 
soil layer is given as a percentage, by weight, of the soil 
material that is less than 2 millimeters in diameter. 

The amount and kind of clay greatly affect the fertility 
and physical condition of the soil. They determine the 
ability of the soil to adsorb cations and to retain 
moisture. They influence shrink-sw.ell potential, 
permeability, and plasticity, the ease of soil dispersion, 
and other soil properties. The amount and kind of clay in 
a soil also affect tillage and earth-moving operations. 

Permeability refers to the ability of a soil to transmit 
water or air. The estimates indicate the rate of downward 
movement of water when the soil is saturated. They are 
based on soil characteristics observed in the field, 
particularly structure, porosity, and texture. Permeability 
is considered in the design of soil drainage systems, 
septic tank absorption fields, and construction where the 
rate of water movement under saturated conditions 
affects behavior. 

Available water capacity refers to the quantity of water 
that the soil is capable of storing for use by plants. The 
capacity for water storage is given in inches of water per 
inch of soil for each major soil layer. The capacity varies, 
depending on soil properties that affect the retention of 
water and the depth of the root zone. The most 
important properties are the content of organic matter, 
soil texture, bulk density, and soil structure. Available 
water capacity is an important factor in the choice of 
plants or crops to be grown and in the design and 
management of irrigation systems. Available water 
capacity is not an estimate of the quantity of water 
actually available to plants at any given time. 
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Soil reaction is a measure of acidity or alkalinity and is 
expressed as a range in pH values. The range in pH of 
each major horizon is based on many field tests. For 
many soils, values have been verified by laboratory 
analyses. Soil reaction is important in selecting crops 
and other plants, in evaluating soil amendments for 
fertility and stabilization, and in determining the risk of 
corrosion. 

Salinity is a measure of soluble salts in the soil at 
saturation. It is expressed as the electrical conductivity 
of the saturation extract, in millimhos per centimeter at 
25 degrees C. Estimates are based on field and 
laboratory measurements at representative sites of 
nonirrigated soils. The salinity of irrigated soils is 
affected by the quality of the irrigation water and by the 
frequency of water application. Hence, the salinity of 
soils in individual fields can differ greatly from the value 
given in the table. Salinity affects the suitability of a soil 
for crop production, the stability of soil if used as 
construction material, and the potential of the soil to 
corrode metal and concrete. 

Shrink-swell potential is the potential for volume 
change in a soil with a loss or gain in moisture. Volume 
change occurs mainly because of the interaction of clay 
minerals with water and varies with the amount and type 
of clay minerals in the soil. The size of the load on the 
soil and the magnitude of the change in soil moisture 
content influence the amount of swelling of soils in 
place. Laboratory measurements of swelling of 
undisturbed clods were made for many soils. For others, 
swelling was estimated on the basis of the kind and 
amount of clay minerals in the soil and on 
measurements of similar soils. 

If the shrink-swell potential is rated moderate to very 
high,·shrinking and swelling can cause damage to 
buildings, roads, and other structures. Special design is 
often needed. 

Shrink-swell potential classes are based on the 
change in length of an unconfined clod as moisture 
content is increased from air-dry to field capacity. The 
change is based on the soil fraction less than 2 
millimeters in diameter. The classes are low, a change of 
less than 3 percent; moderate, 3 to 6 percent; and high, 
more than 6 percent. Vel)l high, greater than 9 percent, 
is sometimes used. 

Erosion factor K indicates the susceptibility of a soil to 
sheet and rill erosion by water. Factor K is one of six 
factors used in the Universal Soil Loss Equation (USLE) 
to predict the average annual rate of soil loss by sheet 
and rill erosion in tons per acre per year. The estimates 
are based primarily on percentage of silt, sand, and 
organic matter (up to 4 percent) and on soil structure 
and permeability. Values of K range from 0.05 to 0.69. 
The higher the value the more susceptible the soil is to 
sheet and rill erosion by water. 

Erosion factor Tis an estimate of the maximum 
average annual rate of soil erosion by wind or water that 

can occur without affecting crop productivity over a 
sustained period. The rate is in tons per acre per year. 
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Wind erodibility groups are made up of soils that have 
similar properties affecting their resistance to wind 
erosion in cultivated areas. The groups indicate the 
susceptibility of soil to wind erosion and the amount of 
soil lost. Soils are grouped according to the following 
distinctions: 

1. Sands, coarse sands, fine sands, and very fine 
sands. These soils are generally not suitable for crops. 
They are extremely erodible, and vegetation is difficult to 
establish. 

2. Loamy sands, loamy fine sands, and loamy very 
fine sands. These soils are very highly erodible. Crops 
can be grown if intensive measures to control wind 
erosion are used. 

3. Sandy loams, coarse sandy loams, fine sandy 
loams, and very fine sandy loams. These soils are highly 
erodible. Crops can be grown if intensive measures to 
control wind erosion are used. 

4L. Calcareous loamy soils that are less than 35 
percent clay and more than 5 percent finely divided 
calcium carbonate. These soils are erodible. Crops can 
be grown if intensive measures to control wind erosion 
are used. 

4. Clays, silty clays, clay loams, and silty clay loams 
that are more than 35 percent clay. These soils are 
moderately erodible. Crops can be grown if measures to 
control wind erosion are used. 

5. Loamy soils that are less than 18 percent clay and 
less than 5 percent finely divided calcium carbonate and 
sandy clay loams and sandy clays that are less than 5 
percent finely divided calcium carbonate. These soils are 
slightly erodible. Crops can be grown if measures to 
control wind erosion are used. 

6. Loamy soils that are 18 to 35 percent clay and 
less than 5 percent finely divided calcium carbonate, 
except silty clay loams. These soils are very slightly 
erodible. Crops can easily be grown. 

7. Silty clay loams that are less than 35 percent clay 
and le.ss than 5 percent finely divided calcium carbonate. 
These soils are very slightly erodible. Crops can easily 
be grown. 

8. Stony or gravelly soils and other soils not subject 
to wind erosion. 

Organic matter is the plant and animal residue in the 
soil at various stages of decomposition. 

In table 11, the estimated content of organic matter of 
the plow layer is expressed as a percentage, by weight, 
of the soil material that is less than 2 millimeters in 
diameter. 

The content of organic matter of a soil can be 
maintained or increased by returning crop residue to the 
soil. Organic matter affects the available water capacity, 
infiltration rate, and tilth. It is a source of nitrogen and 
other nutrients for crops. 
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Soil and water features 

Table 12 gives estimates of various soil and water 
features. The estimates are used in land use planning 
that involves engineering considerations. 

Hydrologic soil groups are used to estimate runoff 
from precipitation. $oils not protected by vegetation are 
assigned to one of four groups. They are grouped 
according to the intake of water when the soils are 
thoroughly wet and receive precipitation from long
duration storms. 

The four hydrologic soil groups are: 
Group A. Soils having a high infiltration rate (low runoff 

potential) when thoroughly wet. These consist mainly of 
deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water 
transmission. 

Group B. Soils having a moderate infiltration rate when 
thoroughly wet. These consist chiefly of moderately deep 
or deep, moderately well drained or well drained soils 
that have moderately fine texture to moderately coarse 
texture. These soils have a moderate rate of water 
transmission. 

Group C. Soils having a slow infiltration rate when 
thoroughly wet. These consist chiefly of soils having a 
layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These 
soils have a slow rate of water transmission .. 

Group D. Soils having a very slow infiltration rate (high 
runoff potential) when thoroughly wet. These consist 
chiefly of clays that have a high shrink-swell potential, 
soils that have a permanent high water table, soils that 
have a claypan or clay layer at or near the surface, and 
soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission. 

Flooding, the temporary inundation of an area, is 
caused by overflowing streams, by runoff from adjacent 
slopes, or by tides. Water standing for short periods after 
rainfall or snowmelt and water in swamps and marshes 
is not considered flooding. 

Table 12 gives the frequency and duration of flooding 
and the time of year when flooding is most likely. 

Frequency, duration, and probable dates of occurrence 
are estimated. Frequency is expressed as none, rare, 
common, occasional, and frequent. None means that 
flooding is not probable; rare that it is unlikely but 
possible under unusual weather conditions; common that 
it is likely under normal conditions; occasional that it 
occurs on an average of once or less in 2 years; and 
frequent that it occurs on an average of more than once 
in 2 years. Duration is expressed as very brief if less 
than 2 days, brief if 2 to 7 days, and long if more than 7 
days. Probable dates are expressed in months; 
November-May, for example, means that flooding can 
occur during the period November through May. 

The information is based on evidence in the soil 
profile, namely thin strata of gravel, sand, silt, or clay 
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deposited by floodwater; irregular decrease in organic 
matter content with increasing depth; and absence of 
distinctive horizons that form in soils that are not subject 
to flooding. 

Also considered are local information about the extent 
and levels of flooding and the relation of each soil on 
the landscape to historic floods. Information on the 
extent of flooding based on soil data is less specific than 
that provided by detailed engineering surveys that 
delineate flood-prone areas at specific flood frequency 
levels. 

Depth to bedrock is given if bedrock is within a depth 
of 5 feet. The depth is based on many soil borings and 
on observations during soil mapping. The rock is 
specified as either soft or hard. If the rock is soft or 
fractured, excavations can be made with trenching 
machines, backhoes, or small rippers. If the rock is hard 
or massive, blasting or special equipment generally is 
needed for excavations. 

Cemented pans are cemented or indurated subsurface 
layers within a depth of 5 feet. Such pans cause difficulty 
in excavation. Pans are classified as thin or thick. A thin 
pan is less than 3 inches thick if continously indurated or 
less than 18 inches thick if discontinuous or fractured. 
Excavations can be made by trenching machines, 
backhoes, or small rippers. A thick pan is more than 3 
inches thick if continously indurated or more than 18 
inches thick if discontinuous. or fractured. Such a pan is 
so thick or massive that blasting or special equipment is 
needed in excavation. 

Potential frost action is the likelihood of upward or 
lateral expansion of the soil caused by the formation of 
segregated ice lenses (frost heave) and the subsequent 
collapse of the soil and loss of strength on thawing. 
Frost action occurs when moisture moves into the 
freezing zone of the soil. Temperature, texture, density, 
permeability, content of organic matter, and depth to the 
water table are the most important factors considered in 
evaluating the potential for frost action. It is assumed 
that the soil is not insulated by vegetation or snow and is 
not artificially drained. Silty and highly structured clayey 
soils that have a high water table in winter are most 
susceptible to frost action. Well drained, very gravelly, or 
very sandy soils are the least susceptible. Frost heave 
and low soil strength during thawing cause damage 
mainly to pavements and other rigid structures. 

Risk of corrosion pertains to potential soil-induced 
electrochemical or chemical action that dissolves or 
weakens uncoated steel or concrete. The rate of 
corrosion of uncoated steel is related to such factors as 
soil moisture, particle-size distribution, acidity, and 
electrical conductivity of the soil. The rate of corrosion of 
concrete is based mainly on the sulfate and sodium 
content, texture, moisture content, and acidity of the soil. 
Special site examination and design may be needed if 
the combination of factors creates a severe corrosion 
environment. The steel in installations that intersect soil 
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boundaries or soil layers is more susceptible to corrosion 
than steel in installations that are entirely within one kind 
of soil or within one soil layer. 

For uncoated steel, the risk of corrosion, expressed as 
low, moderate, or high, is based on soil drainage class, 
total acidity, electrical resistivity near field capacity, and 
electrical conductivity of the saturation extract. 

For concrete, the risk of corrosion is also expressed 
as low, moderate, or high. It is based on soil texture, 
acidity, and amount of sulfates in the saturation extract. 

Classification of the soils 
The system of soil classification used by the National 

Cooperative Soil Survey has six categories (7). Beginning 
with the broadest, these categories are the order, 
suborder, great group, subgroup, family, and series. 
Classification is based on soil properties observed in the 
field or inferred from those observations or from 
laboratory measurements. In table 13, the soils of the 
survey area are classified according to the system. The 
categories are defined in the following paragraphs. 

ORDER. Ten soil orders are recognized. The 
differences among orders reflect the dominant soil
forming processes and the degree of soil formation. 
Each order is identified by a word ending in so/. An 
example is Mollisol. 

SUBORDER. Each order is divided into suborders 
primarily on the basis of properties that influence soil 
genesis and are important to plant growth or properties 
that reflect the most important variables within the 
orders. The last syllable in the name of a suborder 
indicates the order. An example is Ustoll (Ust, meaning 
burnt, plus o/1, from Mollisol). 

GREAT GROUP. Each suborder is divided into great 
groups on the basis of close similarities in kind, 
arrangement, and degree of development of pedogenic 
horizons: soil moisture and temperature regimes: and 
base status. Each great group is identified by the name 
of a suborder and by a prefix that indicates a property of 
the soil. An example is Haplustolls (Hap/, meaning 
minimal horizonation, plus usto/1, the suborder of the 
Mollisols that have an ustic moisture regime). 

SUBGROUP. Each great group has a typic subgroup. 
Other subgroups are intergrades or extragrades. The 
typic is the central concept of the great group; it is not 
necessarily the most extensive. lntergrades are 
transitions to other orders, suborders, or great groups. 
Extragrades have some. properties that are not 
representative of the great group but do not indicate 
transitions to any other known kind of soil. Each 
subgroup is identified by one or more adjectives 
preceding the name of the great group. The adjective 
Cumu/ic identifies the subgroup that has a thickened 
epipedon. An example is Cumulic Haplustolls. 

FAMILY. Families are established within a subgroup on 
the basis of physical and chemical properties and other 
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characteristics that affect management. Mostly the 
properties are those of horizons below plow depth where 
there is much biological activity. Among the properties 
and characteristics considered are particle-size class, 
mineral content, temperature regime, depth of the root 
zone, consistence, moisture equivalent, slope, and 
permanent cracks. A family name consists of the name 
of a subgroup preceded by terms that indicate soil 
properties. An example is fine-loamy, mixed, mesic 
Cumulic Haplustolls. 

SERIES. The series consists of soils that have similar 
horizons in their profile. The horizons are similar in color, 
texture, structure, reaction, consistence, mineral and 
chemical composition, and arrangement in the profile. 
The texture of the surface layer or of the substratum can 
differ within a series. 

Taxonomic units and their 
morphology 

In this section, each taxonomic unit recognized in the 
survey area is described. The descriptions are arranged 
in alphabetic order. 

Characteristics of the soil and the material in which it 
formed are identified for each unit. The soil is compared 
with similar soils and with nearby soils of other units. A 
pedon, a small three-dimensional area of soil, that is 
typical of the units in the survey area is described. The 
detailed description of each soil horizon follows 
standards in the Soil Survey Manual (6). Many of the 
technical terms used in the descriptions are defined in 
Soil Taxonomy (7). Unless otherwise stated, colors in the 
descriptions are for dry soil. Following the pedon 
description is the range of important characteristics of 
the soils in the unit. 

The map units of each taxonomic unit are described in 
the section "Detailed soil map units." 

Abrazo series 

The soils in the Abrazo series are classified as Aridic 
Argiustolls, fine, mixed, mesic. These moderately deep, 
well drained soils formed in colluvium and residuum 
derived mainly from acid igneous rock. They are on 
mountains, ridges, and hills. Slope is 3 to 45 percent. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 14 inches. The average annual air 
temperature is 54 degrees F. and the frost-free season 
is 150 to 180 days. 

Typical pedon of an Abrazo very cobbly clay loam in 
an area of Abrazo-Luzena complex, 15 to 45 percent 
slopes: about 2 miles south of Bayard; SE1 /4NW1 /4 of 
sec. 7, T. 18 S., R. 12 W. 
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A1-0 to 2 inches; dark grayish brown (10YR 412) very 
cobbly clay loam, very dark brown (1 OYR 312) moist; 
moderate fine granular structure; soft, very friable, 
slightly sticky and slightly plastic; many fine and very 
fine roots; many fine interstitial pores; thin patchy 
clay films; 40 percent cobbles and gravel; neutral 
(pH 7.2); clear smooth boundary. 

821 t-2 to 9 inches; dark brown (7.5YR 412) clay, very 
dark brown (7.5YR 312) moist; moderate medium 
subangular blocky structure; hard, friable, sticky and 
plastic; common fine and very fine roots; common 
very fine tubular pores; thin continuous clay films; 
mildly alkaline (pH 7.4); clear smooth boundary. 

B22t-9 to 20 inches; brown (7.5YR 412) clay, dark 
brown (7.5YR 312) moist; moderate coarse prismatic 
structure parting to strong coarse subangular blocky; 
very hard, firm, sticky and plastic; few very fine 
roots; few very fine tubular pores; thick continuous 
clay films; mildly alkaline (pH 7.6); clear smooth 
boundary. 

B23t-20 to 27 inches; dark reddish gray (5YR 412) clay, 
dark reddish gray (5YR 412) moist; strong medium 
subangular blocky structure; very hard, firm, sticky 
and plastic; few very fine roots; few very fine tubular 
pores; thin continuous clay films: moderately alkaline 
(pH 8.0); clear wavy boundary. 

R-27 inches; acid igneous bedrock. 

The thickness of the solum and depth to bedrock 
range from 21 to 40 inches. 

The A horizon has hue of 7.5YR or 10YR, value of 3 
to 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. It is cobbly clay loam, very cobbly clay loam, or 
sandy loam. 

The B2t horizon has hue of 5YR or 7.5YR, value of 4 
or 5 when dry and 3 or 4 when moist, and chroma of 2 
or 3. 

Anthony series 

The soils in the Anthony series are classified as Typic 
Torrifluvents, coarse-loamy, mixed (calcareous), thermic. 
These deep, well drained soils formed in stratified 
alluvium derived from mixed sources. They are on flood 
plains. Slope is 1 to 3 percent. Elevation is 4,000 to 
5,500 feet. The average annual precipitation is 1 0 
inches. The average annual air temperature is 60 
degrees F, and the frost-fr~e season is 180 to 220 days. 

Typical pedon of Anthony fine sandy loam, 1 to 3 
percent slopes; NE1 I 4SW1 I 4NW1 I 4 of sec. 6, T. 18 S., 
A. 18 W. 

A 1-0 to 4 inches; pale brown (1 OYR 613) fine sandy 
loam, dark grayish brown (1 OYR 412) moist; single 
grained; loose; common fine roots; many fine 
interstitial pores; noncalcareous; mildly alkaline (pH 
7.8); abrupt smooth boundary. 

Soil survey 

C1-4 to 13 inches; pale brown (1 OYR 613) fine sandy 
loam, dark brown (1 OYR 413) moist; massive; soft, 
very friable, nonsticky and nonplastic; common fine 
roots; few fine interstitial pores; slightly calcareous; 
mildly alkaline (pH 7.8); abrupt smooth boundary. 

C2-13 to 15 inches; light brownish gray (1 OYR 612) 
loamy fine sand, dark brown (1 OYR 412) moist; 
single grained; loose; common fine roots; few fine 
interstitial pores; mildly alkaline (pH 7.8); abrupt 
smooth boundary. 

C3-15 to 19 inches; pale brown (1 OYR 613) fine sandy 
loam, dark brown (1 OYR 412) moist; massive; soft, 
very friable, nonsticky and nonplastic; common fine 
roots; few fine tubular pores; slightly calcareous; 
mildly alkaline (pH 7.8); abrupt smooth boundary. 

C4-19 to 27 inches; light brownish gray (1 OYR 612) 
sand, dark brown (1 OYR 412) moist; single grained; 
loose; few fine roots; many fine interstitial pores; 
mildly alkaline (pH 7.8); abrupt smooth boundary. 

C5-27 to 29 inches; grayish brown (1 OYR 5/2) silty 
clay, dark brown (1 OYR 412) moist; massive; hard, 
firm, sticky and plastic; few very fine roots; few fine 
tubular pores; slightly calcareous; mildly alkaline (pH 
7.8); abrupt smooth boundary. 

C6-29 to 36 inches; brown (1 OYR 5/3) sandy clay 
loam, dark grayish brown (1 OYR 4/2) moist; 
massive; slightly hard, friable, slightly sticky and 
slightly plastic; common fine roots; common fine 
tubular pores; slightly calcareous; mildly alkaline (pH 
7.8); abrupt smooth .boundary. 

C7-36 to 39 inches; pale brown (10YR 613) sand, dark 
brown (1 OYR 413) moist; single grained; loose; 
common fine and medium roots; many fine 
interstitial pores; mildly alkaline (pH 7.8); abrupt 
smooth boundary. 

C8-39 to 60 inches; brown (1 OYR 5/3) silty clay loam, 
dark brown (1 ciYR 4/3) moist; massive; slightly hard, 
friable, sticky and slightly plastic; common fine and 
medium roots; common fine tubular pores; strongly 
calcareous; mildly alkaline (pH 7.8). 

The profile has value of 5 or 6 when dry and 3 or 4 
when moist, and it has chroma of 2 or 3. Anthony soils 
are subject to rare, very brief periods of flooding during 
June through September. 

Arlzo series 

The soils in the Ariza series are classified as Typic 
Torriorthents, sandy-skeletal, mixed, thermic. These 
deep, excessively drained soils formed in alluvium 
derived from mixed sources. They are on flood plains 
and alluvial fans. Slope is 0 to 5 percent. Elevation is 
4,000 to 5,500 feet. The average annual precipitation is 
1 0 inches. The average annual air temperature is 60 
degrees F, and the frost-free season is 180 to 220 days. 
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Typical pedon of an Arizo loamy sand in an area of 
Mimbres-Arizo-Aiverwash association, 0 to 5 percent 
slopes; about 12 miles southeast of Hurley; 
NE114SW114 of sec. 24, T. 20 S., A. 12 W .. 

A 11-0 to 2 inches; brown (1 OYA 513) loamy sand, dark 
grayish brown (1 OYA 412) moist; weak fine granular 
structure; soft, very friable, nonsticky and nonplastic; 
few very fine roots; many very fine interstitial pores; 
slightly calcareous; neutral (pH 7.2); clear smooth 
boundary. 

A12-2 to 12 inches; grayish brown (10YA 512)Joamy 
sand, dark grayish brown (1 OYA 412) moist; weak 
fine granular structure; soft, very friable, nonsticky 
and nonplastic; few very fine roots; many very fine 
interstitial pores; slightly calcareous; neutral (pH 
7.2); clear smooth boundary. 

C1-12 to 18 inches; brown (1 OYA 513) loamy fine sand, 
dark grayish brown (1 OYA 412) moist; weak fine 
granular structure; soft, very friable, nonsticky and 
nonplastic; few very fine roots; many very fine 
interstitial pores; slightly calcareous; neutral (pH 
7.2); clear smooth boundary. 

C2-18 to 60 inches; grayish brown (10YA 512) very 
gravelly sand, dark grayish brown (1 OYA 412) moist; 
single grained; loose; few very fine roots; many very 
fine, fine, and medium interstitial pores; mildly 
alkaline (pH 7.4). 

The A horizon has value of 5 or 6 when dry, and it has 
chroma of 2 or 3. 

The C horizon has value of 5 or 6 when dry. It is very 
gravelly sand or very gravelly loamy sand. In some 
areas, the reaction is influenced by drainage from copper 
smelters. 

The Arizo soils are subject to frequent, very brief 
periods of flooding during March through September. 

Boysag series 

The soils in the Boysag series are classified as Lithic 
Ustollic Haplargids, clayey, mixed, mesic. These shallow, 
well drained soils formed in residuum and colluvium 
derived mainly from conglomerate. They are on hills and 
ridges. Slope is 3 to 35 percent. Elevation is 5,500 to 
6,500 feet. The average annual precipitation is 14 
inches. The average annual· air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of Boysag clay loam, 15 to 35 percent 
slopes; about 7 miles southwest of Silver City; 
NE1 14SW1 14 of sec. 10, T. 18 S., A. 14 W. 

A 1-0 to 2 inches; reddish brown (5YA 413) clay loam, 
dark reddish brown (5YA 314) moist; moderate fine 
angular blocky structure; soft, friable, sticky and 
plastic; many fine roots; many fine interstitial pores; 
mildly alkaline (pH 7.8); clear smooth boundary. 
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B2t-2 to 8 inches; reddish brown (5YA 414) clay, dark 
reddish brown (5YA 31 4) moist; strong medium 
subangular blocky structure; hard, firm, sticky and 
plastic; many fine roots; many fine interstitial and 
tubular pores; moderately alkaline (pH 8.0); clear 
smooth boundary. 

B3t-8 to 14 inches; reddish brown (5YA 41 4) gravelly 
clay, dark reddish brown (5YA 314) moist; moderate 
medium angular blocky structure; hard, firm, sticky 
and plastic; common very fine and fine roots; 
common very fine and fine interstitial and tubular 
pores; strongly calcareous; moderately alkaline (pH 
8.4); abrupt smooth boundary. 

A-14 inches; strongly cemented conglomerate. 

The thickness of the solum and depth to bedrock 
range from 6 to 20 inches. 

The A horizon, where present; has hue of 5YA to 
1 OYA, value of 4 to 6 when dry and 3 or 4 when moist, 
and chroma of 2 to 4. It is clay loam or sandy clay loam. 

The B horizon has hue of 5YA or 7.5YA, value of 3 to 
6 when dry and 3 or 4 when moist, and chroma of 2 to 
6. It is gravelly clay, gravelly heavy clay loam, clay, or 
heavy clay loam. It is mildly alkaline or moderately 
alkaline. 

The bedrock commonly is soft in the upper part but 
becomes harder as depth increases. 

Bucklebar series 

The soils in the Bucklebar series are classified as 
Typic Haplargids, fine-loamy, mixed, thermic. These 
deep, well drained soils formed in alluvium derived from 
mixed sources. They are on alluvial fans and plains. 
Slope is 1 to 5 percent. Elevation is 4,000 to 5,500 feet. 
The average annual precipitation is 1 0 inches. The 
average annual air temperature is 60 degrees F, and the 
frost-free season is 180 to 220 days. 

Typical pedon of a Bucklebar coarse sandy loam in an 
area of Bucklebar-Sonoita-Continental association, 1 to 8 
percent slopes; about 20 miles northwest of Hachita; 
NW1 I 4SW1 I 4NE1 I 4 of sec. 14, T. 24 S., A. 16 W. 

A1-0 to 3 inches; brown (7.5YA 514) sandy loam, dark 
brown (7.5YA 414) moist; weak medium granular 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; many fine roots; many fine 
pores; noncalcareous; neutral (pH 6.8); clear smooth 
boundary. 

B1t-3 to 7 inches; reddish brown (5YA 514) sandy clay 
loam, reddish brown (5YA 414) moist; weak medium 
and fine subangular blocky structure; hard, friable, 
slightly sticky and slightly plastic; many fine roots; 
many fine pores; common clay bridges between 
sand grains; noncalcareous; neutral (pH 6.8); clear 
smooth boundary. 
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B21t-7 to 16 inches: reddish brown (SYR 5/4) sandy 
clay loam, reddish brown (SYR 4/3) moist; moderate 
medium subangular blocky structure; hard, friable, 
slightly sticky and plastic; common fine roots; 
common fine pores: common clay bridges between 
sand grains and many clay films on faces of peds; 
noncalcareous; mildly alkaline (pH 7.5); gradual 
smooth boundary. 

B22t-16 to 27 inches: strong brown (7.5YR 5/6) clay 
loam, brown (7.5YR 4/4) moist; weak medium 
subangular blocky structure; hard, friable, slightly 
sticky and plastic; few fine roots; common fine and 
medium pores: common thin clay films on faces of 
peds; noncalcareous: mildly alkaline (pH 7.8); 
gradual smooth boundary. 

B3tca-27 to 34 inches: light brown (7.5YR 6/4) clay 
loam, brown (7.5YR 4/4) moist; hard, friable, slightly 
sticky and plastic; few fine pores; few thin clay films; 
slightly calcareous; moderately alkaline (pH 8.4); 
clear smooth boundary. 

Cca-34 to 60 inches; reddish brown (SYR 5/4) sandy 
clay loam, reddish brown (SYR 4/4) moist: hard, 
friable, slightly sticky and slightly plastic; common 
fine pores; moderately calcareous; moderately 
alkaline (pH 8.2). 

The solum is 20 to 40 inches thick. Gravel is present 
in some pedons, but it is less than 15 percent of the 
profile. 

The A horizon has hue of 7.5YR or 1 OYR, value of 5 
or 6 when dry and 3 or 4 when moist, and chroma of 3 
or 4. 

The Bt horizon has hue of SYR or 7.5YR, value of 5 or 
6 when dry and 4 or 5 when moist, and chroma of 3 to 
6. 

The C horizon is sandy clay loam, clay loam, sandy 
loam, or gravelly sandy loam. A buried soil is in many 
pedons below a depth of 40 inches. 

Carnero series 

The soils in the Carnero series are classified as Aridic 
Argiustolls, fine, mixed, mesic. These moderately deep, 
well drained soils formed in residuum derived mainly 
from shale and sandstone and are altered by local 
alluvium. They are on ridges, hills, and valley sides. 
Slope is 3 to 1 0 percent. Elevation is 5,000 to 7,000 feet. 
The average annual precipitation is 14 inches. The 
average annual air temperature is 54 degrees F, and the 
frost-free season is 150 to 180 days. 

Typical pedon of a Carnero fine sandy loam in an area 
of Carnero-Santa Fe complex, 5 to 15 percent slopes; 
about 0.2 mile north and 0.1 mile west of the southeast 
corner of sec. 15, T. 17 S., R. 14 W. 

Soil survey 

A 1-0 to 3 inches; brown (1 OYR 5/3) fine sandy loam, 
dark brown (1 OYR 3/3) moist; weak fine subangular 
blocky structure; soft, very friable, slightly sticky and 
slightly plastic; common fine and very fine roots; 
many very fine pores: neutral (pH 6.8); clear smooth 
boundary. 

B1t-3 to 6 inches; brown (10YR 4/3) clay loam, very 
dark grayish brown (1 OYR 3/2) moist; weak medium 
subangular blocky structure:· hard, friable, slightly 
sticky and plastic; common fine and very fine roots; 
few fine and very fine pores; neutral (pH 7.0); clear 
smooth boundary. 

B21t-6 to 12 inches; brown (1 OYR 4/3) heavy clay 
loam, dark brown (1 OYR 3/3) moist; moderate 
medium subangular blocky structure; hard, friable, 
sticky and plastic; common fine and very fine roots; 
few fine and very fine pores; thin continuous clay 
films; mildly alkaline (pH 7.6); clear smooth 
boundary. 

B22t-12 to 27 inches; brown (1 OYR 4/3) heavy clay 
loam, brown (1 OYR 4/3) moist; strong coarse 
subangular blocky structure; very hard, friable, sticky 
and plastic; common fine and very fine roots: few 
fine and very fine pores; thin continuous clay films: 
mildly alkaline (pH 7.8); clear smooth boundary. 

B23t-27 to 34 inches; brown (1 OYR 5/ 4) silty clay loam, 
brown (1 OYR 4/3) moist; moderate medium 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; few fine and very fine 
pores: thin patchy clay films; slightly calcareous; 
moderately alkaline (pH 8.0); gradual smooth 
boundary. 

Cr-34 to 40 inches; partially weathered sandstone and 
shale that breaks to brownish yellow (1 OYR 6/6) 
silty clay loam, yellowish brown (1 OYR 5/ 4) moist: 
massive; hard, friable, slightly sticky and slightly 
plastic; very few very fine roots in cracks; few fine 
and very fine pores: thin patchy clay films along 
cracks; slightly calcareous; moderately alkaline (pH 
8.2): clear smooth boundary. 

R-40 inches; hard sandstone. 

The thickness of the solum and depth to soft 
sandstone and shale range from 25 to 34 inches. The A 
horizon has chroma of 2 or 3. The Bt horizon has value 
of 4 to 6 when dry and 3 to 5 when moist, and it has 
chroma of 3 or 4. It is clay or heavy clay loam. 

Conger series 

The soils in the Conger series are classified as Ustollic 
Paleorthids, loamy, mixed, thermic, shallow. These well 
drained soils are shallow to indurated caliche. They 
formed in alluvium derived from mixed sources. They are 
on ridges,, terraces, and alluvial fans. Slope is 0 to 5 
percent. Elevation is 4,000 to 5,500 feet. The average 
annual precipitation is 1 0 inches. The average annual air 
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temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of Conger gravelly loam, 0 to 5 percent 
slopes; about 6 miles southeast of Hurley; NE1 14NE1 14 
of sec. 28, T. 19 S., R. 12 W. 

A 11-0 to 2 inches; grayish brown (1 OYR 512) gravelly 
loam, very dark grayish brown (1 OYR 312) moist; 
weak fine granular structure; loose, slightly sticky 
and slightly plastic; many very fine roots; many very 
fine and fine interstitial pores; moderately alkaline 
granular structure; soft, very friable, slightly sticky 

A 12-2 to 13 inches; brown (1 OYR 513) clay loam, dark 
grayish brown (1 OYR 412) moist; moderate medium 
granular structure; soft, very friable, slightly sticky 
and slightly plastic; common very fine roots; many 
very fine interstitial pores; strongly alkaline (pH 8.8); 
abrupt wavy boundary. 

C1 cam-13 inches; strongly indurated caliche. 

The A 11 horizon has hue of 7.5YR or 1 OYR, value of 4 
or 5 when dry and 3 or 4 when moist, and chroma of 2 
or 3. It is fine sandy loam or gravelly loam and is 1 0 to 
25 percent coarse fragments. The A 12 horizon is clay 
loam or sandy clay loam. 

The C1 cam horizon is at a depth of 10 to 20 inches. It 
is 1 0 inches thick or more. 

Continental series 

The soils in the Continental series are classified as 
Typic Haplargids, fine, mixed, thermic. These deep, well 
drained soils formed in alluvium derived from mixed 
sources. They are on toe slopes of plains, along 
drainageways, and in depressional areas. Slope is 0 to 2 
percent. Elevation is 4,000 to 5,500 feet. The average 
annual precipitation is 1 0 inches. The average annual air 
temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of a Continental sandy loam in an area 
of Bucklebar-Sonoita-Continental association, 1 to 8 
percent slopes; about 19 miles northwest of Hachita; 
SW1 I 4SW1 I 4SE1 I 4 of sec. 22, T. 24 S., R. 16 W. 

A-0 to 7 inches; brown (7.5YR 514) sandy loam, brown 
(7.5YR 414) moist; weak fine granular structure; 
slightly hard, friable, slightly sticky and slightly 
plastic; common fine roots; many fine pores and few 
medium pores; noncalcareous; neutral (pH 7.0); 
clear smooth boundary. 

B21t-7 to 20 inches; reddish brown (5YR 514) sandy 
clay, reddish brown (5YR 414) moist; moderate 
medium subangular blocky structure; hard, friable, 
sticky and plastic; few fine roots; common fine 
pores; few thin clay films on faces of peds and 
common bridges between sand grains; 

noncalcareous; neutral (pH 7.0); clear smooth 
boundary. 

B22t-20 to 39 inches; light reddish brown (5YR 614) 
clay, reddish brown (5YR 414) moist; moderate 
medium subangular blocky structure; hard, friable, 
sticky and plastic; few fine roots; common fine 
pores; many thin clay films on faces of peds; 
noncalcareous; mildly alkaline (pH 7.8); gradual 
wavy boundary. 
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Cca-39 to 60 inches; light reddish brown (5YR 614) silty 
clay loam, reddish brown (5YR 414) moist; massive; 
slightly hard, friable, slightly sticky and slightly 
plastic; many fine pores; strongly calcareous; 
moderately alkaline (pH 8.4). 

The thickness of the solum is 26 to 50 inches. 
The A horizon has hue of 5YR or 7.5YR, value of 4 or 

5 when dry and 3 or 4 when moist, and chroma of 4 to 
6. It is sandy loam or sandy clay loam. 

The Bt horizon has hue of 2.5YR or 5YR, value of 3 to 
6 when dry and 3 to 5 when moist, and chroma of 4 to 
6. The upper 20 inches of the horizon averages 35 to 50 
percent clay. 

The Cca horizon is clay loam, silty clay loam, sandy 
clay loam, or gravelly sandy clay loam. 

Dagflat series 

The soils in the Dagflat series are classified as Aridic 
Argiustolls, fine-loamy, mixed, mesic. These moderately 
deep, well drained soils formed in residuum derived 
mainly from acid igneous rock. They are in intraridge 
valleys and on hills. Slope is 1 to 15 percent. Elevation is 
5,000 to 7,000 feet. The average annual precipitation is 
15 inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of a Dagflat loam in an area of Dagflat
Santa Fe complex, 1 to 25 percent slopes; about 0.3 
mile south and 0.3 mile east of the northwest corner of 
sec. 5, T. 18 S., R. 13 W. 

A 11-0 to 3 inches; brown (7.5YR 413) loam, dark 
brown (7.5YR 312) moist; strong fine granular 
structure; soft, friable, slightly sticky and slightly 
plastic; common fine and very fine roots; many fine 
and very fine interstitial pores; noncalcareous; 
slightly acid (pH 6.4); clear smooth boundary. 

A12-3 to 8 inches; brown (7.5YR 412) loam, dark 
brown (7.5YR 312) moist; weak coarse subangular 
blocky structure; hard, friable, slightly sticky and 
slightly plastic; common fine and very fine roots; few 
fine and very fine pores; noncalcareous; neutral (pH 
6.8); clear smooth boundary. 
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B21t-8 to 13 inches; dark reddish gray (5YR 4/2) sandy 
clay loam, dark reddish brown (5YR 3/2) moist; 
strong medium subangular blocky structure; very 
hard, friable, slightly sticky and slightly plastic; few 
fine and very fine roots; few fine and very fine pores; 
thin continuous clay films; noncalcareous; mildly 
alkaline (pH 7.6); gradual smooth boundary. 

B22t-13 to 19 inches; brown (7.5YR 4/3) sandy clay 
loam, dark brown (7.5YR 3/3) moist; moderate 
coarse subangular blocky structure; hard, friable, 
slightly sticky and slightly plastic; few fine and very 
fine roots; thin continuous clay films; noncalcareous; 
mildly alkaline (pH 7.6); gradual smooth boundary. 

B23t-19 to 31 inches; brown (7.5YR 5/4) gravelly 
sandy clay loam, dark brown (7.5YR 4/4) moist; 
moderate coarse subangular blocky structure; hard, 
friable, slightly sticky and slightly plastic; few fine 
and very fine roots; thin continuous clay films; 
noncalcareous; mildly alkaline (pH 7.6); abrupt 
irregular boundary. 

R-31 inches; igneous bedrock. 

The depth to bedrock and thickness of the solum 
range from 21 to 40 inches. 

The A horizon has hue of 5YR to 1 OYR, value of 3 to 
5 when dry and 2 or 3 when moist, and chroma of 2 or 
3. 

The B2t horizon has hue of 5YR or 7.5YR, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 2 
to 4. It is light clay loam or sandy clay loam. Some 
pedons do not have gravel in the lower part of the B2t 
horizon. 

The upper few inches of the R horizon is slightly 
weathered. 

Denver Variant 

The Denver Variant soils are classified as Torrertic 
Argiustolls, fine, mixed, mesic. These deep, well drained 
soils formed in fine textured alluvium derived mainly from 
conglomerate. They are on ridges, hills, and toe slopes. 
Slope is 1 to 9 percent. Elevation is 5,500 to 6,500 feet. 
The average annual precipitation is 15 inches. The 
average annual air temperature is 53 degrees F, and the 
frost-free season is 150 to 180 days. 

Typical pedon of a Denver Variant clay loam in an 
area of Lonti-Denver Variant complex, 1 to 25 percent 
slopes; about 0.6 mile west and 0.3 mile north of the 
southeast corner of sec. 17, T. 18 S., R. 14 W. 

A 1-0 to 2 inches; dark grayish brown (1 OYR 4/2) clay 
loam, dark brown (7.5YR 3/2) moist; weak fine 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; common fine and 
very fine roots; many very fine tubular pores; 
noncalcareous; neutral (pH 6.8); clear smooth 
boundary. 

Soil survey 

821 t-2 to 11 inches; brown (7.5YR 4/2) clay, dark 
brown (7.5YR 3/2) moist; moderate coarse 
subangular blocky structure; very hard, firm, sticky 
and plastic; common fine and very fine roots; few 
fine tubular pores; thin patchy clay films on faces of 
peds; noncalcareous; mildly alkaline (pH 7 .6); 
gradual smooth boundary. 

B22t-11 to 21 inches; brown (7.5YR 4/2) clay, dark 
brown (7.5YR 3/2) moist; moderate coarse 
subangular blocky structure; very hard, firm, sticky 
and plastic; common fine and very fine roots; few 
very fine tubular pores; thin patchy clay films on 
faces of peds; noncalcareous; mildly alkaline (pH 
7.6); gradual smooth boundary. 

B23t-21 to 30 inches; brown (7.5YR 5/2) clay, dark 
brown (7.5YR 4/2) moist; moderate coarse 
subangular blocky structure; very hard, firm, sticky 
and plastic; few fine and very fine roots; few fine 
tubular pores; thin patchy clay films on faces of 
peds; noncalcareous; moderately alkaline (pH 8.4); 
clear wavy boundary. 

C1-30 to 60 inches; brown (7.5YR 5/4) gravelly clay, 
dark brown (7.5YR 4/4) moist; weak coarse 
subangular blocky str~:~cture; very hard, firm, sticky 
and plastic; few very fine interstitial pores; 
noncalcareous; moderately alkaline (pH 8.4). 

The solum is 20 to 40 inches thick. 
The A horizon has hue of 7,5YR or 1 OYR, value of 4 

or 5 when dry, and chroma of 2 or 3. 
The B horizon has hue of 5YR or 7.5YR, value of 4 or 

5 when dry, and chroma of 2 to 6. Some pedons have a 
paralithic contact at a depth of 50 to 60 inches. 

Ellicott series 

The soils in the Ellicott series are classified as Ustic 
Torrifluvents, sandy, mixed, mesic. These deep, 
somewhat excessively drained soils formed in alluvium 
derived from mixed sources. They are on flood plains, in 
stream channels, and on alluvial fans. Slope is 0 to 3 
percent. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of an Ellicott gravelly sand in an area of 
Paymaster-Ellicott complex, 1 to 3 percent slopes; about 
0.2 mile south and 0.2 mile east of the northwest corner 
of sec. 18, T. 18 S., R. 13 W. 

C1-0 to 6 inches; dark yellowish brown (10YR 4/4) 
gravelly sand, dark yellowish brown (10YR 3/4) 
moist; single grained; loose; few fine roots; 20 
percent gravel; noncalcareous; mildly alkaline (pH 
7.6); clear smooth boundary. 
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C2-6 to 60 inches: dark yellowish brown (1 OYA 4/ 4) 
sand, dark yellowish brown (1 OYA 3/ 4) moist: single 
grained: loose: few fine roots: 15 percent gravel: 
noncalcareous: mildly alkaline (pH 7.6). 

The profile is stratified sandy loam, loamy sand, 
gravelly sand, gravelly loamy sand, or gravelly sandy 
loam. Thin lenses of finer textured material such as loam 
or silt loam are in some pedons. 

The Ellicott soils are subject to frequent, very brief 
periods of flooding during July through September. 

Encierro series 

The soils in the Encierro series are classified as Lithic 
Argiustolls, clayey, mixed, mesic. These shallow, well 
drained soils formed in residuum derived mainly from 
limestone. They are on hills and ridges. Slope is 8 to 35 
percent. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of an Encierro gravelly loam in an area 
of Encierro-Aock outcrop complex, 15 to 35 percent 
slopes: about 0.3 mile east and 0.1 mile south of the 
northwest corner of sec. 4, T. 18 S., A. 14 W. 

A1-0 to 2 inches: dark brown (7.5YA 4/2) gravelly 
loam, dark brown (7.5YA 3/2) moist: strong fine 
granular structure: soft, friable, slightly sticky and 
slightly plastic: many fine and very fine roots: many 
fine interstitial pores: 25 percent coarse fragments: 
mildly alkaline (pH 7.8): clear smooth boundary. 

B21t-2 to 6 inches: dark brown (7.5YA 4/2) gravelly 
clay, dark brown (7.5YA 3/2) moist: strong fine 
subangular blocky structure: very hard, friable, sticky 
and plastic: many very fine and fine roots: few fine 
tubular pores: thin continuous clay films on faces of 
peds: 15 percent coarse fragments: mildly alkaline 
(pH 7.8): clear wavy boundary. 

B22t-6 to 9 inches: dark reddish brown (5YA 3/4) 
gravelly clay, dark reddish brown (5YA 3/4) moist: 
strong fine subangular blocky structure: very hard, 
friable, sticky and plastic: many very fine and fine 
roots: few fine tubular pores: thin continuous clay 
films: 15 percent coarse fragments: mildly alkaline 
(pH 7.8); clear irregular boundary. 

A-9 inches: fractured dolomitic limestone. 

The depth to bedrock is 7 to 20 inches. 
The A horizon has hue of 1 OYA or 7.5YA, value of 4 

or 5 when dry, and chroma of 2 or 3. 
The B horizon has hue of 5YA or 7.5YA, value of 3 or 

4 when moist, and chroma of 3 or 4. It is gravelly clay, 
clay, or clay loam. 
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Gaddes series 

The soils in the Gaddes series are classified as 
Ustollic Haplargids, fine-loamy, mixed, mesic. These 
moderately deep, well drained soils formed in residuum 
derived mainly from acid igneous rock. They are on the 
sides of ridges. Slope is 5 to 35 percent. Elevation is 
5,500 to 7,000 feet. The average annual precipitation is 
15 inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of a Gaddes gravelly sandy loam in an 
area of Gaddes-Santa Fe-Aock outcrop complex, 15 to 
45 percent slopes: about 0.8 mile south and 0.1 mile 
east of the northwest corner of sec. 3, T. 17 S., A. 14 W. 

A 1-0 to 2 inches: brown (1 OYA 4/3) gravelly sandy 
loam, dark brown (1 OYA 3/3) moist: moderate fine 
granular structure: slightly hard, very friable, slightly 
sticky and slightly plastic: common very fine and fine 
roots: common very fine pores: noncalcareous: 
neutral (pH 6.8): clear smooth boundary. 

B21t-2 to 6 inches: brown (7.5YA 4/4) gravelly sandy 
clay loam, dark brown (7.5YA 3/4) moist: strong 
coarse subangular blocky structure parting to 
moderate fine subangular blocky: hard, friable, 
slightly sticky and slightly plastic; common fine and 
very fine roots: few very fine pores: few thin clay 
films on coarse fragments and sand grains: 
noncalcareous: neutral (pH 6.6): clear wavy 
boundary. 

B22t-6 to 12 inches: brown (7.5YA 4/4) gravelly sandy 
clay loam, strong brown (7.5YA 4/6) moist: 
moderate coarse subangular blocky structure: very 
hard, friable, slightly sticky and slightly plastic: 
common medium and fine roots: few very fine pores: 
common thin clay films on coarse fragments and 
sand grains: noncalcareous: slightly acid (pH 6.2): 
clear wavy boundary. 

B23t-12 to 22 inches: strong brown (7.5YA 5/6) 
gravelly sandy clay loam, strong brown (7.5YA 5/6) 
moist: moderate coarse subangular blocky structure: 
very hard, friable, slightly sticky and slightly plastic; 
few fine and very fine roots: few very fine pores: 
common thin clay films on coarse fragments and 
sand grains: noncalcareous: slightly acid (pH 6.2): 
clear wavy boundary. 

C1-22 inches: weathered granite. 

The thickness of the solum and depth to weathered 
granite range from 20 to 40 inches. 

The A horizon has hue of 7.5YA or 10YA, value of 4 
or 5 when dry and 2 or 3 when moist, and chroma of 2 
to 4. 

The Bt horizon has hue of 5YA or 7.5YA, value of 3 to 
6 when dry or moist, and chroma of 3 to 6. It is gravelly 
sandy clay loam or gravelly clay loam. 
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Gila Variant 

The Gila Variant soils are classified as Typic 
Torrifluvents, fine-loamy, mixed (calcareous), thermic. 
These deep, well drained soils formed in stratified 
alluvium derived from mixed sources. They are on flood 
plains, alluvial fans, and side slopes. Slope is 0 to 3 
percent. Elevation is 4,000 to 5,000 feet. The average 
annual precipitation is 1 0 inches. The average annual air 
temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of Gila Variant fine sandy loam, 1 to 3 
percent slopes; about 3 miles southwest of Redrock; 
SW1/4NW1/4 of sec. 32, T. 18 S., R. 18 W. 

Ap1-0 to 2 inches; pale brown (1 OYR 6/3) fine sandy 
loam, dark grayish brown (1 OYR 4/2) moist; weak 
fine granular structure; soft, verj friable, nonsticky 
and nonplastic; many fine roots; few fine tubular 
pores; slightly effervescent; moderately alkaline (pH 
8.2); abrupt smooth boundary. 

Ap2-2 to 8 inches; pale brown (1 OYR 6/3) fine sandy 
loam, dark brown (10YR 4/2) moist; weak fine 
granular structure; soft, very friable, nonsticky and 
nonplastic; many fine roots; few fine tubular pores; 
slightly effervescent; moderately alkaline (pH 8.0); 
clear smooth boundary. 

Ap3-8 to 14 inches; light gray (1 OYR 7/2) loam, dark 
brown (1 OYR 3/3) moist; massive; soft, very friable, 
slightly sticky and slightly plastic; many fine roots; 
few fine tubular pores; slightly effervescent; mildly 
alkaline (pH 7.8); clear wavy boundary. 

C1-14 to 26 inches; light yellowish brown (10YR 6/4) 
silty clay loam, dark brown (1 OYR 3/3) moist; 
massive; slightly hard, friable, slightly sticky and 
slightly plastic; many fine roots; many fine tubular 
pores; slightly effervescent; mildly alkaline (pH 7.8); 
abrupt smooth boundary. 

C2-26 to 28 inches; pale brown (1 OYR 6/3) sandy clay 
loam, dark brown (1 OYR 4/3) moist; massive; soft, 
very friable, slightly sticky and slightly plastic; many 
fine roots; few fine tubular pores; slightly 
effervescent; mildly alkaline (pH 7.8); abrupt smooth 
boundary. 

C3-28 to 37 inches; pale brown (1 OYR 6/3) silty clay 
loam, dark brown (1 OYR 3/3) moist; massive; soft, 
very friable, slightly sticky and slightly plastic; 
common fine roots; common medium tubular pores; 
slightly. effervescent; mildly alkaline (pH 7.8); abrupt 
smooth boundary. 

C4-37 to 60 inches; pale brown (1 OYR 6/3) fine sandy 
loam, dark brown (1 OYR 4/3) moist; massive; soft, 
very friable, nonsticky and nonplastic; common fine 
roots; many fine interstitial pores; slightly 
effervescent; mildly alkaline (pH 7.8). 

Soil survey 

The profile has value of 5 to 7 when dry and 3 to 5 
when moist, and it has chroma of 2 to 4. It is stratified 
and ranges from sand to clay, but averages loam or clay 
loam. Gila Variant soils are subject to occasional, very 
brief periods of flooding during April through October. 

Graham series 

The soils in the Graham series are classified as Lithic 
Argiustolls, clayey, montmorillonitic, thermic. These 
shallow, well drained soils formed in fine textured 
residuum derived mainly from igneous rock. They are on 
hills. Slope is 5 to 25 percent. Elevation is 4,500 to 
5,500 feet. The average annual precipitation is 1 0 
inches. The average annual air temperature is 60 
degrees F, and the frost-free season is 180 to 220 days. 

Typical pedon of a Graham clay loam in an area of 
Rock outcrop-Graham association, 5 to 25 percent 
slopes; about 18 miles northwest of Redrock; 
SW1/4NW1/4SE1/4 of sec. 5, T. 17 S., R. 21 W. 

A1-0 to 1 inch; brown (7.5YR 4/2) clay·loam, dark 
brown (7.5YR 3/2) moist; weak fine granular 
structure; soft, friable, slightly sticky and slightly 
plastic; common medium roots; many fine interstitial 
pores; noncalcareous; mildly alkaline (pH 7.6); 
abrupt smooth boundary. 

B21t-1 inch to 4 inches; dark reddish gray (5YR 4/2) 
clay, dark reddish brown (5YR 3/3) moist; moderate 
medium subangular blocky structure; soft, friable, 
sticky and plastic; common medium roots; many fine 
tubular pores; noncalcareous; mildly alkaline (pH 
7.6); clear smooth boundary. 

B22t-4 to 9 inches; reddish brown (5YR 4/3) clay, dark 
reddish brown (5YR 3/3) moist; moderate medium 
subangular blocky structure; slightly hard, friable; 
sticky and plastic; common fine roots; common 
medium tubular pores; noncalcareous; mildly alkaline 
(pH 7.8); clear smooth boundary. 

B23t-9 to 13 inches; dar·k reddish brown (5YR 3/3) 
clay, dark reddish brown (5YR 3/3) moist; strong 
medium subangular blocky structure; slightly hard, 
friable, sticky and plastic; common fine roots; 
common fine tubular pores; noncalcareous; mildly 
alkaline (pH 7.8); clear wavy boundary. 

R-13 inches; andesite. 

The A horizon has hue of 5YR or 7.5YR, value of 3 or 
4 when dry, and chroma of 2 or 3. 

The B horizon has value of 3 to 5 when dry, and it has 
chroma of 2 or 3. Depth to lithic contact is 10 to. 20 
inches. 

Guy series 

The soils in the Guy series are classified as Aridic 
Calciustolls, coarse-loamy, mixed, mesic. These deep, 
well drained soils formed in old alluvium and eolian 
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material derived mainly from conglomerate. They are on 
ridges and hills. Slope is 1 to 35 percent. Elevation is 
5,500 to 6,500 feet. The average annual precipitation is 
14 inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of Guy very cobbly loam, 15 to 35 
percent slopes; about 0.7 mile south and 0.15 mile east 
of the northwest corner of sec. 36, T. 17 S., R. 15 W. 

A 1-0 to 8 inches; dark grayish brown (1 OYR 4/2) very 
cobbly loam, very dark grayish brown (10YR 3/2) 
moist; moderate fine granular structure; soft, friable, 
slightly sticky and slightly plastic; many fine and very 
fine roots; many very fine pores; 15 percent gravel 
and 40 percent cobbles; moderately calcareous; 
moderately alkaline (pH 8.2); clear wavy boundary. 

C1 ca-8 to 23 inches; light gray (1 OYR 7 /2) gravelly 
loam, light'brownish gray (10YR 6/2) moist; 
massive; slightly hard, friable, slightly sticky and 
slightly plastic; few fine and very fine roots; few fine 
pores; 20 percent gravel and 1 0 percent cobbles; 
strongly calcareous; moderately alkaline (pH 8.4); 
gradual wavy boundary. 

C2ca-23 to 31 inches; light gray (1 OYR 7 /2) gravelly 
sandy loam, pale brown (1 OYR 6/3) moist; massive; 
hard, friable, slightly sticky and slightly plastic; few 
fine and medium roots; few fine pores; 30 percent 
gravel; strongly calcareous; moderately alkaline (pH 
8.4); gradual smooth boundary. 

C3-31 to 60 inches; light gray (10YR 7/2) gravelly 
loamy sand, light brownish gray (1 OYR 6/2) moist; 
massive; slightly hard, very friable, nonsticky and 
nonplastic; many very fine interstitial pores; 30 
percent gravel; moderately calcareous; moderately 
alkaline (pH 8.3). · 

The depth to the Cca horizon is 7 to 18 inches. 
The A horizon has hue of 7.5YR or 10YR, value of 4 

or 5 when dry and 3 or 4 when moist, and chroma of 2 
or 3. It is gravelly loam or very cobbly loam and is 20 to 
65 percent gravel and cobbles. 

The Cca horizon has hue of 7.5YR or 1 OYR, value of 6 
to 8 when dry and 5 to 7 when moist, and chroma of 2 
or 3. It is mainly gravelly loam, gravelly sandy loam, or 
sandy loam. 

Haverson series 

The soils in the Haverson series are classified as Ustic 
Torrifluvents, fine-loamy, mixed (calcareous), mesic. 
These deep, well drained soils formed in alluvium 
derived from mixed sources. They are on flood plains 
and stream terraces. Slope is 0 to 1 percent Elevation is 
5,000 to 6,500 feet. The average annual precipitation is 
14 inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of Haverson silty clay loam, 0 to 1 
percent slopes; about 4 miles southeast of Buckhorn; 
NE1/4NE1/4SE1/4 of sec. 11, T. 15 S., R. 18 W. 

Al-0 to 2 inches; pale brown (10YR 6/3) silty clay 
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loam, brown (10YR 4/3) moist; moderate thin platy 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; many very fine roots; many very 
fine tubular and interstitial pores; violently 
calcareous; strongly alkaline (pH 8.6); abrupt smooth 
boundary. 

C1-2 to 1 0 inches; pale brown· (1 OYR 6/3) silt loam, 
brown (10YR 5/3) moist; weak medium subangular 
blocky structure; soft, very friable, slightly sticky and 
slightly plastic; common fine roots; few very fine 
interstitial pores; strongly calcareous; strongly 
alkaline (pH 8.6); abrupt smooth boundary. 

C2-1 0 to 14 inches; pale brown (1 OYR 6/3) loamy 
sand, brown (1 OYR 5/3) moist; single grained; loose; 
many very fine roots; many very fine interstitial 
pores; strongly calcareous; moderately alkaline (pH 
8.4); abrupt smooth boundary. 

C3-14 to 23 inches; pale brown (10YR 6/3) silty clay 
loam, brown (10YR 5/3) moist; massive; slightly 
hard, friable, slightly sticky and slightly plastic; many 
very fine roots; many fine interstitial pores; strongly 
calcareous; strongly alkaline (pH 8.6); abrupt smooth 
boundary. 

C4-23 to 26 inches; pale brown (1 OYR 6/3) sand, 
brown (1 OYR 5/3) moist; single grained; loose; few 
very fine roots; many very fine interstitial pores; 
slightly calcareous; moderately alkaline (pH 8.4); 
abrupt smooth boundary. 

C5-26 to 60 inches; light yellowish brown (10YR 6/4) 
silty clay loam, brown (1 OYR 5/3) moist; massive; 
slightly hard, friable, slightly sticky and slightly 
plastic; many fine and very fine roots; many fine 
vesicular pores; strongly calcareous; strongly 
alkaline (pH 8.6). 

The profile is very highly stratified and ranges from 
clay to sand, but averages silty clay loam. Reaction 
ranges from moderately alkaline in the coarser textured 
layers to very strongly alkaline in the finer textured 
layers. 

The Haverson soils are subject to rare, very brief 
periods of flooding during July through September. 

Hondale series 

The soils in the Hondale series are classified as Typic 
Natrargids, fine, mixed, thermic. These deep, well 
drained soils formed in alluvium derived from mixed 
sources. They are in bolsons and on flats. Slope is 0 to 
3 percent. Elevation is 4,000 to 5,000 feet. The average 
annual precipitation is 1 0 inches. The average annual air 
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temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of a Hondale sandy loam in an area of 
Hondale-Verhalen association, 0 to 3 percent slopes; 
about 22 miles northwest of Hachita; 
NW1 I 4NW1 I 4NW1 I 4 of sec. 6, T. 25 S., R. 16 W. 

A 1-0 to 5 inches; light brown (7.5YR 61 4) sandy loam, 
dark brown (7.5YR 414) moist; weak fine granular 
structure; soft, very friable, slightly sticky and slightly 
plastic; many fine roots; many fine pores; 
noncalcareous; strongly alkaline (pH 8.6); abrupt 
smooth boundary. 

A2-5 to 8 inches; pinkish gray (7.5YR 7 12) sandy clay 
loam, dark brown (7.5YR 412) moist; strong medium 
subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; many fine 
roots; many fine vesicular pores; noncalcareous; 
strongly alkaline (pH 8.6); abrupt smooth boundary. 

A&B-8 to 10 inches; pinkish gray (7.5YR 7 12) clay 
loam, brown (7.5YR 512) moist; strong medium 
subangular blocky structure; slightly hard, friable, 
sticky and plastic; many fine roots; many fine tubular 
pores; noncalcareous; strongly alkaline (pH 8.6); 
abrupt smooth boundary. 

B21t-10 to 13 inches; brown (7.5YR 514) clay, dark 
brown (7.5YR 414) moist; weak moderate prismatic 
structure parting to strong fine angular blocky; hard, 
friable, sticky and plastic; many fine roots; many fine 
tubular pores; strongly calcareous; strongly alkaline 
(pH 8.8); clear smooth boundary. 

B22t-13 to 19 inches; light brown (7.5YR 61 4) clay 
loam, dark brown (7.5YR 414) moist; weak moderate 
prismatic structure parting to moderate fine angular 
blocky; slightly hard, friable, sticky and plastic; many 
fine roots; many fine tubular pores; strongly 
calcareous; strongly alkaline (pH 8.8); clear smooth 
boundary. 

B3tca-19 to 26 inches; pink (7.5YR 7 I 4) clay loam, 
brown (7.5YR 514) moist; strong fine subangular 
blocky structure; slightly hard, friable, sticky and 
plastic; few fine roots; many fine tubular pores; 
strongly calcareous; strongly alkaline (pH 8.6); clear 
smooth boundary. 

C1ca-26 to 32 inches; light brown (7.5YR 614) clay 
loam, brown (7.5YR 514) moist; weak fine 
subangular blocky structure; hard, friable, sticky and 
plastic; few fine roots; many fine tubular pores; 
violently calcareous; strongly alkaline (pH 8.6); clear 
smopth boundary. 

C2ca-32 to 51 inches; pinkish white (7.5YR 812) sandy 
clay, brown (7.5YR 512) moist; massive; slightly 
hard, friable, sticky and plastic; few fine roots; many 
fine tub.ular pores: violently calcareous: strongly 
alkaline (pH 8.6); clear smooth boundary. 

Soil survey 

C3ca-51 to 62 inches: pinkish gray (7.5YR 612) sandy 
clay loam, brown (7.5YR 514) moist: massive; 
slightly hard, very friable, sticky and plastic; many 
fine tubular pores; violently calcareous: strongly 
alkaline (pH 8.6). 

The A horizon, where present, has hue of 7.5YR or 
1 OYR, value of 6 or 7 when dry and 4 or 5 when moist, 
and chroma of 2 or 3. 

The B horizon has hue of 5YR to 10YR, value of 4 to 
7 when dry and 4 or 5 when moist, and chroma of 2 to 
4. It is clay, silty clay, clay loam, silty clay loam, sandy 
clay loam, or sandy clay. 

The Hondale soils are subject to rare, very brief 
periods of flooding during July through September. 

Jonale series 

The soils in the Jonale series are classified as Aridic 
Calciustolls, fine-loamy, mixed, mesic. These deep, well 
drained soils formed in old alluvium derived mainly from 
conglomerate. They are on hills. Slope is 15 to 35 
percent. Elevation is 5,500 to 6,500 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 51 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of Jonale sandy clay loam, 15 to 35 
percent slopes; about 8 miles west of Silver City; 
NE114NW114SE114 of sec. 11, T. 18 S., R. 15 W. 

A 11-0 to 5 inches: dar~ grayish brown (1 OYR 412) 
sandy clay loam, very dark grayish brown (1 OYR 
312) moist: moderate fine granular structure: soft, 
very friable, slightly sticky and slightly plastic; 
common very fine and fine roots; few very fine 
interstitial pores; slightly calcareous: moderately 
alkaline (pH 8.0): clear smooth boundary. 

A 12-5 to 10 inches: dark grayish brown (1 OYR 412) 
sandy clay loam, very dark grayish brown (1 OYR 
312) moist; weak medium subangular blocky 
structure; slightly hard, very friable, slightly sticky 
and slightly plastic; common very fine and fine roots; 
common very fine interstitial pores; moderately 
calcareous; moderately alkaline (pH 8.2); clear 
smooth boundary. 

C1ca-10 to 16 inches; grayish brown (10YR 512) sandy 
clay loam, very dark grayish brown (1 OYR 312) 
moist; weak medium subangular blocky structure; 
slightly hard, very friable, slightly sticky and slightly 
plastic; few very fine roots; few very fine interstitial 
pores; 1 0 percent gravel; moderately calcareous; 
moderately alkaline (pH 8.4); abrupt smooth 
boundary. 
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C2ca-16 to 60 inches; pale brown (10YR 613) sandy 
clay loam, brown (1 OYR 513) moist; massive; hard, 
friable, slightly sticky and slightly plastic; few very 
fine interstitial pores; strongly calcareous; 
moderately alkaline (pH 8.4). 

The depth to caliche is 7 to 20 inches, and the depth 
to conglomerate or shale is 40 inches or more. The 
profile is sandy clay loam, loam, silt loam, or clay loam. 

The A horizon has hue of 7.5YR or 10YR, value of 3 
to 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. 

The C ho"rizon has hue of 7.5YR or 1 OYR, value of 4 
to 7 when dry and 3 to 6 when moist, and chroma of 2 
to 4. It is 15 to 40 percent calcium carbonate. 

Judd series 

The soils in the Judd series are classified as Typic 
Argiustolls, fine, mixed, mesic. These deep, well drained 
soils formed in residuum and old alluvium derived mainly 
from conglomerate. They are on plains and hills. Slope is 
2 to 15 percent. Elevation is 5,000 to 6,000 feet. The 
average annual precipitation is 15 inches. The average 
annual air temperature is 54 degrees F, and the frost
free season is 150 to 180 days. 

Typical pedon of a Judd loam in an area of Judd
Manzano association, 1 to 15 percent slopes; about 1 
mile south of Mule Creek; SE1 14SE1 14NE1 14 of sec. 6, 
T. 14 S., R. 20 W. 

A-0 to 2 inches; grayish brown (1 OYR 512) loam, very 
dark grayish brown (1 OYR 312) moist; moderate very 
fine granular structure; soft, very friable, nonsticky 
and nonplastic; common very fine roots; common 
fine pores; noncalcareous; neutral (pH 7.0); clear 
smooth boundary. 

821 t-2 to 8 inches; grayish brown (1 OYR 512) heavy 
clay loam, very dark grayish brown (1 OYR 312) 
moist; moderate fine subangular blocky structure; 
slightly hard, very friable, slightly sticky and slightly 
plastic; common very fine roots; few very fine 
tubular pores; few thin clay films on faces of peds 
and in pores; noncalcareous; neutral (pH 7.0); clear 
smooth boundary. · 

822t-8 to 18 inches; dark brown (1 OYR 313) clay, dark 
brown (1 OYR 313) moist; strong medium subangular 
blocky structure; very hard, friable, sticky and 
plastic; common fine 'roots; common very fine 
tubular pores; many moderately thick clay films on 
faces of peds and in pores; noncalcareous; mildly 
alkaline (pH 7.5); gradual smooth boundary. 

Cca-18 to 60 inches; light brown (7.5YR 61 4) loam, 
brown (7.5YR 514) moist; massive; slightly hard, 
very friable, slightly sticky and slightly plastic; few 
very fine roots; few very fine interstitial pores; 
strongly effervescent; strongly alkaline (pH 8.5). 
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Thickness of the solum and depth to the calcic horizon 
range from 13 to 25 inches. The mean annual soil 
temperature ranges from 49 to 59 degrees F. 

The A horizon has value of 4 or 5 when dry and 3 or 4 
when moist, and it has chroma of 1 to 3 when dry and 1 
or 2 when moist. 

The 8 horizon has hue of 7.5YR or 1 OYR, value of 3 
to 5 when dry, and chroma of 1 to 4 when dry or moist. 
It is clay loam or clay. 

The Cca horizon has value of 5 to 7 when dry, and it 
has chroma of 2 or 4 when dry or moist. It is loam, 
sandy clay loam, or clay loam. This horizon is more than 
15 percent carbonates. It is as much as 35 percent 
gravel. 

Lehmans series 

The soils in the Lehmans series are classified as Lithic 
Haplargids, clayey, montmorillonitic, thermic. These 
shallow, well drained soils formed in residuum derived 
mainly from acid igneous rock. They are on hills. Slope is 
5 to 15 percent. Elevation is 4,000 to 5,500 feet. The 
average annual precipitation is 1 0 inches. The average 
annual air temperature is 60 degrees F, and the frost
free season is 180 to 220 days. 

Typical pedon of a Lehmans gravelly sandy clay loam 
in an area of Tres Hermanos-Lehmans association, 1 to 
15 percent slopes; about 14 miles northwest of Redrock; 
SW1 I 4SW1 I 4 of sec. 20, T. 17 S., R. 21 W. 

A1-0 to 3 inches; strong brown (7.5YR 516) gravelly 
sandy clay loam, brown (7.5YR 412) moist; weak 
fine granular structure; soft, very friable, slightly 
sticky and slightly plastic; many fine roots; many 
very fine interstitial pores; 20 percent gravel; 
noncalcareous; mildly alkaline (pH 7.8); abrupt 
smooth boundary. 

821t-3 to 11 inches; reddish brown (5YR 414) clay, 
dark reddish brown (5YR 314) moist; strong medium 
angular blocky structure; very hard, friable, very 
sticky and very plastic; common fine roots; common 
fine tubular pores; noncalcareous; mildly alkaline (pH 
7.8); clear smooth boundary. 

822t-11 to 17 inches; reddish brown (2.5YR 414) clay, 
dark reddish brown (2.5YR 314) moist; strong 
medium angular blocky structure; very hard, friable, 
very sticky and very plastic; common fine roots; 
many very fine tubular pores; mildly alkaline (pH 
7.8); clear wavy boundary. 

R-17 inches; rhyolite. 

Depth to bedrock is 1 0 to 20 inches. 
The A horizon has hue of 5YR or 7.5YR, value of 4 or 

5 when dry, and chroma of 2 to 6. 
The 8 horizon has hue of 5YR or 2.5YR, value of 4 or 

5 when dry and 3 or 4 when moist, and chroma of 3 to 
6. 
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Lithic Haplargids 

Lithic Haplargids are shallow, well drained soils that 
formed in colluvium and residuum derived from 
sedimentary and igneous rock. They are on toe slopes, 
hills, and mountains. Slope is 5 to 75 percent. Elevation 
is 4,000 to 5,500 feet. The average annual precipitation 
is 1 0 inches. The average annual air temperature is 60 
degrees F, and the frost-free season is 180 to 220 days. 

Reference pedon of Lithic Haplargids in an area of 
Lehmans-Lithic Haplargids complex, 5 to 15 percent 
slopes; about 21 miles south of Tyrone; 
SW1 I 4NE1 I 4NE1 I 4 of sec. 19, T. 22 S., R. 15 W. 

A-0 to 2 inches; brown (7.5YR 514) sandy loam, dark 
brown (7.5YR 414) moist; weak fine granular 
structure; soft, very friable, nonsticky and nonplastic; 
many fine roots; many fine interstitial pores; 
noncalcareous; neutral (pH 6.6); abrupt smooth 
boundary. 

B2t-2 to 11 inches; dark brown (7.5YR 414) sandy clay 
loam, dark brown (7.5YR 314) moist; strong medium 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; common very fine 
roots; many fine tubular pores; noncalcareous; 
neutral (pH 7.0); abrupt smooth boundary. 

R-11 inches; igneous rock. 

These soils are extremely variable in characteristics. 
The depth to bedrock ranges from 5 to 20 inches. The 
profile is 1 0 to 35 percent clay and 0 to 45 percent rock 
fragments. These soils are noncalcareous to strongly 
calcareous and are neutral to strongly alkaline. 

Lithic Ustorthents 

Lithic Ustorthents are shallow, well drained soils that 
formed in colluvium and residuum derived mainly from 
acid igneous rock. They are on hills and mountains. 
Slope is 15 to 65 percent. Elevation is 5,500 to 7,000 
feet. The average annual precipitation is 14 inches. The 
average annual air temperature is 54 degrees F, and the 
frost-free season is 150 to 180 days. 

Reference pedon of Lithic Ustorthents in an area of 
Rock outcrop-Lithic Ustorthents complex, 15 to 65 
percent slopes; about 6 miles east of Mule Creek; 
NE1 I 4NE1 I 4SW1 I 4 of sec. 12, T. 14 S., R. 20 W. 

A-0 to 2 inches; brown (1 OYR 513) loam, very dark 
grayish brown (1 OYR 312) moist; weak very fine 
granular structure; soft, very friable, slightly sticky 
and slightly plastic; common very fine roots; 
common fine interstitial pores; noncalcareous; 
neutral (pH 7.2); abrupt smooth boundary. 

Soil survey 

C-2 to 7 inches; yellowish brown (10YR 514) gravelly 
loam, dark brown (1 OYR 413) moist; massive; soft, 
very friable, slightly sticky and slightly plastic; 
common very fine and few fine roots; few fine 
interstitial pores; 20 percent gravel; noncalcareous; 
mildly alkaline (pH 7.4); abrupt smooth boundary. 

R-7 inches; acid igneous rock. 

These soils are extremely variable in characteristics. 
The depth to bedrock ranges from 5 to 20 inches. 

Lonti series 

The soils in the Lonti series are classified as Ustollic 
Haplargids, fine, mixed, mesic. These deep, well drained 
soils formed in old alluvium derived from conglomerate. 
They are on hills and pediments. Slope is 0 to 35 
percent. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of Lonti gravelly loam, 15 to 35 percent 
slopes; about 0.4 mile north and 0.4 mile east of the 
southwest corner of sec. 23, T. 18 S., R. 14 W. 

A1-0 to 4 inches; brown (7.5YR 414) gravelly loam, 
dark brown (1 OYR 313) moist; moderate fine 
granular structure; soft, very friable, slightly sticky 
and slightly plastic; common fine roots; many fine 
vesicular pores; 15 percent gravel; noncalcareous; 
neutral (pH 6.7); clear smooth boundary. 

B21t-4 to 17 inches; brown (7.5YR 414) gravelly clay, 
brown (7.5YR 414) moist; strong fine subangular 
blocky structure; hard, friable, sticky and plastic; 
common fine roots; few fine pores; thin continuous 
clay films on faces of peds; 15 percent gravel; 
noncalcareous; neutral (pH 7.2); gradual smooth 
boundary. 

B22t-17 to 23 inches; reddish brown (5YR 51 4) gravelly 
heavy clay loam, reddish brown (5YR 414) moist; 
moderate medium subangular blocky structure; hard, 
friable, sticky and plastic; few fine roots; few fine 
pores; many thin clay films on faces of peds; 20 
percent gravel; noncalcareous; neutral (pH 7.2); 
clear smooth boundary. 

C1ca-23 to 42 inches; reddish yellow (7.5YR 616) 
gravelly sandy clay loam, light brown (7.5YR 614) 
moist; weak coarse subangular blocky structure; 
hard, friable, slightly sticky and slightly plastic; few 
fine roots; common fine pores; 35 percent gravel; 
few soft lime masses; slightly calcareous; 
moderately alkaline (pH 8.0); gradual smooth 
boundary. 



Grant County, New Mexico, Central and Southern Parts 

C2-42 to 60 inches; reddish yellow (7.5VR 616) gravelly 
clay loam, light brown (7.5VR 614) moist; massive; 
hard, friable, slightly sticky and slightly plastic; 
common fine pores; 35 percent gravel; 
noncalcareous; moderately alkaline (pH 8.0). 

The A horizon has hue of 7.5VR or 1 OVA, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 2 
to 4. It is gravelly loam, gravelly sandy clay loam, or 
gravelly clay loam. The horizon is slightly acid to 
moderately alkaline. 

The 8 horizon has hue of 5VR or 7.5VR, value of 4 to 
6 when dry and 3 to 5 when moist, and chroma of 3 to 
6. It is gravelly clay loam, gravelly sandy clay, gravelly 
clay, clay, or heavy clay loam. The upper 20 inches of 
the 8 horizon averages more than 35 percent clay. The 
horizon commonly is noncalcareous, but in some pedons 
it is calcareous in the lower part. It is neutral to 
moderately alkaline. 

The C horizon has hue of 5VR or 7.5VR, value of 5 to 
8 when dry and 4 to 7 when moist, and chroma of 4 to 
6. It is gravelly clay loam, gravelly sandy clay loam, or 
gravelly sandy loam. 

Luzena series 
The soils in the Luzena series are classified as Lithic 

Argiustolls, clayey, montmorillonitic, mesic. These 
shallow, well drained soils formed in colluvium and 
residuum derived from andesite and rhyolite. They are on 
hills. Slope is 5 to 60 percent. Elevation is 5,500 to 
7,000 feet. The average annual precipitation is 14 
inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of a Luzena gravelly clay loam in an 
area of Rock outcrop-Luzena association, 25 to 60 
percent slopes; about 20 miles southwest of Mule Creek; 
NE1 I 4NW1 I 4SE1 I 4 of sec. 19, T. 16 S., A. 21 W. 

A1-0 to 3 inches; brown (7.5VR 412) gravelly clay loam, 
dark brown (7.5VR 312) moist; weak fine granular 
structure; soft, very friable, slightly sticky and slightly 
plastic; common fine roots; many fine interstitial 
pores; 20 percent gravel; noncalcareous; neutral (pH 
7.2); abrupt smooth boundary. 

821t-3 to 6 inches; brown (7.5VR 412) gravelly clay 
loam, dark brown (7.5VR 312) moist; moderate 
medium angular blocky structure; soft, friable, 
slightly sticky and plastic; commom fine roots; 
common fine tubular and interstitial pores; 
noncalcareous; mildly alkaline (pH 7.4); clear 
smooth boundary. 

822t-6 to 10 inches; brown (7.5VR 512) clay, brown 
(7.5VR 412) moist; moderate medium subangular 
blocky structure; soft, friable, sticky and plastic; 
common fine roots; common fine tubular and 
interstitial pores; noncalcareous; mildly alkaline (pH 
7.4); abrupt smooth boundary. 
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R-1 0 inches; andesite. 

The depth to bedrock is 7 to 20 inches. 
The A horizon has hue of 7.5VR or 1 OVA, value of 3 

or 4 when dry, and chroma of 2 or 3. It is gravelly clay 
loam, gravelly loam, cobbly loam, or very gravelly sandy 
clay loam. 

The 8 horizon has hue of 5VR or 7.5VR, value of 4 or 
5 when dry and 3 or 4 when moist, and chroma of 2 or 
3. 

Majada Variant 

The Majada Variant soils are classified as Aridic 
Argiustolls, loamy-skeletal, mixed, mesic. These deep, 
well drained soils formed in alluvium derived from mixed 
sources. They are on terrace remnants and ridges. Slope 
is 1 to 15 percent. Elevation is 5,500 to 7,000 feet. The 
average annual precipitation is 15 inches. The average 
annual air temperature is 52 degrees F, and the frost
free season is 150 to 180 days. 

Typical pedon of a Majada Variant cobbly loam in an 
area of Sanloren-Majada Variant complex, 1 to 15 
percent slopes; about 11 miles.northeast of San 
Lorenzo; NE114 of sec. 10, T. 16 S., A. 11 W. 

A 11-0 to 2 inches; brown (1 OVA 513) cobbly loam, very 
dark grayish brown (1 OVA 312) moist; moderate very 
fine granular structure; soft, very friable, slightly 
sticky and slightly plastic; many very fine and fine 
roots; many very fine and fine interstitial pores; 15 
percent cobbles; neutral (pH 7.0); clear wavy 
boundary. 

A 12-2 to 11 inches; brown (1 OVA 513) cobbly loam, 
very dark grayish brown (1 OVA 312) moist; weak 
medium subangular blocky structure; soft, very 
friable, slightly sticky and slightly plastic; many very 
fine and fine roots; many ver'f fine and fine tubular 
pores; 25 percent cobbles; neutral (pH 7.0); clear 
wavy boundary. 

82t-11 to 60 inches; brown (7.5VR 514) very cobbly 
heavy loam, dark brown (7.5VR 414) moist; weak 
coarse subangular blocky structure; soft, very friable, 
slightly sticky and slightly plastic; common very fine 
and fine roots; common very fine and fine tubular 
pores; 45 percent cobbles; neutral (pH 7.2). 

The thickness of the solum is 40 inches or more. 
The A horizon has hue of 7.5VR or 10VR, value of 4 

or 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. 

The 8 horizon has hue of 7.5VR or 1 OVA, value of 4 
to 6 when dry and 3 to 5 when moist, and chroma of 3 
or 4. It is very cobbly loam or very cobbly clay loam. The 
horizon is 25 to 55 percent cobbles and 5 to 25 percent 
gravel. 
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Manzano series 

The soils in the Manzano series are classified as 
Cumulic Haplustolls, fine-loamy, mixed, mesic. These 
deep, well drained soils formed in alluvium derived from 
mixed sources. They are on flood plains, along 
intermittent streams, in depressional areas, in valleys, 
and on alluvial fans and terraces. Slope is 0 to 5 
percent. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of Manzano loam, 1 to 3 percent 
slopes; about 1 mile north of Central; 
NE1/4SW1/4SW1/4 of sec. 25, T. 17 S., R. 13 W. 

A 1-0 to 3 inches; brown (1 OYR 4/3) loam, very dark 
brown (1 OYR 2/2) moist; weak fine granular 
structure; slightly hard, friable, slightly sticky and 
slightly plastic; few fine roots; few fine interstitial 
pores; noncalcareous; moderately alkaline (pH 8.0); 
clear smooth boundary. 

82-3 to 26 inches; brown (1 OYR 4/3) clay loam, very 
dark brown (1 OYR 2/2) moist; moderate fine 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; few fine roots; 
many fine interstitial and tubular pores; . 
noncalcareous; moderately alkaline (pH 8.0); clear 
smooth boundary. 

C1ca-26 to 36 inches; brown (7.5YR 5/4) clay loam, 
dark brown (7.5YR 3/2) moist; weak medium and 
coarse subangular blocky structure; hard, friable, 
slightly sticky and slightly plastic; few fine roots; few 
fine tubular pores; slightly calcareous; moderately 
alkaline (pH 8.4); gradual smooth boundary. 

C2-36 to 60 inches; brown (7.5YR 5/4) clay loam, dark 
brown (7.5YR 3/2) moist; massive; hard, friable, 
slightly sticky and slightly plastic; many fine and few 
medium interstitial pores; noncalcareous; moperately 
alkaline (pH 8.4). 

The profile is loam, gravelly loam, or clay loam. It is 
neutral to moderately alkaline. The profile, to a depth of 
20 inches, has hue of 7.5YR or 10YR, value of 3 to 5 
when dry and 2 or 3 when moist, a'nd chroma of 1 to 3. 
Below a depth of 20 inches, it has hue of 7.5YR or 
1 OYR, value of 4 to 6 when dry and 3 or 4 when moist, 
and chroma of 2 to 4. 

Some areas of the Manzano soils are subject to rare, 
very brief periods of flooding during July through 
September. 

Mimbres series 

The soils in the Mimbres series are classified as Typic 
Camborthids, fine-silty, mixed, thermic. These deep, well 

Soil survey 

drained soils formed in silty alluvium derived from mixed 
sources. They are along intermittent streams, in playas, 
and on flood plains. Slope is o to 1 percent. Elevation is 
4,000 to 5,500 feet. The average annual precipitation is 
1 0 inches. The average annual air temperature is 60 
degrees F, and the frost-free season is 180 to 220 days. 

Typical pedon of a Mimbres silty clay loam in an area 
of Stellar-Verhalen-Mimbres association, 0 to 2 percent 
slopes; about 20 miles northwest of Hachita; 
NE1/4NE1/4SW1/4 of sec. 22, T, 24 S., R. 16 W. 

A1-0 to 6 inches; brown (7.5YR 5/4) silty clay loam, 
brown (7.5YR 4/2) moist; moderate thin platy 
structure; slightly hard, very friable, slightly sticky 
and plastic; noncalcareous; mildly alkaline (pH 7.4); 
gradual smooth boundary. 

82-6 to 23 inches; reddish brown (5YR 5/4) silty clay 
loam, reddish brown (5YR 4/3) moist; moderate 
medium subangular blocky structure; slightly hard, 
friable, sticky. and plastic; common fine roots; 
common fine and very fine tubular pores; 
noncalcareous; mildly alkaline (pH 7.8); gradual 
smooth boundary. 

C1ca-23 to 60 inches; reddish brown (5YR 5/4) silty 
clay loam, reddish brown (5YR 4/3) moist; weak 
medium subangular blocky structure; hard, friable, 
sticky and plastic; few fine roots; few fine tubular 
pores; slightly calcareous; moderately alkaline (pH 
8.0). 

The solum is 15 to 40 inches thick. 
The A horizon has hue of 7.5YR or 10YR, value of 4 

to 6 when dry and 3 to 5 when moist, and chroma of 2 
to 4. It is loam or silty clay loam. 

The 8 and C horizons have hue of 5YR or 7.5YR, 
value of 4 to 7 when dry and 3 to 6 ·when moist, and 
chroma of 2 to 4. 

The Mimbres soils are subject to rare to frequent, very 
brief periods of flooding during July through September. 

Mohave series 

The soils in the Mohave series are classified as Typic 
Haplargids, fine-loamy, mixed, thermic. These deep, well 
drained soils formed in alluvium derived from mixed 
sources. They are on alluvial plains and fans. Slope is 1 
to 5 percent. Elevation is 4,000 to 5,500 feet. The 
average annual precipitation is 1 0 inches. The average 
annual air temperature is 60 degrees F, and the frost
free season is 180 to 220 days. 

Typical pedon of a Mohave sandy clay loam in an area 
of Stellar-Mohave association, 0 to 5 percent slopes; 
about 0.1 mile west and 0.8 mile north of the southeast 
corner of sec. 34, T. 24 S., R. 15 W. 
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A 1-0 to 3 inches; pale brown (1 OYA 6/3) sandy clay 
loam, brown (1 OYA 3/3) moist; weak medium 
granular structure; soft, very friable, slightly sticky 
and slightly plastic; common fine and very fine roots; 
many fine and very fine vesicular pores; 
noncalcareous; neutral (pH 6.6); clear smooth 
boundary. 

821t-3 to 7 inches; brown (7.5YR 5/4) clay loam, 
brown (7.5YR 4/4) moist; moderate coarse 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; common fine and very fine 
roots; common very fine pores; thin patchy clay 
films; noncalcareous; mildly alkaline (pH 7.6); 
gradual smooth boundary. 

B22t-7 to 10 inches; brown (5YR 5/4) sandy clay loam, 
brown (5YR 4/4) moist; moderate coarse subangular 
blocky structure; hard, friable, slightly sticky and 
slightly plastic; common fine and very fine roots; few 
very fine pores; many thin clay films; slightly 
calcareous; mildly alkaline (pH 7.8); gradual smooth 
boundary. 

823tca-10 to 19 inches; brown (7.5YR 5/4) sandy clay 
loam, brown (7.5YR 4/4) moist; moderate coarse 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; few fine and very fine 
roots; few very fine pores; many thin clay films; 
common thin lime mycelia; moderately calcareous; 
moderately alkaline (pH 8.4); clear smooth 
boundary. 

824tca-19 to 39 inches; light brown (7.5YR 6/4) clay 
loam, brown (7.5YR 5/4) moist; weak coarse 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; few fine and very fine 
roots; few medium and fine pores; thin patchy clay 
films; common medium soft lime masses; strongly 
calcareous; strongly alkaline (pH 8.8); clear smooth 
boundary. 

C1-39 to 54 inches; light brown (7.5YR 6/4) sandy 
loam; brown (7.5YR 5/4) moist; massive; hard, 
friable, slightly sticky and nonplastic; few very fine 
roots; common fine and very fine pores; slightly 
calcareous; mildly alkaline (pH 7.8); clear smooth 
boundary. 

11821tb-54 to 72 inches; light brown (7.5YR 6/4) sandy 
clay loam, brown (7.5YR 5/4) moist; weak medium 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; common fine and very fine 
pores; few thin clay films; few medium soft lime 
masses; slightly calcareous; moderately alkaline (pH 
8.2). 

The A horizon has hue of 7.5YR or 1 OYA, value of 5 
to 7 when dry and 3 to 5 when moist, and chroma of 2 
to 6. 

The B and C horizons have hue of 7.5YR or 5YR, 
value of 5 or 6 when dry and 3 to 5 when moist, and 

chroma of 3 to 6. They are loam, sandy clay loam, or 
clay loam. 

Muzzler series 
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The soils in the Muzzler series are classified as Lithic 
Argiustolls, clayey-skeletal, mixed, mesic. These shallow, 
well drained soils formed in residuum derived mainly 
from acid igneous rock. They are on mountains and hills. 
Slope is 5 to 65 percent. Elevation is 5,000 to 7,500 feet. 
The average annual precipitation is 14 inches. The 
average annual air temperature is 54 degrees F, and the 
frost-free season is 150 to 180 days. 

Typical pedon of a Muzzler cobbly sandy loam in an 
area of Muzzler-Rock outcrop association, 25 to 45 
percent slopes; about 6 miles east of Bayard; 
NW1/4NE1/4 of sec. 7, T. 18 S., A. 11 W. 

A 1-0 to 2 inches; dark grayish brown (1 OYR 4/2) 
cobbly sandy loam, very dark grayish brown (1 OYA 
3/2) moist; weak fine granular structure; soft, very 
friable, slightly sticky and slightly plastic; common 
very fine roots; many very fine interstitial por.es; 30 
percent cobbles; noncalcareous; neutral (pH 6.8); 
clear smooth boundary. 

821 t-2 to 8 inches; very dark grayish brown (1 OYR 3/2) 
very cobbly clay, very dark gray (1 OYR 3/1) moist; 
strong coarse subangular blocky structure; slightly 
hard, friable, sticky and plastic; common. very fine 
roots; common very fine tubular pores; thin patchy 
clay films on faces of peds; 40 percent cobbles; 
noncalcareous; neutral (pH 7.0); clear wavy 
boundary. 

B22t-8 to 19 inches; dark brown (7.5YR 3/2) very 
cobbly clay, dark reddish brown (7.5YR 3/2) moist; 
strong coarse subangular blocky structure; hard, 
firm, sticky and plastic; common very fine roots; few 
very .fine tubular pores; 50 percent cobbles; neutral 
(pH 6.8); gradual irregular boundary. 

R-19 inches; slightly fractured acid igneous bedrock 
that has some clay flows in fractures. 

The thickness of the solum and depth to bedrock 
range from 7 to 20 inches. 

The A horizon has hue of 7.5YR or 1 OYR, value of 2 
or 3 when moist and 3 or 4 when dry, and chroma of 2 
or 3. It is cobbly sandy loam, cobbly loam, or very cobbly 
clay loam. 

The 8 horizon has hue of 7.5YR or 1 OYA, value of 3 
or 4, and chroma of 1 to 3. It is very cobbly clay loam or 
very cobbly clay and is 40 to 80 percent coarse 
fragments. 

Nickel series 

The soils in the Nickel series are classified as Typic 
Calciorthids, loamy-skeletal, mixed, thermic. These deep, 
well drained soils formed in calcareous alluvium derived 
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from mixed sources. They are on alluvial fans, side 
slopes, and piedmonts. Slope is 2 to 15 percent. 
Elevation is 4,000 to 5,500 feet. The average annual 
precipitation is 1 0 inches. The average annual air 
temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of a Nickel gravelly sandy loam in an 
area of Nickel-Upton association, 2 to 15 percent slopes; 
about 4 miles southwest of .Hachita; NW1 /4SE1 /4NE1 /4 
of sec. 17, T. 28 S., A. 15 W. 

A 1-0 to 6 inches; brown (1 OYR 5/3) gravelly sandy 
loam, brown (1 OYR 4/3) moist; weak fine granular 
structure; soft, very friable, nonsticky and nonplastic; 
many very fine roots; many fine interstitial pores; 20 
percent gravel; slightly calcareous; moderately 
alkaline (pH 8.2); abrupt smooth boundary. 

82-6 to 14 inches; brown (7.5YR 5/4) gravelly sandy 
loam, brown (7.5YR 4/2) moist; weak medium 
subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; common 
medium and fine roots; common fine tubular pores; 
15 percent gravel; moderately calcareous; 
moderately alkaline (pH 8.2); clear smooth 
boundary. 

B3ca-14 to 19 inches; brown (7.5YR 5/4) very gravelly 
sandy loam, brown (7.5YR 5/4) moist; weak medium 
subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; few fine 
roots; many fine interstitial pores; 35 percent gravel; 
few carbonate nodules; strongly calcareous; 
moderately alkaline (pH 8.0); clear smooth 
boundary. 

C1 ca-19 to 35 inches; light brown (7.5YR 6/ 4) very 
gravelly silt loam, brown (7.5YR 5/4) moist; massive; 
hard, friable, slightly sticky and slightly plastic; few 
fine roots; few fine tubular pores; 45 percent gravel; 
common carbonate nodules and coatings on peds 
and gravel; strongly calcareous; moderately alkaline 
(pH 8.0); gradual smooth boundary. 

C2ca-35 to 37 inches; light brown (7.5YR 6/4) very 
gravelly loamy sand, brown (7.5YR 5/4) moist; 
massive; very hard, friable, nonsticky and nonplastic; 
80 percent gravel; weakly cemented with 
carbonates; strongly calcareous; moderately alkaline 
(pH 8.0); abrupt smooth boundary. 

C3ca-37 to 44 inches; light brown (7.5YR 6/4) ver1 
gravelly loamy sand, brown (7.5YR 5/ 4) moist; 
massive; slightly hard, very friable, nonsticky and 
nonplastic; 50 percent gravel; strongly calcareous; 
moderately alkaline (pH 8.0); clear smooth 
boundary. 

C4ca-44 to 60 inches; reddish yellow (7.5YR 6/6) 
gravelly fine sandy loam, brown (7.5YR 5/4) moist; 
massive; hard, very friable, nonsticky and 
nonplastic; moderately calcareous; moderately 
alkaline (pH 8.2). 

Soil survey 

The solum is more than 35 percent coarse fragments. 
Depth to a dense layer of calcium carbonate 
accumulation is 1 0 to 25 inches. The profile has hue of 
1 OYR or 7.5YR, value of 4 to 6 when moist and 5 to 7 
when dry, and chroma of 2 to 4. 

Oro Grande series 

The soils in the Oro Grande series are classified as 
Lithic Haplustolls, loamy-skeletal, mixed, mesic. These 
shallow, well drained soils formed in residuum derived 
mainly from dolomitic limestone. They are on mountains 
and hills. Slope is 5 to 75 percent. Elevation is 5,000 to 
7,000 feet. The average annual precipitation is 14 
inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of an Oro Grande very cobbly loam in 
an area of Oro Grande-Rock outcrop complex, 5 to 15 
percent slopes; about 0.9 mile west and 0.4 mile south 
of the northwest corner of sec. 32, T. 17 S., A. 13 W. 

A 1-0 to 9 inches; dark grayish brown (1 OYR 4/2) very 
cobbly loam, very dark grayish brown (1 OYR 3/2) 
moist; strong fine granular structure; soft, friable, 
slightly sticky and slightly plastic; many fine roots 
and few medium roots; many fine and very fine 
interstitial pores; 1 0 percent gravel and 50 percent 
cobbles; mildly alkaline (pH 7.5); gradual wavy 
boundary. 

C1-9 to 13 inches; dark brown (7 .5YR 4/3) very cobbly 
loam, dark brown (7.5YR 3/3) moist; weak fine 
granular structure; slightly .hard, friable, slightly sticky 
and slightly plastic; many fine roots and few medium 
roots; few fine and very fine interstitial pores; 1 0 
percent gravel and 45 percent cobbles; slightly 
calcareous; moderately alkaline (pH 8.0); abrupt 
irregular boundary. 

R-13 inches; fractured hard dolomitic limestone. 

Depth to bedrock is 4 to 20 inches. The profile is 35 to 
80 percent rock fragments, dominantly gravel and 
cobbles. 

The A horizon has hue of 7.5YR or 1 OYR, value of 3 
to 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. 

The C horizon has hue of 7.5YR or 1 OYR, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 3 
or 4. 

Orthents 

The Orthents are shallow to deep soils that formed in 
old alluvium derived from conglomerate. They are on 
eroded breaks and ridges. Slope is 25 to 60 percent. 
Elevation is 4,000 to 7,000 feet. The average annual 
precipitation is 12 inches. The average annual air 
temperature is 57 degrees F, and the frost-free season 
is 150 to 220 days. 
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Reference pedon of Orthents, 25 to 60 percent 
slopes; about 1 mile south of Silver City; 
SW1/4NE1/4SW1/4 of sec. 11, T. 18 S., R. 14 W. 

A-0 to 3 inches; grayish brown (1 OYR 5/2) gravelly 
sandy loam, very dark grayish brown (1 OYR 3/2) 
moist; strong fine granular structure; soft, very 
friable, slightly sticky and slightly plastic; many very 
fine and fine roots; many very fine interstitial pores; 
20 percent gravel; strongly calcareous; moderately 
alkaline (pH 8.2); clear smooth bounctary. 

C1 ca-3 to 11 inches; light brownish gray (1 OYR 6/2) 
gravelly sandy loam, brown (1 OYR 4/3) moist; 
strong fine granular structure; soft, very friable, 
slightly sticky and nonplastic; common very fine and 
fine roots; many very fine interstitial pores; 25 
percent gravel; very strongly calcareous; moderately 
alkaline (pH 8.4); clear smooth boundary. 

C2ca-11 to 50 inches; pale brown (1 OYR 6/3) sandy 
loam, brown (1 OYR 5/3) moist; massive; slightly 
hard, friable, nonsticky and nonplastic; few fine and 
very fine roots; few fine interstitial pores; 1 0 percent 
gravel; very strongly calcareous; moderately alkaline 
(pH 8.4); abrupt wavy boundary. 

Cr-50 inches; moderately cemented conglomerate. 

Depth to bedrock ranges from less than 20 inches to 
more than 60 inches. These soils are extremely variable 
in characteristics. They range from very shallow to deep. 
The profile is 1 0 to 30 percent clay and 0 to 50 percent 
rock fragments, mostly gravel. These soils are 
calcareous and are moderately alkaline or strongly 
alkaline. 

Paymaster series 

The soils in the Paymaster series are classified as 
Cumulic Haplustolls, coarse-loamy, mixed, mesic. These 
deep, well drained soils formed in alluvium derived from 
mixed sources. They are on foot slopes, terraces, flood 
plains, and alluvial fans. Slope is 0 to 15 percent. 
Elevation is 5,000 to 7,000 feet. The average annual 
precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of a Paymaster fine sandy loam in an 
area of Paymaster-Ellicott complex, 1 to 3 percent 
slopes; about 9 miles northeast of Santa Rita; 
SE1 /4NW1 /4 of sec. 17, T. 16 S., R. 11 W. 

A 11-0 to 5 inches; grayish brown (1 OYR 5/2) fine 
sandy loam, very dark grayish brown (1 OYR 3/2) 
moist; moderate fine granular structure; soft, very 
friable, slightly sticky and slightly plastic; many fine 
and medium roots; many very fine interstitial pores; 
mildly alkaline (pH 7.6); clear smooth boundary. 

A 12-5 to 10 inches; grayish brown (1 OYR 5/2) fine 
sandy loam, very dark grayish brown (1 OYR 3/2) 
moist; moderate fine granular structure; soft, very 
friable, slightly sticky and slightly plastic; common 
fine and medium roots; many very fine interstitial 
pores; mildly alkaline (pH 7.6); clear smooth 
boundary. 
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C1-10 to 29 inches; dark grayish brown (10YR 4/2) 
very fine sandy loam, very dark grayish brown (1 OYR 
3/2) moist; massive; soft, very friable, nonsticky and 
nonplastic; common very fine and fine roots; many 
very fine interstitial pores; mildly alkaline (pH 7.6); 
clear smooth boundary. 

C2-29 to 55 inches; dark grayish brown (1 OYR 4/2) fine 
sandy loam, very dark grayish brown (1 OYR 3/2) 
moist; massive; soft, very friable, nonsticky and 
nonplastic; common very fine and fine roots; many 
very fine interstitial pores; mildly alkaline (pH 7.6); 
abrupt smooth boundary. 

C3-55 to 60 inches; dark brown (1 OYR 5/2) extremely 
gravelly loamy sand, very dark grayish brown (1 OYR 
3/2) moist; single grained; loose; 80 percent gravel 
and cobbles; common fine interstitial pores; 
moderately alkaline (pH 8.0). 

The profile averages less than 18 percent clay. The 
upper 20 to 40 inches has hue of 7 .5YR ·or 1 OYR, value 
of 2 or 3 when moist and 4 or 5 when dry, and chroma 
of 2 or 3. Gravel content, to a depth of 40 inches, is as 
much as 5 percent. 

Some areas of Paymaster soils are subject to rare, 
very brief periods of flooding during July through 
September. 

Plack series 

The soils in the Plack series are classified as 
Petrocalcic Calciustolls, loamy, mixed, mesic, shallow. 
These shallow to indurated caliche, well drained soils 
formed in residuum derived mainly from conglomerate. 
They are on broad terrace remnants. Slope is 0 to 8 
percent. Elevation is 5,000 to 6,000 feet. The average 
annual precipitation is 15 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of Plack gravelly loam, 0 to 8 percent 
slopes; about 4 miles south of Hurley; SE1 /4NE1 /4 of 
sec. 25, T. 19 S., R. 13 W. 

A 11-0 to 2 inches; grayish brown (1 OYR 5/2) gravelly 
loam, very dark grayish brown (1 OYR 3/2) moist; 
weak fine granular structure; soft, very friable, 
slightly sticky and slightly plastic; common fine and 
very fine roots; many very fine pores; very strongly 
calcareous; moderately alkaline (pH 8.4); clear 
smooth boundary. 
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A12-2 to 9 inches; grayish brown (10YR 5/2) loam, 
very dark grayish brown (1 OYR 3/2) moist; weak 
medium subangular blocky structure; slightly hard, 
very friable, slightly sticky and slightly plastic; many 
fine and very fine roots; common very fine pores; 
very strongly calcareous; moderately alkaline (pH 
8.4); clear wavy boundary. 

A13-9 to 17 inches; light brownish gray (10YR 6/2) 
heavy loam, dark grayish brown (1 OYR 4/2) moist; 
weak medium subangular blocky structure; slightly 
hard, very friable, slightly sticky and slightly plastic; 
common fine and very fine roots; common very fine 
pores; very strongly calcareous; moderately alkaline 
(pH 8.4); abrupt wavy boundary. 

Ccam-17 inches; indurated caliche. 

Thickness of the solum and depth to indurated caliche 
are 8 to 20 inches. 

The A horizon has hue of 7.5YR or 10YR, value of 4 
or 5 when dry, and chroma of 2 or 3. 

The B horizon, where present, has hue of 7.5YR or 
1 OYR, value of 3 to 6 when dry and 3 or 4 when moist, 
and chroma of 2 or 3. 

The C horizon is strongly cemented to weakly 
cemented throughout. 

Plack Variant 

The Plack Variant soils are classified as Lithic 
Calciustolls, loamy, mixed, mesic. These shallow, well 
drained soils formed in residuum derived mainly from 
conglomerate. They are on ridges. Slope is 1 to 35 
percent. Elevation is 5,000 to 6,500 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of a Plack Variant gravelly loam in an 
area of Plack Variant-Guy complex, 1 to 8 percent 
slopes; about 1 mile southwest of Silver City; 
NW1/4SW1/4NW1/4 of sec. 15, T. 18 S., A. 14 W. 

A 1-0 to 5 inches; grayish brown (1 OYR 5/2) gravelly 
loam, very dark grayish brown (1 OYR 3/2) moist; 
weak fine granular structure; slightly hard, friable, 
slightly sticky and slightly plastic; common fine roots 
and few medium roots; many fine interstitial pores; 
30 percent gravel; strongly calcareous; moderately 
alkaline (pH 8.4); clear irregular boundary. 

Cca-5 to 11 inches; light gray (1 OYR 7 /2) gravelly silt 
loam, brown (1 OYR 5/3) moist; massive; slightly 
hard, friable, slightly sticky and plastic; common fine 
roots and few medium roots; many very fine 
interstitial pores; 15 percent gravel; very strongly 

Soil survey 

calcareous; moderately alkaline (pH 8.4); clear wavy 
boundary. 

R-11 to 60 inches; strongly cemented conglomerate. 

Depth to strongly cemented conglomerate is 6 to 20 
inches. 

The A horizon has hue of 7.5YR or 10YR, value of 4 
or 5 when dry, and chroma of 1 to 3. It is slightly 
calcareous to strongly calcareous. 

The Cca horizon has hue of 1 OYR or 7.5YR, value of 6 
to 8 when dry and 5 to 7 when moist, and chroma of 2 
to 4. It is gravelly silt loam, gravelly sandy loam, gravelly 
loam, or gravelly clay loam. The horizon is strongly 
calcareous or very strongly calcareous. 

Ruidoso series 

The soils in the Ruidoso series are classified as 
Pachic Argiustolls, fine, mixed, mesic. These deep, well 
drained soils formed in alluvium derived from mixed 
sources. They are on hillsides, terraces, and alluvial fans 
and in valleys. Slope is 0 to 8 percent. Elevation is 5,000 
to 7,000 feet. The average annual precipitation is 14 
inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typicaf pedon of a Ruidoso clay loam in an area of 
Gaddes-Ruidoso complex, 3 to 15 percent slopes; about 
0.5 mile south of the northwest corner of sec. 9, T. 18 
S., R.13W. 

A 1-0 to 3 inches; dark grayish brown (1 OYR 4/2) clay 
loam, very dark grayish brown (10YR 3/2) moist; 
moderate fine granular structure; soft, very friable, 
slightly sticky and slightly plastic; few fine, medium, 
and coarse roots; common very fine and fine pores; 
noncalcareous; mildly alkaline (pH 7.8); clear 
smooth boundary. 

B21t-3 to 24 inches; dark grayish brown (1 OYR 4/2) 
clay, very dark grayish brown (1 OYR 3/2) moist; 
strong coarse and medium angular blocky structure; 
very hard, sticky and plastic; common fine roots and 
few medium and coarse roots; few very fine and fine 
pores; thin continuous clay films on faces of peds; 
noncalcareous; mildlyalkaline (pH 7.8) decreasing 
to neutral (pH 6.8) below a depth of 1 0 inches; 
gradual smooth boundary. 

B22t-24 to 31 inches; brown (10YR 5/3) clay, dark 
brown (1 OYR 4/3) moist; moderate coarse prismatic 
structure parting to moderate coarse subangular 
blocky; very hard, firm, sticky and plastic; few fine 
and medium roots; few very fine and fine pores; thin 
continuous clay films on faces of peds; slightly 
calcareous in a few small pockets; mildly alkaline 
(pH 7.8); diffuse smooth boundary. 
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B23t-31 to 50 inches; pale brown (10YR 5/3) clay, 
brown (10YR 4/4) moist; moderate coarse prismatic 
structure parting to moderate coarse subangular 
blocky; very hard, firm, sticky and plastic; few fine 
and medium roots; few very fine and fine pores; thin 
continuous clay films on faces of peds; 
noncalcareous; mildly alkaline (pH 7.8); gradual 
smooth boundary. 

B3tca-50 to 60 inches; yellowish brown (1 OYR 5/ 4) 
sandy clay, dark yellowish brown (1 OYR 4/ 4) moist; 
common large distinct strong brown (1 OYR 5/8) 
mottles; moderate coarse subangular blocky 
structure; hard, firm, sticky and plastic; few fine and 
medium roots; few very fine and fine pores; slightly 
calcareous; moderately alkaline (pH 8.0). 

The solum is more than 40 inches thick. 
The A horizon has hue of 1 OYR or 7.5YR, value of 4 

or 5 when dry and 2 or 3 when moist, and chroma of 1 
to 3. 

The B horizon has hue of 1 OYR or 7.5YR, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 2 
to 4. It is clay, sandy clay, or heavy clay loam. 

The Ruidoso soils in map unit 73 are a taxadjunct to 
the Ruidoso series because they are about 2 degrees F 
warmer than the range of the series. 

Sampson series 

The soils in the Sampson series are classified as 
Pachic Argiustolls, fine-loamy, mixed, mesic. These 
deep, well drained soils formed in alluvium derived 
mainly from igneous parent material. They are on 
intraridge valley bottoms and sides. Slope is 3 to 9 
percent. Elevation is 5,000 to 7,000 feet. The average 
annual precipitation is 15 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of a Sampson loamy sand in an area of 
Sampson-Dagflat complex, 3 to 12 percent slopes; about 
1 mile southeast of Central; NW1 /4SW1 /4 of sec. 1, T. 
18S.,R.13W. 

A 11-0 to 1 inch; brown (1 OYR 5/3) loamy sand, dark 
brown (1 OYR 3/3) moist; weak fine granular 
structure; soft, very friable; many very fine and fine 
roots; many fine and very fine interstitial pores; 
noncalcareous; neutral (pH 6.8); clear smooth 
boundary. 

A 12-1 inch to 3 inches; dark grayish brown (1 OYR 4/2) 
light sandy clay loam, very dark grayish brown 
(1 OYR 3/2) moist; weak fine subangular blocky 
structure; soft, very friable, slightly sticky and slightly 
plastic; many very fine and fine roots; many very fine 
pores; noncalcareous; neutral (pH 7.0); clear smooth 
boundary. 

821 t-3 to 25 inches; dark grayish brown (1 OYR 4/2) 
sandy clay loam, very dark grayish brown (1 OYR 
3/2) moist; moderate coarse subangular blocky 
structure; slightly hard, friable, sticky and plastic; 
common very fine and fine roots; many very fine 
pores; noncalcareous; slightly alkaline (pH 7.2); 
diffuse smooth boundary. 
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B22t-25 to 35 inches; grayish brown (1 OYR 5/2) sandy 
clay loam, dark grayish brown (1 OYR 4/2) moist; 
moderate coarse subangular blocky structure; 
slightly hard, friable, sticky and plastic; few very fine 
roots; many very fine pores; noncalcareous; slightly 
alkaline (pH 7.6); clear smooth boundary. 

83ca-35 to 45 inches; grayish brown (1 OYR 5/2) light 
sandy clay loam, dark grayish brown (1 OYR 4/2) 
moist; weak coarse subangular blocky structure; 
slightly hard, friable, sticky and plastic; few very fine 
roots; many very fine pores; slightly calcareous; 
moderately alkaline (pH 8.0); clear smooth 
boundary. 

IIB2tb-45 to 60 inches; brown (1 OYR 5/3) sandy clay 
loam, dark brown (1 OYR 4/3) moist; weak coarse 
subangular blocky structure; slightly hard, friable, 
sticky and plastic; many very fine pores; slightly 
calcareous; slightly alkaline (pH 7.6); clear smooth 
boundary. 

C1-60 to 66 inches; light brown (7.5YR 6/4) sandy clay 
loam, brown (7.5YR 5/4) moist; massive; slightly 
hard, friable, sticky and plastic; common very fine 
pores; slightly calcareous; slightly alkaline (pH 7.6). 

The A horizon has hue of 7.5YR or 1 OYR, value of 3 
to 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. 

The B and C horizons are mildly alkaline or moderately 
alkaline and are sandy clay loam or loam. 

Sanloren series 

The soils in the Sanloren series are classified as 
Pachic Argiustolls, clayey-skeletal, mixed, mesic. These 
deep, well drained soils formed in alluvium derived from 
mixed sources. They are on old terrace remnants and 
ridges. Slope is 1 to 10 percent. Elevation is 5,500 to 
6,500 feet. The average annual precipitation is 14 
inches. The average annual air temperature is 51 
degrees F, and the frost-free season is 1'50 to 180 days. 

Typical pedon of a Sanloren loam in an area of 
Sanloren-Majada Variant complex, 1 to 15 percent 
slopes; SW1/4NE1/4SE1/4 of sec. 4, T. 17 S., R. 11 W. 

A 11-0 to 2 inches; brown (1 OYR 5/3) loam, very dark 
grayish brown (1 OYR 3/2) moist; moderate medium 
granular structure; soft, very friable, slightly sticky 
and slightly plastic; many very fine and fine roots; 
many very fine interstitial pores; noncalcareous; 
neutral (pH 7.0); clear smooth boundary. 
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A 12-2 to 10 inches; brown (1 OYR 5/3) loam, very dark 
grayish brown (10YR 3/2) moist; weak medium 
subangular blocky structure; soft, very friable, slightly 
sticky and slightly plastic; many very fine and fine 
roots; many very fine interstitial pores; 
noncalcareous; mildly alkaline (pH 7.4); clear 
smooth boundary. 

B21t-1 0 to 20 inches; brown (1 OYR 4/3) clay loam, 
very dark grayish brown (1 OYR 3/2) moist; strong 
medium subangular blocky structure; hard, friable, 
sticky and plastic; 1 0 percent gravel; many very fine 
roots; common very fine tubular and interstitial 
pores; thin patchy clay films on faces of peds; 
noncalcareous; mildly alkaline (pH 7.4); clear wavy 
boundary. 

B22t-20 to 37 inches; brown (7.5YR 4/2) very cobbly 
clay, dark brown (7.5YR 3/3) moist; weak fine 
subangular blocky structure; slightly hard, friable, 
sticky and plastic; many very fine roots; many very 
fine interstitial and tubular pores; thin patchy clay 
films on faces of peds; 60 percent cobbles; 
noncalcareous; mildly alkaline (pH 7.4); gradual 
wavy boundary. 

C1-37 to 60 inches; brown (7.5YR 4/4) very cobbly 
sandy clay loam, dark brown (7.5YR 3/4) moist; 
massive; soft, very friable, slightly sticky and slightly 
plastic; few very fine roots; few very fine interstitial 
pores; 60 percent cobbles; slightly calcareous; mildly 
alkaline (pH 7.6). 

Depth to the argillic horizon ranges from 6 to 16 
inches, and depth to carbonates ranges from 20 to 37 
inches. 

The A horizon has hue of 1 OYR or 7.5YR, value of 4 
or 5 when dry and 3 or 4 when moist, and chroma of 2 
or 3. 

The B horizon has hue of 10YR. or 7.5YR, value of 3 
to 5 when dry and 3 or 4 when moist, and chroma of 2 
or 3. It is very cobbly clay, very cobbly heavy clay loam, 
and heavy clay loam. It averages more than 35 percent 
coarse fragments. 

The C horizon has hue of 5YR or 7.5YR, value of 4 or 
5 when dry and 3 or 4 when moist, and chroma of 3 or 
4. It is very cobbly sandy loam, very cobbly sandy clay 
loam, very gravelly sandy clay, or gravelly clay loam. 

Santa Fe series 

The soils in the Santa Fe series are classified as Lithic 
Argiustolls, loamy-skeletal, mixed, mesic. These shallow, 
well drained soils formed in residuum derived mainly 
from acid igneous rock. They are on mountains, ridges, 
valley sides, and hills. Slope is 5 to 70 percent. Elevation 
is 5,000 to 7,000 feet. The average annual precipitation 
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is 14 inches. The average annual air temperature is 52 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of a Santa Fe gravelly sandy loam in an 
area of Santa Fe-Rock outcrop complex, 5 to 15 percent 
slopes; about 3 miles east of Silver City; 
SE1/4NW1/4SE1/4 of sec. 31, T. 17 S., R. 13 W. 

A1-0 to 2 inches; dark brown (7.5YR 4/2) gravelly 
sandy loam, dark brown (7.5YR 3/3) moist; weak 
fine granular structure; soft, very friable, slightly 
sticky and slightly plastic; many very fine and fine 
roots; common very fine interstitial pores; 20 percent 
gravel; slightly acid (pH 6.4); abrupt wavy boundary. 

B2t-2 to 5 inches; dark brown (7.5YR 4/2) very wavelly 
clay loam, dark brown (7.5YR 3/3) moist; med1um 
fine angular blocky structure; slightly har~. very . 
friable, sticky and plastic; common very f1ne and fme 
roots; common very fine interstitial and tubular 
pores; common moderately thick clay films on faces 
of peds and in pores; 45 percent gravel; neutral (pH 
6.6); clear smooth boundary. 

B3t-5 to 18 inches; highly fractured acid igneous 
bedrock with soil material in cracks; soil material is 
dark brown (7.5YR 4/2) very gravelly clay loam, 
dark brown (7.5YR 3/3) moist; massive; slightly 
hard, friable, sticky and plastic; few very fine roots; 
common moderately thick clay flows in cracks; 
neutral (pH 6.8); abrupt wavy boundary. 

R-18 inches; acid igneous rock. 

Thickness of the solum and depth to rock are 8 to 20 
inches. 

The A horizon has hue of 7.5YR or 10YR, value of 4 
or 5 when dry and 2 or 3 when moist, and chroma of 2 
or 3. It is ~ 5 to 35 percent coarse fragments. 

The Bt horizon has hue of 5YR or 7.5YR, value of 4 or 
5 when dry, and chroma of 2 or 3. It averages more than 
35 percent coarse fragments and is very gravelly loam or 
very gravelly clay loam. 

Santana series 

The soils in the Santana series are classified as Lithic 
Haplustolls, loamy, mixed, mesic. These shallow, well 
drained soils formed in residuum derived mainly from 
coarse granite. They are on ridges and hills. Slope is 1 
to 35 percent. Elevation is 5,000 to 7,000 feet. The 
average annual precipitation is 14 inches. The average 
annual air temperature is 54 degrees F, and the frost
free season is 150 to 180 days. 

Typical pedon of a Santana loam in an area of 
Santana-Rock outcrop complex, 1 to 25 percent slopes; 
about 1 mile north of Central; NW1/4NW1/4SW1/4 of 
sec. 25, T.17 S., R.13 W. 
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A 11-0 to 2 inches: dark grayish brown (1 OYR 4/2) 
loam, very dark grayish brown (1 OYR 3/2) moist: 
weak fine granular structure: slightly hard, friable, 
slightly sticky and slightly plastic; many fine roots: 
many fine interstitial pores: noncalcareous: neutral 
(pH 6.8); clear smooth boundary. 

A 12-2 to 8 inches: dark grayish brown (1 OYR 4/2) 
loam, very dark grayish brown (10YR 3/2) moist: 
moderate fine and medium subangular blocky 
structure: slightly hard, friable, slightly sticky and 
slightly plastic; many fine roots: many fine and few 
medium interstitial pores: slightly calcareous: mildly 
alkaline (pH 7.4): gradual smooth boundary. 

C1-8 to 12 inches: dark grayish brown (10YR 4/2) 
gravelly loam, very dark grayish brown (1 OYR 3/2) 
moist: moderate medium subangular blocky 
structure: slightly hard, friable, slightly sticky and 
slightly plastic; common fine and few medium roots: 
common fine and few medium interstitial pores: 
slightly calcareous: mildly alkaline (pH 7.4); abrupt 
smooth boundary. 

R-12 inches: acid igneous bedrock. 

Depth to bedrock is 4 to 18 inches. The upper 3 or 4 
inches of the bedrock is partially weathered. The profile 
has hue of 1 OYR or 7.5YR, value of 4 or 5 when dry and 
2 or 3 when moist, and chroma of 2 or 3. The A horizon 
is loam, sandy loam, or loamy sand. The C horizon is 
gravelly loam, loam, or sandy clay loam. It is 15 to 30 
percent clay. 

Sonoita series 

The soils in the Sonoita series are classified as Typic 
Haplargids, coarse-loamy, mixed, thermic. These deep, 
well drained soils formed in coarse textured alluvium 
derived from mixed sources. They are on alluvial fans 
and plains. Slope is 1 to 8 percent. Elevation is 4,000 to 
5,500 feet. The average annual precipitation is 1 0 
inches. The average annual air temperature is 60 
degrees F, and the frost-free season is 180 to 220 days. 

Typical pedon of a Sonoita loamy sand in an area of 
Bucklebar-Sonoita-Continental association, 1 to 8 
percent slopes: about 19 miles northwest of Hachita; 
SW1/4SE1/4SW1/4 of sec. 22, T. 24 S., R. 16 W. 

A1-0 to 4 inches; brown (7.5YR 5/4) loamy sand, dark 
brown (7.5YR 4/4) moist: weak fine granular 
structure: soft, very friable, nonsticky and slightly 
plastic; common fine roots; many fine interstitial 
pores: 5 percent fine gravel: noncalcareous: neutral 
(pH 6.8); clear smooth boundary. 
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B21t-4 to 10 inches: brown (7.5YR 5/4) sandy loam, 
dark brown (7.5YR 4/4) moist: weak medium 
subangular blocky structure; soft, very friable, slightly 
sticky and slightly plastic: many fine roots: many fine 
interstitial pores: 5 percent gravel; noncalcareous: 
neutral (pH 7.0); clear smooth boundary. 

B22t-10 to 45 inches: brown (7.5YR 5/4) sandy loam, 
dark brown (7.5YR 4/ 4) moist: weak medium 
subangular blocky structure: soft, very friable, slightly 
sticky and slightly plastic: common fine roots: 
common fine pores: few thin clay films on pebbles 
and common bridges between sand grains: 1 0 
percent gravel: noncalcareous: neutral (pH 7.2): 
clear smooth boundary. 

C1-45 to 60 inches: light brown (7.5YR 6/4) gravelly 
loamy sand, brown (7.5YR 4/4) moist: single 
grained: loose: many fine interstitial pores: 15 
percent gravel; slightly calcareous: mildly alkaline 
(pH 7.8). 

The solum is more than 40 inches thick. In some 
pedons, lime is at a depth of 17 inches, but the calcium 
carbonate equivalent is less than 15 percent to a depth 
of 40 inches or more. 

The A horizon has hue of 5YR to 1 OYR, value of 4 to 
6 when dry and 3 or 4 when moist, and chroma of 3 to 
6. 

The B horizon has hue of 5YR or 7.5YR, value of 4 to 
6 when dry and 3 or 4 when moist, and chroma of 3 to 
6. It averages sandy loam but has thin strata of sandy 
clay loam or loam. 

Stellar series 

The soils in the Stellar series are classified as Ustollic 
Haplargids, fine, mixed, thermic. These deep, well 
drained soils formed in alluvium derived from mixed 
sources. They are on alluvial plains and fans and in 
depressional areas and drainageways. Slope is 0 to 2 
percent. Elevation is 4,000 to 5,500 feet. The average 
annual precipitation is 1 0 inches. The average annual air 
temperature is 60degr-ees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of a Stellar sandy clay loam in an area 
of Stellar-Mohave association, 0 to 5 percent slopes; 
about 28 miles northwest of Hachita: in the northeast 
corner of sec. 18, T. 24 S., R. 16 W. 

A1-0 to 8 inches: brown (7.5YR 5/4) sandy clay loam, 
dark brown (7.5YR 4/4) moist: moderate fine 
granular structure: soft, very friable, slightly sticky 
and slightly plastic; few fine and medium roots: 
many fine and medium interstitial pores: mildly 
alkaline (pH 7.6); clear smooth boundary. 
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BH-8 to 13 inches; reddish brown (5YR 514) clay, 
reddish brown (5YR 414) moist; weak medium 
subangular blocky structure; slightly hard, friable, 
sticky and plastic; few fine and medium roots; 
common fine tubular pores and common medium 
interstitial pores; common thin clay films on faces of 
peds and in pores; mildly alkaline (pH 7.8); clear 
smooth boundary. 

B21t-13 to 19 inches; reddish brown (5YR 51 4) clay 
loam, reddish brown (5YR 414) moist; strong 
medium subangular blocky structure; hard, firm, 
sticky and plastic; common fine and medium 
interstitial pores; few very fine and fine roots; many 
thin clay films on faces of peds and in pores; 
moderately alkaline (pH 8.2); abrupt smooth 
boundary. 

B22t-19 to 24 inches; reddish brown (5YR 51 4) clay 
loam, yellowish red (5YR 416) moist; weak medium 
subangular blocky structure; hard, friable, slightly 
sticky and slightly plastic; common fine and medium 
interstitial pores; many thin clay films on faces of 
peds and in pores; moderately alkaline (pH 8.2); 
abrupt smooth boundary. 

B23tcab-24 to 35 inches; reddish brown (5YR 514) 
clay, yellowish red (5YR 516) moist; strong medium 
subangular blocky structure; hard, firm, sticky and 
plastic; common fine and medium interstitial pores; 
many thin clay films on faces of peds and in pores; 
slightly calcareous; moderately alkaline (pH 8.2); 
gradual smooth boundary. 

C1ca-35 to 60 inches; pink (7.5YR 714) gravelly clay 
loam, dark brown (7.5YR 414) moist; moderate 
medium subangular blocky structure; slightly hard, 
firm, nonsticky and nonplastic; common fine and 
medium interstitial pores; strongly calcareous; 
moderately alkaline (pH 8.4); gradual smooth 
boundary. 

Thickness of the solum and depth to the Cca horizon 
or buried 8 horizon, where present, range from 20 to 40 
inches. 

The A horizon has hue of 5YR to 1 OYR, value of 4 to 
6 when dry and 3 to 5 when moist, and chroma of 2 to 
6. It is sandy clay loam or silty clay loam. 

The Bt horizon has hue of 2.5YR or 5YR, value of 4 to 
6 when dry and 3 to 5 when moist, and chroma of 3 to 
6. It averages 35 to 50 percent clay in the upper 20 
inches. 

Stirk Variant 

The Stirk Variant soils are classified as Vertic 
Ustifluvents, fine, montmorillonitic (calcareous), mesic. 
These deep, moderately well drained soils formed in fine 
textured alluvium derived from mixed sources. They are 
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on flood plains and alluvial fans. Slope is 0 to 1 percent. 
Elevation is 5,000 to 6,500 feet. The average annual 
precipitation is 14 inches. The average annual air 
temperature is 51 degrees F, and the frost-free season 
is 150 to 180 days. 

Typical pedon of Stirk Variant silty clay loam, 0 to 1 
percent slopes; NW1 I 4NW1 I 4 of sec. 33, T. 14 S., R. 18 
w. 

A 1-0 to 2 inches; light brownish gray (1 OYR 612) silty 
clay loam, dark grayish brown (1 OYR 412) moist; 
moderate fine granular structure; soft, very friable, 
slightly sticky and slightly plastic; common very fine 
and fine roots; many fine tubular pores; strongly 
calcareous; moderately alkaline (pH 8.4); abrupt 
smooth boundary. 

C1-2 to 7 inches; light brownish gray (1 OYR 612) silty 
clay, dark grayish brown (1 OYR 412) moist; 
moderate fine granular structure; soft, very friable, 
sticky and plastic; common very fine and fine roots; 
common very fine tubular pores; strongly 
calcareous; strongly alkaline (pH 8.6); clear smooth 
boundary. 

C2-7 to 60 inches; light brownish gray (10YR 612) clay, 
dark grayish brown (1 OYR 412) moist; massive; 
slightly hard, friable, sticky and plastic; strongly 
calcareous; strongly alkaline (pH 8.8). 

The profile has hue of 7.5YR or 1 OYR, value of 6 or 7 
when dry and 3 or 4 when moist, and chroma of 2 or 3. 
The C horizon is silty clay or clay. The Stirk Variant soils 
are subject to rare, very brief periods of flooding during 
July through September. 

Tesajo series 

The soils in the Tesajo series are classified as Cumulic 
Haplustolls, loamy-skeletal, mixed, mesic. These deep, 
well drained soils formed in alluvium derived from mixed 
sources. They are on alluvial fans, flood plains, and foot 
slopes. Slope is 1 to 15 percent. Elevation is 5,000 to 
6,500 feet. The average annual precipitation is 14 
inches. The average annual air temperature is 54 
degrees F, and the frost-free season is 150 to 180 days. 

Typical pedon of Tesajo very gravelly loam, 8 to 15 
percent slopes; in south half of sec. 14, T. 17 S., R. 11 
w. 

A 1-0 to 3 inches; brown (1 OYR 5/3) very gravelly loam, 
very dark grayish brown (1 OYR 312) moist; moderate 
fine granular structure; soft, very friable, nonsticky 
and nonplastic; many very fine and fine roots; many 
very fine and fine pores; 40 percent gravel; 
noncalcareous; neutral (pH 7.0); clear wavy 
boundary. 
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82-3 to 24 inches; brown (10YR 4/3) very gravelly 
loam, very dark grayish brown (10YR 3/2) moist; 
moderate medium subangular blocky structure; soft, 
very friable, slightly sticky and slightly plastic; 
common very fine and fine roots; common very fine 
and fine pores; 50 percent gravel; noncalcareous; 
mildly alkaline (pH 7.4); gradual wavy boundary. 

C1-24 to 60 inches; brown (7.5YR 5/4) very gravelly 
heavy loam, brown (7.5YR 4/4) moist; massive; soft, 
very friable, slightly sticky and slightly plastic; 
common very fine and fine roots; common very fine 
and fine pores; 55 percent gravel; noncalcareous; 
mildly alkaline {pH 7.4). 

Depth to bedrock is 60 inches or more. The mollie 
epipedon is 20 to 28 inches thick. 

The A horizon has hue of 7.5YR or 10YR, value of 4 
or 5 when dry and 2 or 3 when moist, and chroma of 2 
to 4. It is very gravelly loam or gravelly sandy loam. 

The 8 and C horizons have hue of 7.5YR or 10YR, 
value of 4 or 5 when dry and 2 or 3 when moist, and 
.chroma of 2 or 3. They are very gravelly loam or very 
cobbly sandy clay loam. 

Some areas of the Tesa1o soils are subject to rare, 
very brief periods of flooding during July through 
September. 

Tres Hermanos series 

The soils in the Tres Hermanos series are classified 
as Typic Haplargids, fine-loamy, mixed, thermic. These 
deep, well drained soils formed in calcareous alluvium 
derived from mixed sources. They are on the sides of 
piedmonts and on terraces, alluvial fans, and foot slopes. 
Slope is 0 to 8 percent. Elevation is 4,000 to 5,500 feet. 
The average annual precipitation is 1 0 inches. The 
average annual air temperature is 60 degrees F, and the 
frost-free season is 180 to 220 days. 

Typical pedon of a Tres Hermanos gravelly sandy clay 
loam in an area of Tres Hermanos-Lehmans association, 
1 to 15 percent slopes; about 24 miles southwest of 
Buckhorn, SE1/4NE1/4SE1/4 of sec. 20, T. 17 S., R. 21 
w. 

A 1-0 to 3 inches; reddish brown (SYR 5/3) gravelly 
sandy clay loam, dark reddish brown (SYR 3/3) 
moist; weak fine subangular blocky structure; soft, 
very friable, slightly sticky and slightly plastic; many 
fine roots; many fine interstitial pores; strongly 
calcareous; moderately alkaline (pH 8.2); abrupt 
smooth boundary. 

821 t-3 to 6 inches; reddish brown (SYR 5/3) clay loam, 
reddish brown (7.5YR 4/3) moist; moderate medium 
subangular blocky structure; hard, friable, sticky and 
plastic; many fine roots; many fine tubular pores; 
strongly calcareous; moderately alkaline (pH 8.4); 
clear smooth boundary. 
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B22tca-6 to 13 inches; reddish brown (7.5YR 5/4) 
gravelly clay loam, reddish brown (7.5YR 4/4) moist; 
moderate fine angular blocky structure; hard, friable, 
sticky and plastic; many fine roots; common fine 
tubular pores; very strongly calcareous; moderately 
alkaline (pH 8.4); abrupt smooth boundary. 

Cca-13 to 60 inches; pink (SYR 8/3) gravelly sandy 
loam, light reddish brown (SYR 6/3) moist; massive; 
very hard, friable, nonsticky and nonplastic; very 
strongly calcareous; moderately alkaline (pH 8.4). 

The control section is 15 to 30 percent coarse 
fragments. 

The A horizon has hue of SYR or 7.5YR, value of 5 or 
6 when dry and 3 or 4 when moist, and chroma of 2 to 
4. It is gravelly sandy clay loam or fine sandy loam. 

The 8 horizon has hue of 5YR or 7.5YR, value of 5 or 
6 when dry and 4 or 5 when moist, and chroma of 3 or 
4. It is gravelly clay loam, gravelly sandy clay loam, or 
clay loam. 

The C horizon has hue of 5YR or 7.5YR, and it has 
value of 7 or 8 when dry and 5 or 6 when moist. It is 
gravelly sandy loam or gravelly sandy clay loam. 

Upton series 

The soils in the Upton series are classified as Typic 
Paleorthids, loamy, carbonatic, thermic, shallow. These 
shallow to indurated caliche, well drained soils formed in 
calcareous alluvium derived from mixed sources. They 
are on foot slopes, alluvial fans, and terrace remnants. 
Slope is 0 to 5 percent. Elevation is 4,000 to 5,500 feet 
The average annual precipitation is 1 0 inches. The 
average annual air temperature is 60 degrees F. and the 
frost-free season is 180 to 220 days. 

Typical pedon of an Upton gravelly loam in an area of 
nes Hermanos-Upton complex, 0 to 5 percent slopes; 
about 12 miles north of Hachita; NE1/4NE1/4SW1/4 of 
sec. 31, T. 25 S., R. 14 W. 

A-0 to 3 inches; pale brown (1 OYR 6/3) gravelly loam, 
dark brown (10YR 4/3) moist; moderate medium 
granular structure; slightly hard, friable, slightly sticky 
and slightly plastic; few very fine and fine roots; 
many very fine and fine vesicular pores; slightly 
calcareous; moderately alkaline (pH 8.4); clear 
smooth boundary. 

821-3 to 6 inches; brown (10YR 5/3) gravelly clay 
loam, dark brown (1 OYR 4/3) moist; moderate fine 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; few very fine and 
fine roots; common very fine and fine pores; 
moderately calcareous; moderately alkaline (pH 8.4); 
gradual smooth boundary. 
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822-6 to 12 inches; brown (1 OYR 513) gravelly clay 
loam, dark brown (1 OYR 413) moist; moderate 
medium subangular blocky structure; slightly hard, 
friable, slightly sticky and slightly plastic; few yery 
fine and fine roots; common very fine and fine 
pores; moderately calcareous; moderately alkaline 
(pH 8.4); clear wavy boundary. 

C1ca-12 to 14 inches; brown (10YR 513) very gravelly 
clay loam, dark brown (1 OYR 413) moist; weak fine 
subangular blocky structure; slightly hard, friable, 
slightly sticky and slightly plastic; very few very fine 
and fine roots; common very fine and fine pores; 
very strongly calcareous; moderately alkaline (pH 
8.4); abrupt smooth boundary. 

C2cam-14 to 20 inches; white (10YR 812) indurated 
caliche. 

C3ca-20 to 36 inches; white (1 OYR 812) gravelly silt 
loam, very pale brown (1 OYR 7 13) moist; massive; 
hard, friable, slightly sticky and slightly plastic; few 
very fine pores; very strongly calcareous; moderately 
alkaline (pH 8.4); clear smooth boundary. 

Depth to indurated caliche ranges from 7 to 20 inches. 
The A horizon has hue of 1 OYR or 7.5YR, and it has 

value of 5 or 6 when dry. 
The B horizon has hue of 10YR or 7.5YR. 
Some pedons do not have a thin C1 horizon. 

Ustorthents 
Ustorthents are moderately deep and deep soils that 

formed in old alluvium derived mainly from conglomerate. 
They are on ridges, hills, and breaks. Slope is 1 0 to 60 
percent. Elevation is 5,500 to 7,000 feet. The average 
annual precipitation is 14 inches. The average annual air 
temperature is 54 degrees F, and the frost-free season 
is 150 to 180 days. 

Reference pedon of Ustorthents in an area of Lonti
Ustorthents association, 5 to 60 percent slopes; about 4 
miles northwest of Gila; NE114NE114NE114 of sec. 2, T. 
15 S., A. 17 W. 

A-0 to 3 inches; brown (1 OYR 513) very gravelly loam, 
dark brown (1 OYR 313) moist; weak fine granular 
structure; soft, very friable, slightly sticky and slightly 
plastic; common very fine and fine roots; common 
fine interstitial pores; 40 percent gravel; moderately 
calcareous; moderately alkaline (pH 8.0); clear 
smooth boundary. 

C1 ca-3 to 60 inches; brown (1 OYR 513) very gravelly 
loam, dark brown (1 OYR 413) moist; massive; 
slightly hard, friable, slightly sticky and slightly 
plastic; few very fine. and fine roots; few fine 
interstitial pores; 45 percent gravel; moderately 
calcareous (pH 8.4). 

Depth to conglomerate is more than 20 inches. These 
soils are extremely variable in characteristics. They are 
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moderately deep to deep. The soils are 5 to 45 percent 
clay and 5 to 50 percent rock fragments. They are 
moderately alkaline or strongly alkaline. 

Verhalen series 

The soils in the Verhalen series are classified as Mollie 
Torrerts, fine, montmorillonitic, thermic. These deep, 
moderately well drained soils formed in calcareous, fine 
textured alluvium and lacustrine sediment derived from 
mixed sources. They are in bolsons and on valley 
bottoms and basin floors. Slope is 0 to 1 percent. 
Elevation is 4,000 to 5,000 feet. The average annual 
precipitation is 1 0 inches. The average annual air 
temperature is 60 degrees F, and the frost-free season 
is 180 to 220 days. 

Typical pedon of a Verhalen silty clay in an area of 
Hondale-Verhalen association, 0 to 3 percent slopes; 
about 3 miles southwest of Hachita; SE1 14SE1 14SE1 14 
of sec. 10, T. 28 S., A. 15 W. 

A1-0 to 10 inches; pinkish gray (7.5YR 612) silty clay, 
brown (7.5YR 412) moist; moderate medium 
subangular blocky structure; slightly hard, very 
friable, sticky and plastic; many medium roots; many 
fine tubular pores; strongly calcareous; moderately 
alkaline (pH 8.2); abrupt smooth boundary. 

C1-10 to 60 inches; brown (7.5YR 514) clay, dark 
brown (7.5YR 413) moist; strong coarse angular 
blocky structure; hard, friable, sticky and plastic; few 
fine roots; many very fine tubular pores; strongly 
calcareous; moderately alkaline (pH 8.4). 

The profile has hue of 5YR to 1 OYR, value of 4 to 6 
when dry and 2 to 4 when moist, and chroma of 2 to 4. 
It ranges from heavy silty clay loam or heavy clay loam 
to silty clay or clay. In some pedons, the upper 12 inches 
is noncalcareous. 

The Verhalen soils are subject to rare, very brief 
periods of flooding during July through September. 

White House series 

The soils in the White House series are classified as 
Ustollic Haplargids, fine, mixed, thermic. These deep, 
well drained soils formed in old alluvium derived from 
conglomerate. They are on the sides of pediments. 
Slope is 1 to 8 percent. Elevation is 4,800 to 5,500 feet. 
The average annual precipitation is 12 inches. The 
average annual air temperature is 58 degrees F, and the 
frost-free season is 180 to 200 days. 

Typical pedon of a White House sandy clay loam in an 
area of White House-Ruidoso association, 0 to 8 percent 
slopes; about 11 miles south of Hurley; NW1 I 4NW1 I 4 of 
sec. 24, T. 20 S., A. 13 W. 
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A1-0 to 3 inches; strong brown (7.5YR 5/6) sandy clay 
loam, dark reddish brown (5YR 3/4) moist; weak 
moderate granular structure; slightly hard, friable, 
slightly sticky and slightly plastic; common fine and 
medium roots; many fine interstitial pores; slightly 
calcareous; moderately alkaline (pH 8.0); clear 
smooth boundary. 

B2t-3 to 14 inches; yellowish red (5YR 5/6) clay, 
yellowish red (5YR 4/6) moist; strong moderate 
prismatic structure parting to strong moderate 
subangular blocky; hard, firm, sticky and plastic; 
common fine and medium roots; many fine 
interstitial pores; many thin clay films on faces of 
peds, in pores, and as bridges between mineral 
grains; strongly calcareous; moderately alkaline (pH 
8.0); clear smooth boundary. 

B3t-14 to 20 inches; yellowish red (5YR 5/6) clay, 
yellowish red (5YR 4/6) moist; moderate medium 
subangular blocky structure; hard, firm, sticky and 
plastic; few fine roots; common medium interstitial 
pores; few thin clay films on faces of peds and in 
pores; strongly calcareous; moderately alkaline (pH 
8.2); clear smooth boundary. 

C1-20 to 25 inches; yellowish red (5YR 5/8) very 
gravelly sandy clay loam, yellowish red (5YR 4/8) 
moist; massive; slightly hard, friable, slightly sticky 
and slightly plastic; common medium interstitial 
pores; strongly calcareous; moderately alkaline (pH 
8.2); clear smooth boundary. 
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B21tb-25 to 36 inches; yellowish red (5YR 5/6) clay, 
yellowish red (5YR 4/6) moist; strong moderate 
subangular blocky structure; hard, firm, sticky and 
plastic; common medium interstitial pores; many thin 
clay films on faces of peds, in pores, and as bridges 
between mineral grains; strongly calcareous; 
moderately alkaline (pH 8.0); clear smooth 
boundary. 

B22tb-36 to 41 inches; yellowish red (5YR 5/8) gravelly 
sandy clay, yellowish red (5YR 5/6) moist; weak 
moderate subangular blocky structure; slightly hard, 
friable, sticky and plastic; common medium 
interstitial pores; common thin clay films on faces of 
peds, in pores, and as bridges between mineral 
grains; slightly calcareous; moderately alkaline (pH 
8.0); clear smooth boundary. 

C1 b-41 to 60 inches; yellowish red (5YR 5/8) sandy 
clay, yellowish red (5YR 4/8) moist; massive; slightly 
hard, friable, sticky and plastic; common medium 
interstitial pores; noncalcareous; moderately alkaline 
(pH 8.2). 

The solum is 20 to 30 inches thick. It is 0 to 30 
percent coarse fragments and is neutral to moderately 
alkaline. Bedrock is at a depth of 60 inches or more. 

The A horizon has hue of 5YR to 1 OYR, value of 3 to 
5, and chroma of 3 to 6. 

The B horizon has hue of 5YR to 1 OYR, value of 4 or 
5, and chroma of 3 to 6. It is sandy clay or clay. 
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TABLE 1.--TEHPERATURE AND PRECIPITATION 

[Recorded in the period 1931-60 
at Fort Bayard, N. Mex .] 

Temperature Precipitation 

Average Average Monthly Average number 
Month daily daily average of days with 

maximum minimum 0.10 inch or more 
precipitation 

F In 

January-- 7- 52 25 0.85 3 

February--- 55 27 0.96 2 

March------ 60 31 0.75 3 

April------ 69 37 0.38 

May-------- 77 44 0.39 

June------- 87 54 o. 73 

July------- 86 58 3. 10 7 

August----- 85 57 3.34 8 

September-- go 52 2.02 2 
' I 

October----: 71 42 1.15 4 

t.Jovember--- 50 31 0.71 

December--- 53 26 0. 90 2 
' I 
I 
I 

Year-------: 70 40 15.28 35 
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TABLF. 2.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 

Map Soil name 
s mbol 

I 

' I 
1 Abrazo-Luzena complex, 3 to 15 percent slopes--------------------------------------: 
2 Abrazo-Luzena complex, 15 to 45 percent slopes-------------------------------------: 
3 Anthony fine sandy loam, 1 to 3 percent slopes-------------------------------------: 
4 Boysag clay loam, 15 to 35 percent slopes------------------------------------------: 
5 Boysag-Abrazo-Santana complex, 3 to 20 percent slopes------------------------------: 
6 Bucklebar-Sonoita-Continental association, 1 to 8 percent slopes-------------------: 
1 Carnero-Santa ,Fe complex, 5 to 15 percent slopes-----------------------------------: 
8 Conger gravelly loam, 0 to 5 percent slopes----------------------------------------: 
9 Conger-Stellar association, 0 to 5 percent slopes----------------------------------: 
10 Continental-Nickel association, 0 to 15 percent slopes-----------------------------
11 :oagflat-Santa Fe complex, 1 to 25 percent slopes-----------------------------------
12 Encierro-Rock outcrop complex, 8 to 30 percent slopes------------------------------
13 Encierro-Rock outcrop complex, 15 to 35 percent slopes-----------------------------
14 Gaddes-Ruidoso complex, 3 to 15 percent slopes-------------------------------------
15 Gaddes-Santa Fe-Rock outcrop complex, 15 to 45 percent slopes----------------------: 
16 :Gila Variant fine sandy loam, 1 to 3 percent slopes--------------------------------: 
17 :Guy very cobbly loam, 15 to 35 percent slopes--------------------------------------
18 :Guy-Lonti complex, 3 to 15 percent slopes------------------------------------------
19 :Haverson silty clay loam, 0 to 1 percent slopes------------------------------------
20 :Hondale-Verhalen association, 0 to 3 percent slopes--------------------------------
21 :Jonale sandy clay loam, 15 to 35 percent slopes------------------------------------: 
22 :Judd-Manzano association, 1 to 15 percent slopes-----------------------------------: 
23 :Lehmans-Lithic Haplargids complex, 5 to 15 percent slopes--------------------------: 
24 :Lithic Haplargids-Rock outcrop association, 15 to 75 percent slopes----------------
25 :Lonti gravelly loam, 15 to 35 percent slopes---------------------------------------
26 Lonti gravelly clay loam, 0 to 8 percent slopes------------------------------------
27 Lonti-Denver Variant complex, 1 to 25 percent slopes-------------------------------
28 Lonti-Manzano association, 1 to 25 percent slopes----------------------------------
29 Lonti-Ustorthents association, 5 to 60 percent slopes------------------------------
30 Luzena very gravelly sandy clay loam, 5 to 25 percent slopes-----------------------
31 Luzena-Rock outcrop association, 10 to 35 percent slopes---------------------------
32 Manzano loam, 0 to 1 percent slopes------------------------------------------------
33 Manzano loam, 1 to 3 percent slopes------------------------------------------------
34 Manzano-Ruidoso association, 0 to 5 percent slopes---------------------------------
·35 Mimbres-Arizo-Riverwash association, 0 to 5 percent slopes-------------------------
36 :Muzzler very cobbly clay loam, 15 to 35 percent slopes-----------------------------
37 'Muzzler-Rock outcrop association, 25 to 45 percent slopes--------------------------
38 Nickel-Upton association, 2 to 15 percent slopes-----------------------------------
39 Oro Grande-Rock outcrop complex, 5 to 15 percent slopes----------------------------
40 Oro Grande-Rock outcrop complex, 25 to 75 percent slopes---------------------------
41 Orthents, 25 to 60 percent slopes-------------------------------------------------- 1 

42 Paymaster gravelly sandy loam, 3 to 15 percent slopes------------------------------
43 Paymaster-Ellicott complex, 0 to 1 percent slopes----------------------------------
44 Paymaster-Ellicott complex, 1 to 3 percent slopes----------------------------------
45 Paymaster-Ellicott-Manzano association, 0 to 5 percent slopes----------------------
46 Pits-Dumps association, extremely steep--------------------------------------------
47 Plack gravelly loam, 0 to 8 percent slopes-----------------------------------------
48 Plack Variant-Guy complex, 1 to 8 percent slopes-----------------------------------
49 Plack Variant-Guy complex, 15 to 35 percent Slopes---------------------------------
50 Riverwash--------------------------------------------------------------------------
51 Rock outcrop-Graham association, 5 to 25 percent slopeS----------------------------
52 Rock outcrop-Lithic Ustorthents complex, 15 to 65 percent slopes-------------------, 
53 Rock outcrop-Luzena association, 25 to 60 percent slopes---------------------------: 
54 Rock outcrop-Muzzler association, 25 to 65 percent slopes--------------------------: 
55 Ruidoso clay loam, 3 to 5 percent slopes-------------------------------------------: 
56 Ruidoso-Muzzler association, 5 to 15 percent slopes--------------------------------: 
57 Sampson-Dagflat complex, 3 to 12 percent slopes------------------------------------: 
58 Sanloren-Majada Variant complex, 1 to 15 percent slopes----------------------------: 
59 Santa Fe-Rock outcrop complex, 5 to 15 percent slopes------------------------------
60 :santa Fe-Rock outcrop complex, 20 to 45 percent slopes-----------------------------
61 :santa Fe, dry-Rock outcrop complex, 25 to 70 percent slopes------------------------
62 :santana loamy sand, 15 to 25 percent slopes----------------------------------------
63 Santana-Rock outcrop complex, 1 to 25 percent slopes-------------------------------: 
64 Santana-Rock outcrop complex, 15 to 35 percent slopes------------------------------: 
65 Stellar-Mohave association, 0 to 5 percent slopes----------------------------------: 
66 Stellar-Verhalen-Mimbres association, 0 to 2 percent slopes------------------------: 
67 Stirk Variant silty clay loam, 0 to 1 percent slopes-------------------------------: 
68 Tesajo very gravelly loam, 8 to 15 percent slopes----------------------------------: 
69 :Tesajo-Manzano complex, 1 to 3 percent slopes--------------------------------------: 
10 :Tres Hermanos gravelly sandy clay loam, 0 to 8 percent slopes----------------------: 

See footnote at end of table. 
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Acres Percent 

10,684 0.5 
4' 151 0.2 
1 '627 0.1 
3' 136 0.2 

35' 109 2.1 
85,956 5. 1 

4,542 0.3 
9,539 0.6 

10,944 0.6 
9,252 0.5 
4,008 0.2 

14,327 0.8 
4,997 0.3 

703 * 
5,561 0.3 
1 '028 * 
9,500 0.6 
9,330 0.6 
1 ,835 0.1 

14,406 o.s 
19,129 1.1 
17,073 1. 0 
17,164 1.0 
57,725 3. 4 
45,051 2.7 
17,359 1.0 

969 * 
107,246 6.4 
84,537 5.0 
11 '868 0.7 

142,784 8.5 
1 '770 0.1 

11 '179 0.7 
13' 195 0.8 
12,896 0.8 
10,671 0.6 

108,076 6.4 
58' 182 3.5 

4,034 0.2 
7,522 0.5 

32,325 1.9 
781 * 

4' 125 0.2 
7,509 0.5 

11 ,009 0.1 
13' 195 0.8 
16,214 1.0 

481 * 
1,158 * 
2,577 0.2 

19,377 1.2 
28,928 1.7 
76,821 4.6 
43,399 2.6 

3,774 0.2 
11.,047 1 .o 
2,668 0.2 
3,266 0.2 
8,289 0.5 

24,959 1.5 
11 '452 0.1 

1 '575 0.1 
10' 111 0.6 
44' 192 2.6 

149,824 8.9 
34,862 2.1 

846 0.1 
638 * 
625 * 

30,373 1.8 
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TABLE 2.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS--Continued 

I 

Map : 
s mbol: 

Soil name Acres 
I 

:Percent 

71 
72 
73 

I I 
I I 
I I 

:Tres Hermanos-Lehmans association, 1 to 15 percent slopes--------------------------: 
:Tres Hermanos-Upton complex, 0 to 5 percent slopes---------------------------------: 
:white House-Ruidoso association, 0 to 8 percent slopes-----------------------------: 

Water-------------------------------------------------------------------------: 

10,866 
61 '981 
22,955 

100 
I I 

0.6 
3.7 
1. 4 

* ,-----------,------
Total--------------------------------------------------------------------: 1,687,467 : 100.0 

*Less than 0.1 percent. 
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TABLE 3.--YIELDS PER ACRE OF IRRIGATED CROPS AND PASTURE 

[Yields are those that can be expected under a high level of management. Absence of a yield indicates that the 
soil is not suited to the crop or the crop generally is not grown on the soil. Only the soils suited to 
crops are listed] 

Soil name and Sorghum 
map symbol Alfalfa hay Barley silage Apples Pasture Wheat 

Ton Bu Ton Bu AUM Bu 

3------------------------- 6.0 60 12 
Anthony 

16------------------------ 7.0 75 13 80 
Gila Variant 

26------------------------ 3.5 70 9 40 
Lonti 

32, 33-------------------- 4 80 7 50 
Manzano 

43, 44: 
Paymaster----------------, 4 80 7 7 50 

I 
I 

Ellicott-----------------1 4 75 6 6 40 
I 
I 

55------------------------l 3.5 75 6 6 45 
Ruidoso 

56------------------------ 6 
Sanloren-Majada Variant 

67------------------------ 5.0 70 9 70 
Stirk Variant 

69: 
Tesajo------------------- 3 60 6 40 

Manzano------------------ 4 80 7 50 

• Animal-unit-month: The amount of forage or feed required to feed one animal unit (one cow, one horse, 
one mule, five sheep, or five goats) for 30 days. 
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TABLE 4.--RECREATIONAL DEVELOPMENT 

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"slight," "moderate," and "severe." Absence of an entry indicates that the soil was not rated] 

,. : 

Soil name and 
map symbol 

Camp areas 

Abrazo--------------- Moderate: 
slope, 
large stones. 

Luzena--------------- Severe: 
depth to rock. 

2*: 
Abrazo---------------,Severe: 

slope, 
large stones. 

Luzena--------------- Severe: 
slope, 
depth to rock. 

3--------------------- Severe: 
Anthony floods. 

4--------------------- Severe: 
Boy sag slope, 

depth to rock. 

5*: 
Boysag--------------- Severe: 

depth to rock. 

Abrazo--------------- Moderate: 
slope, 
peres slowly. 

Santana-------------- Severe: 
depth to rock. 

6*: 

Picnic areas 

Moderate: 
slope, 
large stones. 

I 

:severe: 
depth to rock. 

Severe: 
slope, 
large stones. 

Severe: 
slope, 
depth to rock. 

Slight---------------

'Severe: 
slope, 
depth to rock. 

Severe: 
depth to rock. 

Moderate: 
slope, 
peres slowly. 

Severe: 
depth to rock. 

I 

Playgrounds 

Severe: 
large stones, 
slope. 

Severe: 
large stones, 
slope, 
depth to rock. 

Severe: 
large stones, 
slope. 

Severe: 
slope, 
small stones, 
depth to rock. 

Moderate: 
slope. 

Severe: 
slope, 
depth to rock. 

Severe: 
slope, 
depth to rock. 

Severe: 
slope. 

Severe: 
slope, 
depth to rock. 

Bucklebar------------ Slight--------------- Slight--------------- Moderate: 
slope. 

Sonoita-------------- Slight---------------lSlight--------------- Moderate: 

Continental---------- Moderate: 
peres slowly. 

7*: 
Carnero-------------- Slight---------------

Santa Fe------------- Severe: 
depth to rock. 

8--------------------- Severe: 
Conger cemented pan. 

See footnote at end of table. 

: slope. 
I 
I 

:Moderate: 
: perc s slowly. 
I 
I 
I 

I 

:Moderate: 
I peres slowly. 
I 
I 
I 
I 

Slight--------------- I Severe: 
: slope. 

Severe: 
depth to rock. 

Severe: 
cemented pan. 

I 
I 

:severe: 
: slope, 
I depth to rock. 
I 
I 

:severe: 
small stones, 
cemented pan. 

I 
I 
I 
I 
I 

Paths and trails 

l Slight. 
I 
I 
I 

Moderate: 
large stones. 

Severe: 
' slope. 

Severe: 
slope. 

Slight. 

Severe: 
slope. 

Slight. 

Slight. 

I Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

,Slight. 
I 
I 

: 
I 
I 



Grant County, New Mexico, Central and Southern Parts 99 

TABLE 4.--RECREATIONAL DEVELOPMENT--Continued 

Soil name and 
map symbol 

Camp areas Picnic areas Playgrounds Paths and trails 

i 
I 
I 
I 
I 9*: : 

I 
I 

I I 
I I 

Conger--------------- I Severe: :severe: !Severe: !Slight. 
I cemented pan. I cemented pan. I small stones, I 

i cemented pan. I 
I I I 

I t I I 

Stellar--------------ISlight---------------ISlight---------------ISlight---------------ISlight. 
I I I I 
I 1 I I 

10*: : : : : 
Continental----------lModerate: !Moderate: !Severe: !Slight. 

I peres slowly. l peres slowly. I peres slowly. I 
I I I t 
l J I I 

Nickel---------------:Moderate: !Moderate: !Severe: !Slight. 
I slope, I slope, I slope, I 
I small stones. I small stones. I small stones. I 
I 
I 

11 * : : 
I 
I 
I 
I 

I 
I 
I 
I 

Oagflat--------------lModerate: I Moderate: Severe: :severe: 
I dusty. I dusty. slope. I erodes I I 

I I 
I I 

easily. 

Santa Fe------------- Severe: 
slope, 

:severe: Severe: !Moderate: 

depth to rock. 

12*: 
Encierro------------- Severe: 

slope, 
depth to rock. 

Rock outcrop. 

13*: 
Encierro-------------ISevere: 

slope, 
depth to rock. 

Rock outcrop. 

14*: 
Gaddes--------------- Moderate: 

slope, 
small stones. 

Ruidoso-------------- I Moderate: 
peres slowly. 

15*: : 
Gaddes---------------:severe: 

l slope. 
I 
I 
I 
I 

Santa Fe-------------ISevere: 
slope, 

Rock outcrop. 
I 
I 

depth to rock. 

16--------------------lSevere: 
Gila Variant : floods. 

I 
I 

17--------------------:severe: 
Guy slope, 

large stones. 

See footnote at end of table. 

I slope, I 

' depth I 
I 
I 
I 

' :severe: 
I slope, I 
I depth I 
I 
I 
I 
I 
I 
I 
I 
I 

:severe: 

I 
I 

slope, 
depth 

to 

to 

to 

I Moderate: 
I slope, 

rock. 

rock. 

rock. 

1 small stones. 
I 

' !Moderate: 
.l peres slowly. 

I 
I 
I 
I 

:severe: 
l slope. 

I 
I 
I 
I 

Severe: 
slope, 
depth to rock. 

ISlight---------------
1 
I 

I 
I 

:severe: 
slope, 
large stones. 

slope, 
depth to rock. 

Severe: 
slope, 

I depth to rock. I 
I 
I 
I 

' I 
I 
I 
I 

:severe: 

I 
I 

slope, 
depth 

Severe: 
slope, 

to rock. 

small stones. 

Moderate: 
slope, 
peres slowly. 

:severe: 
I slope, 
I small stones. 

Severe: 
slope, 
depth to rock. 

Moderate: 
slope, 
floods. 

Severe: 
large stones, 
slope. 

slope. 

I 
I 

!Moderate: 
slope. 

I 
I 

!Severe: 

I 
I 

slope. 

I Slight. 
I 
I 

I 
I 

l Slight. 
I 
I 
I 
I 
I 
I 
I 
I 

!Severe: 
: slope. 
I 
I 
I 
I 

:severe: 
slope. 

Slight. 

Severe: 
large stones, 
slope. 
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TABLE 4.--RECREATIONAL DEVELOPMENT--Continued 

18*: 

Soil name and 
map symbol 

Camp areas 

Guy------------------ Moderate: 
slope, 
small stones. 

Lonti---------------- Moderate: 
slope, 
small stones. 

19-------------------- Severe: 
Haverson floods. 

20*: 
Hondale-------------- Severe: 

floods. 

Verhalen------------- Severe: 
floods. 

21-------------------- Severe: 
Jonale slope. 

22.: 
Judd----------------- Moderate: 

slope, 
peres slowly. 

Manzano-------------- Moderate: 
small stones. 

23*: 
Lehmans-------------- Severe: 

Lithic Haplargids. 

24.: 
Lithic Haplargids. 

Rock outcrop. 

depth to rock. 

25-------------------- Severe: 
Lonti slope. 

26-------------------- Moderate: 
Lonti small stones, 

peres slowly. 

27*; I 

Lonti---------------- Moderate: 
slope, 
small stones. 

Denver Variant------- Severe: 
peres slowly. 

28*: 
Lonti---------------- Moderate: 

slope, 
small stones. 

Manzano-------------- Severe: 
floods. 

See footnote at end of table. 

Picnic areas 

Moderate: 
slope, 
small stones. 

,Moderate: 
: slope, 
: small stones. 
I 

I 
I 

Playgrounds 

:severe: 
: slope, 
: small stones. 
I 
I 

:severe: 
: slope, 

small stones. 

Paths and trails 

Moderate: 
dusty. 

Slight. 

I I 

:slight--------------- Slight---------------:Slight. 
I I 
I I 

Severe: 
peres slowly. 

Moderate: 
too clayey, 
peres slowly. 

Severe: 
slope. 

Moderate: 
slope, 
peres slowly. 

Moderate: 
: small stones. 
I 
I 
I 
I 

Severe: 
depth to rock. 

Severe: 
slope. 

Moderate: 
small stones, 
peres slowly. 

Moderate: 
slope, 

, small stones. 
I 
I 

:severe: 
: peres slowly. 
I 
I 
I 
I 

:Moderate: 
: slope, 
: small stones. 
I 
I 

I 
I 

Severe: 
peres slowly. 

Moderate: 
too clayey, 
peres slowly, 

:severe: 
: slope. 
I 
I 
I 
I 

:severe: 
: slope. 
I 
I 
I 
I 

:severe: 
small stones. 

I 
I 

:.severe: 
slope, 
small stones, 
depth to rock. 

,severe: 
slope, 
small stones. 

Severe: 
small stones. 

Severe: 
slope, 
small stones. 

Severe: 
peres slowly. 

Severe: 
slope, 
small stones. 

:slight---------------,Moderate: 
: : slope. 
I 
I 

I 
I 
I 
I 

:slight. 
I 
I 
I 
I 

:Moderate: 
too clayey. 

I 
I 
I 
I 
I 
I 

Severe: 
slope. 

Severe: 
erodes easily. 

Slight. 

:Slight. 
I 
I 
I 
I 

Severe: 
slope. 

Slight. 

Moderate: 
dusty. 

Severe: 
erodes easily. 

:Moderate: 
: dusty. 
I 
I 
I 
I 

:Slight, 
I 
I 
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TABLE q,--RECREATIONAL DEVELOPMENT--Continued 

Soil name and 
map symbol 

I 
I 
I 

Camp areas 

29*: : 
Lonti----------------ISevere: 

I slope. 
I 
I 

• I 

Ustorthents. I 
I 
I 

30--------------------ISevere: 
Luzena I slope, 

I small stones, 
I depth to rock. 
I 
I 

31 *: : 
Luzena---------------ISevere: 

slope, 
depth to rock. 

Rock outcrop. 
I 
I 

32--------------------ISevere: 
Manzano I floods. 

I 
I 

33--------------------ISevere: 
Manzano I floods. 

I 
I 

3q*: l 
Manzano-------------- I Moderate: 

I peres slowly, 
I dusty. 
I 
I 
I 
I 

Ruidoso-------------- I Moderate: 
I peres slowly. 
I 
I 
I 
I 

35*: I 
Mimbres-------------- I Severe: 

I floods. 

I 
Arizo----------------ISevere: 

floods. 

I 
I Riverwash. 
I 

' 36--------------------ISevere: 
Muzzler slope, 

1 large stones, 
I depth to rock. 
I 
I 

37 1 : I 
Muzzler--------------ISevere: 

slope, 

I 

' Rock outcrop. I 
I 
I 

381 : : 

depth to rock. 

Nickel---------------l Moderate: 
I slope, 
I small stones. 
I 
I 

Upton---------------- I Severe: 
I cemented pan. 
I 
I 

I 

See footnote at end of table. 

I 
I 
I 
I 
I 
I 

Picnic areas 

I Severe: 
I slope. 
I 
I 
I 
I 
I 
I 
I 
I 

I Severe: 
slope, 

1 small stones, 
l depth to rock. 
I 
I 
I 
I 

:severe: 
slope, 
depth to rock. 

I 
I 
I 
I 
I 
I 

Playgrounds 

I Severe: 
I slope, 
I small stones. 
I 
I 
I 
I 
I 

I Severe: 
slope, 

1 small stones, 
l depth to rock. 
I 
I 
I 

I Severe: 
slope, 
small stones, 
depth to rock. 

I 
I 

Paths and trails 

I Moderate: 
slope, 
dusty. 

I 
I 
I 
I 

:severe: 

I 
I 
I 
I 
I 
I 
I 
I 

small stones. 

I Moderate: 
slope. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I 

ISlight-------------~-ISlight---------------lSlight. 
I I I 
I I I 
I I 
I I 

ISlight---------------IModerate: 
I I slope. 
I I 
I I 
I I 
I I 

!Moderate: !Moderate: 
I perc s slowly, I slope, 
I dusty. I peres slowly, 
I I dusty. 
I I 
I I 

!Moderate: !Moderate: 
I peres slowly. I slope, 
I I peres slowly. 
~ I 
I I 
I I 

!Moderate: :severe: 
I floods, I floods. 
I dusty. I 
I I 
I .I 

!Moderate: /Moderate: 
floods. ~lope, 

I 
I Severe: 

slope, 
I l·arge stones, 
1 depth to rock. 
I 
I 

I 
:severe: 
I slope, 
I depth to rock. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

!Moderate: 
I slope, 
I small stones. 
I 
I 

:severe: 
cemented pan. 

I 
I 

small stones. 

I Severe: 
large stones, 

1 slope, 
I depth to rock. 
I 
I 

I 
:severe: 

I 
I 

large stones, 
slope, 
depth to rook, 

:severe: 
I slope, 
I small stones. 
I 
I 

I Severe: 
small stones, 
cemented pan. 

I 
I Slight. 
I 
I 

I 
I 
I 

I Moderate: 
I dusty. 
I 
I 
I 
I 
I 
I 

I Slight. 
I 
I 

: 
I 
I 
I 

I Severe: 
I erodes easily. 
I 
I 
I 
I 

/Moderate: 
floods. 

I 
I 

:severe: 
I large stones, 
1 slope. 
I 
I 
I 

I 
:severe: 

I 
I 

I 

slope. 

I Moderate: 
I small stones. 
I 
I 
I 
I 

I Moderate: 
dusty. 

101 
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TABLE 4.--RECREATIONAL DEVELOPMENT--Continued 

39*: 

Soil name and 
map symbol 

Camp areas 

Oro Grande----------- Severe: 
depth to rock. 

Rock outcrop. 

40*: 
Oro Grande----------- Severe: 

l slope, 

Rock outcrop. 

41*. 
Orthents 

l depth to rock. 
' ' ' ' ' ' ' ' ' ' ' ' 42--------------------lModerate: 

Paymaster l slope, 
l small stones. 
' ' 43.: l 

Paymaster------------lSevere: 
floods. 

Ellicott------------- Severe: 
floods, 
too sandy. 

44*: 
Paymaster------------ Severe: 

floods. 

Ellicott------------- Severe: 

45*: 

' floods, 
too sandy. 

Paymaster------------ Severe: 
floods. 

Ellicott------------- Severe: 
floods, 
too sandy. 

Manzano-------------- Severe: 
floods. 

46*: 
Pits. 

Dumps. 

' 47-------------------- Severe: 
Plack cemented pan. 

48*: 
Plack Variant-------- Severe: 

depth to rock. 

Guy------------------ Moderate: 
small stones. 

See footnote at end of table. 

Picnic areas 

Severe: 
depth to rock. 

Severe: 
slope, 
depth to rock. 

Moderate: 
slope, 
small stones. 

Playgrounds 

Severe: 
large stones, 
small stones. 

Severe: 
large stones, 
small stones. 

Severe: 
slope, 
small stones. 

' ' ' ' l 
' ' l 

Paths and trails 

Severe: 
large stones. 

Severe: 
large stones, 
slope. 

l 
lSlight. 
' ' l 
' ' ' ' ' Slight---------------'Slight---------------lSlight. 

,severe: 
too sandy. 

Severe: 
small stones, 
floods. 

Slight--------------- Moderate: 
slope. 

Severe: 
too sandy. 

Severe: 
small stones, 
floods. 

Slight--------------- Moderate: 
l slope. 

Severe: 
too sandy. 

' I 
!Severe: 
l small stones, 
l floods. 

Severe: 
too sandy. 

Slight. 

' I 
!Severe: 
l too sandy. 
' ' ' I 
' I 
l Slight. 
' ' ' I 
!Severe: 
l too sandy. 
I 
I 

' ' I I 

Slight---------------lSlight---------------lSlight. 

Severe: 
cemented pan. 

Severe: 
depth to rock. 

Moderate: 
small stones. 

' I 

Severe: 
cemented pan. 

!Severe: 
l small stones, 
l depth to rock. 
' I 
!Severe: 

small stones. 

' I 
' I 
' I 
' I 
' I 
' I 
' I 
l Slight. 
' I 
' I 
l Slight. 

' I 
!Moderate: 

dusty. 



Grant County, New Mexico, Central and Southern Parts 

TABLE q,--RECREATIONAL DEVELOPMENT--Continued 

Soil name and 
map symbol 

Camp areas 

I 
I 
I 

q9•: I 
Plack Variant--------ISevere: 

I slope, 
I depth to rock. 
I 
I 
I 
I 

Guy------------------ I Severe: 
I slope, 
I large stones. 

so•. 
River wash 

51 1 : 

Rock outcrop. 
I 
I 

Graham--------------- I Severe: 
slope, 
depth to rock. 

521 : 
Rock outcrop. I 

I 
I 
I 

Lithic Ustorthents. I 

53 1 : 
Rock outcrop. 

I 
I 
I 
I 
I 
I 
I 

Luzena---------------ISevere: 

sq•: 
Rock outcrop. 

I slope, 
I depth to 
I 
I 
I 
I 

I 
I 
I 

I 
Muzzler--------------ISevere: 

I slope, 
I depth to 
I 
I 
I 
I 

55--------------------IModerate: 

rock. 

rock. 

R~idoso peres slowly. 
I 
I 
I 
I 

56 1 : I 
Ruidoso-------------- I Moderate: 

I peres slowly. 
I 

Muzzler--------------ISevere: 

I 
I 

depth to rock. 

Picnic areas 

I 
I 
I 
I 
I 

!Severe: 
I slope, 
I depth to rock. 
I 
I 
I 

I Severe: 
I slope, 
I large stones. 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

:severe: 
slope, 
depth to rock. 

I 
I 

:severe: 

I 
I 
I 
I 

slope, 
depth to 

\Severe: 
I slope, 

rock. 

I depth to rock. 
I 
I 
I 

I Moderate: 
peres slowly. 

' I 
I 
I 
I 
I 

\Moderate: 
I peres slowly. 
I 
\Severe: 

depth to rock. 

Playgrounds 

I 
I 
I 
I 
I 

:severe: 
I slope, 
I small stones, 
I depth to rock. 
I 
I 

:severe: 

I 
I 
I 
I 
I 
I 

I 

large stones, 
slope. 

\Severe: 
slope, 
depth to rock. 

I 
I 

\Severe: 
I slope, 
I small stones, 
I depth to rock. 
I 
I 

I 
I 
I 
I 

\Severe: 
I large stones, 
I slope, 
I depth to rock. 
I 
I 

\Moderate: 
I slope, 
1 peres slowly. 
: 
I 
I 

:severe: 
I slope. 
I 
I 

;severe: 
I large stones, 
I slope, 
I depth to rock. 
I 

57 1 : I I I 
Sampson--------------ISlight---------------ISlight---------------ISevere: 

I I I slope. 
I I I 
I I I 

Dagflat--------------ISlight---------------ISlight---------------ISevere: 
I I I slope. 
I I I 
I I I 

sa•: : : 1 
Sanloren------------- I Moderate: I Moderate: :Moderate: 

peres slowly. peres slowly. slope, 
peres slowly. 

See footnote at end of table. 

Paths and trails 

I 

: 
I 
I 

\Severe: 
slope. 

I 
I 

:severe: 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

slope. 

I Moderate: 
slope. 

I 
I 

I 
\Severe: 

I 
I 

I 
I 
I 

slope. 

\Severe: 
I slope. 
I 
: 
I 
I 

i Slight. 
I 
I 
I 
I 

I 
I 
I Slight. 
I 
I 
I 
I 

\Moderate: 

I 
I 

large stones. 

I Slight. 
: 
I 
I 

I Severe: 
I erodes easily. 

I 
I 

I Severe: 
erodes easily. 

103 



104 

TABLE 4.--RECR~ATIONAL DEVELOP~ENT--Continued 

Soil name and 
map symbol 

58*: 
Majada Variant-'------

59*: 
Santa Fe-------------

Rock outcrop. 

60*, 61*: 
Santa Fe-------------

Rock outcrop. 

62--------------------
Santana 

63*: 
Santana--------------

Rock outcrop. 

64*: 
Santana--------------

Rock outcrop. 

65*: 

Camp areas 

Moderate: 
slope, 
large stones, 
peres slowly. 

Severe: 
depth to rock. 

Severe: 
slope, 
depth to rock. 

Severe: 
slope, 
depth to rock. 

Severe: 
depth to rock. 

Severe: 
slope, 
depth to rock. 

I 
I 
I 
I 

Stellar-------------- I Slight---------------
I 

Mohave--------------- Moderate: 
peres slowly. 

66*: 

Picnic areas Playgrounds 

Moderate: Severe: 
slope, large stones, 
large stones, slope. 
peres slowly. 

Severe: Severe: 
depth to rock. slope, 

depth to rock. 

,severe: Severe: 
slope, slope, 
depth to rock. depth to rock. 

Severe: Severe: 
slope, slope, 
depth to rock. depth to rock. 

Severe: Severe: 
I depth to rock. slope, 

depth to rock. 

I 
I 
I 
I 
I 
I 

severe: :severe: 
slope, slope, 
depth to rock. depth to rock. 

I 
I 
I 
I 

Slight--------------- I Slight---------------

Moderate: Moderate: 
peres slowly. slope, 

peres slowly. 

I 

Soil survey 

Paths and trails 

Moderate: 
large stones. 

Slight. 

Severe: 
slope. 

Moderate: 
slope. 

Severe: 
erodes easily. 

Severe: 
slope. 

Slight. 

Slight. 

Stellar-------------- Slight--------------- I Slight--------------- Slight--------------- Slight. 

Verhalen------------- Severe: 
floods. 

Mimbres-------------- Severe: 
floods, 
excess salt. 

67-------------------- Severe: 
Stirk Variant floods, 

peres slowly. 

68-------------------- Severe: 
Tesajo small stones. 

69*: 
Tesajo---------------,Moderate: 

i small stones. 
i 

See footnote at end of table. 

' I 
!Moderate: 
i too clayey, 
i peres slowly. 
I 
I 

Severe: 
excess salt. 

Severe: 
peres slowly. 

Severe: 
small stones. 

Moderate: 
small stones. 

Moderate: 
too clayey, 
peres slowly. 

Severe: 
, excess salt. 
I 
I 
I 
I 

:severe: 
i peres slowly. 
I 
I 
I 
I 

:severe: 
i slope, 
i small stones. 
I 
I 

i 
:severe: 

small stones. 

Moderate: 
too clayey. 

,severe: 
i erodes easily. 
I 
I 

I 
Slight. 

Severe: 
small stones. 

Slight. 
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TABLE 4.--RECREATIONAL DEVELOPMENT--Continued 

Soil name and 
map symbol 

69*: : 

Camp areas 

Manzano-------------- I Severe: 
: floods. 
' I 

70--------------------iModerate: 
Tres Hermanos : small stones. 

71*: : 
Tres Hermanos-------- Moderate: 

small stones. 

Lehmans-------------- Severe: 
depth to rock. 

72*: 

Picnic areas 

Moderate: 
small stones. 

Moderate: 
small stones. 

Moderate: 
small stones. 

Severe: 
depth to rock. 

Playgrounds 

Severe: 
small stones. 

Severe: 
small stones. 

Severe: 
small stones. 

Severe: 
slope, 
small stones, 
depth to rock. 

Tres Hermanos-------- Slight--------------- Slight--------------- Moderate: 
slope. 

Upton---------------- Severe: 
cemented pan. 

I 
I 

73*: : 
White House---------- Slight---------------

Ruidoso-------------- Moderate: 
peres slowly. 

Severe: 
cemented pan. 

Severe: 
, small stones, 
i cemented pan. 

I 
I 

Slight--------------- I Moderate: 
: slope, 

Moderate: 
peres slowly. 

i small stones, 
: peres slowly. 
I 
I 

I Moderate: 
: slope, 
i peres slowly. 
I 
I 

Paths and trails 

Slight. 

Slight. 

Slight. 

Slight. 

,Slight. 
I 
I 
I 
I 

'Moderate: 
dusty. 

Slight. 

Slight. 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 5.--WILOLIFE liABITAT 

[See text for Qefinitions of "good," "fair," "poor, " and "very poor. " Absence of an entry indicates that the 
soil was not rated] 

Potentiai I f'or habitat elements I Potential as habitat f'or--
Soil name and I Wild I I I Open- Wood- Range-I I I I 

map symbol Grain I Grasses herba- Con if- Shrubs :wetland'Shallow: land land Wetland land 
and seed: and ceo us erous I plants water wild- wild- wild- wild-
crops I legumes plants plants I areas life life life life I 

I I 
I I 
I I 

I 

1 *: I I 
I I 

Abrazo------------ Very Very I Fair Fair 'Very Very Poor Very Fair. 
I poor. poor. poor. poor. poor. 

I 
I 

Luzena------------ Poor Poor I Fair Fair Very Very Poor Poor Very Fair. 
poor. poor. poor. 

2*: I I 
I I I 

Abrazo------------ Very Very I Fair Fair Very Very Poor :very Fair. 
poor. poor. I poor. poor. poor. I 

I 
I 

Luzena------------ Very Very I Fair Fair Very Very Very Very Fair. 
poor. poor. poor. poor. poor. poor. 

I 
I 

3------------------,Very Very I Poor Poor Very Very Very Very Poor. 
Anthony poor. poor. poor. poor. poor. poor. 

I 
I 

4------------------ Very Poor 'Fair Fair Very Very Poor Very Fair. 
Boy sag poor. poor. poor. poor. I 

I 
I 

5*: I 
I 

Boy sag------------ Very Poor Fair Fair Very Very Poor Very I Fair. 
poor. poor. poor. poor. 

I 

Abrazo------------ Very Very Fair Fair Very :very Poor Very Fair. 
poor. I poor. poor. I poor. poor. I 

I 
I 

Santana----------- Very Very Poor Poor Very :very Very Very Poor. 
poor. poor. poor. I poor. poor. poor. I 

I 
I 

6*: I 
I I 

Bucklebar--------- Very Very Poor Poor Very :very Very 'Very Pc;>or. 
poor. poor. poor. I poor. poor. poor. I 

I 
I 

Sonoita----------- Very Very ,Fair Fair Very :very Very Very Fair. 
poor. poor. poor. I poor. poor. poor. I 

I I 
I I 

Continental-------,Very Very 'Poor ,Fair Poor :very Very Very Poor. 
poor. poor. I poor. poor. poor. I I 

I I 
I I 

7*: I I 
I I 

Car nero----------- Poor I Fair Fair Poor Poor Very Fair Very ,Poor. 
I poor. poor. I 
I I 
I I 

Santa Fe---------- Very :very Fair Fair Fair Very Very Poor Fair Very I Fair. 
poor. I poor. poor. poor. poor. I 

I I 
I I I 
I I I 

8------------------:Poor I Poor Fair Very Fair Very Very Poor Poor Very :Fair. 
Conger poor. poor. poor. poor. I 

I 
I I 
I I 

9*: I I 
I I 

Conger------------ I Poor Poor Fair Very Fair Very Very Poor Poor Very I Fair. 
poor. poor. poor. poor. 

I 
I 

Stellar----------- Very Very Poor Poor Very Very Poor Very I Poor. 
poor. poor. poor. poor. poor. 

10*: I I I 
I I I 

Continental------- Very :very Poor Fair Poor Very Very :very I Poor. 
poor. I poor. poor. poor. I poor. I 

I I I 
I I I 
I I I I 

Nickel------------ Very :very I Poor Poor :very Very Very :very I Poor. 
poor. I poor. I poor. poor. poor. I poor. I I I 

I I 
I I 

See footnote at end of table. 
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TABLE 5.--WILDLIFE HABITAT--Continued 

Potent{al l'or liab{tat elements I Potential as habitat l'or--' Soil name and wna I I Open- Wood- Range-I I 

map symbol Grain Grasses herba- Con if- I Shrubs Wetland Shallow: land land Wetland land 
and seed and ceo us erous plants water wild- wild- wild- wild-
crops legumes plants plants areas life life life life 

1 1.: 
Dagflat----------- Very Very Fair Fair Poor Very Poor Very Fair. 

poor. poor. poor. poor. 

Santa Fe---------- Very Very Fair Fair Fair Very Very Poor Fair Very Fair. 
poor. poor. poor. poor. poor. 

12*' 1 3*: 
Encierro---------- Very Very Poor Poor Very Very Very Very Poor. 

poor. poor. poor. poor. poor. poor. 

Rock outcrop. 

14*: 
Gaddes------------ Poor Poor Fair Fair Very Very Poor Very Fair. 

poor. poor. poor. 

Ruidoso----------- Poor Poor Good Fair Very Very Fair Very Fair. 
poor. poor. poor. 

15*: I 

Gaddes------------ Poor Poor Fair Fair Very Very Poor Very :Fair. 
poor. poor. poor. I 

I 
I I 
I I 

Santa Fe---------- Very ,very Fair Fair Fair Very :very Poor Fair Very lFair. 
poor. I poor. poor. I poor. poor. I 

I I I 
I I I 
I I 

Rock outcrop. I I 
I I 
I I 
I I 

16----------------- Good lGood Good Good Poor Very lGood Very lGood. 
Gila Variant poor. poor. 

I 
I 

17----------------- Poor 'Fair Fair Fair 1Very Very Poor Very Fair. 
Guy poor. poor. poor. 

18*: 
Guy--------------- Poor Fair Fair Fair Very Very Poor ,very Fair. 

poor. poor. I poor. I 
I 
I 

Lonti------------- Poor Poor Fair Fair Very Very Poor :very Fair. 
poor. poor. I poor. I 

I I 
I I 

19----------------- Fair Fair Fair Fair Poor Very Fair :very :Fair. 
Haver son poor. poor. 

20*: 
Hondale----------- Very Very Poor Poor Very Very 'Very Very Poor. 

poor. poor. poor. poor. poor. poor. 
I 
I 

Verhalen---------- Poor Poor ,Fair Poor lPoor Poor Poor Poor Poor. 
I 
I 

21----------------- Poor Fair Fair Good :very Very Fair Very Fair. 
Jon ale I poor. poor. I poor. I 

I I 
I I 

22*: I ' I I 

Judd-------------- Poor Fair Fair Fair 'Poor Very Fair :very Fair. 
poor. I poor. I 

I 
I 

Manzano----------- Poor Fair Fair Poor Poor Poor Fair lPoor Poor. 

23*: ' I 
Lehmans----------- Poor Poor Fair Fair Very Very Poor :very Fair. 

poor. poor. I poor. I 
I 
I 

Lithic Haplargids. I 
I 

See footnote at end of table. 
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TABLE 5.--WILDLIFE HABITAT--Continued 

Potentia! for habitat eiements I Potential as habitat for--I 

Soil name and I I wna I I I I I Open- Wood- I I Range-I I I I I I I I I 

map symbol Grain !Grasses I herba- :Con if- !Shrubs :wetland I Shallow: land land :Wetland: land I 

and seed! and I ceo us I erous !plants water I wild~ wild- wild- wild-I I I 

crops !legumes I plants !plants I I areas I life life life life I I I I 
I I I 
I I I 
I I I 

24*: I I I 
I I 

Lithic Haplargids. I I I 
I I I 
I I I 
I I I 

Rock outcrop. I I I I 
I I I I 
I I I I I 
I I I I I 

251 26-------------,Poor Poor Fair !Fair IVery :very Poor Very !Fair. 
Lonti I I poor. I poor. poor. I I 

I I 
I I 

27*: I I I 

Lonti------------- Poor Poor Fair !Fair :very Very Poor Very Fair. 
I I poor. poor. poor. I I 
I I 
I 

Denver Variant---- Very Very Good !Good Poor Very Poor Very Good. 
poor. poor. poor. poor. 

I 

28*: I 
I 

Lonti------------- Poor Poor Fair Fair Very IVery Poor Very Fair. 
poor. I poor. poor. I 

I 
I 

Manzano----------- Poor Fair Fair Poor Poor !Poor Fair Poor Poor. 
I 
I 

29*: I 
I 

Lonti------------- Poor Poor Fair Fair Very :very Poor Very I Fair. 
poor. poor. poor. 

Ustorthents. 
I 

30----------------- Poor Poor !Fair Fair Very Very Poor Very Fair. 
Luzena I poor. poor. poor. I 

I 
I 

31*: I 
I 

Luzena------------ Poor Poor Fair !Fair IVery Very Poor ,very Fair. 
I poor. poor. poor. I 
I 
I 

Rock outcrop. I 
I 
I I 
I I 

32, 33------------- Good Good Good Fair !Fair Fair ,Good Fair· !Fair. 
Manzano 

I 
I 

34*: I 
I 

Manzano----------- Poor Poor Good Fair Poor Very Fair Very !Fair. 
I poor. poor. I 
I 
I 

Ruidoso-----------' Poor· Poor 'Good Fair Very Very Fair Very Fair. 
poor. poor. poor. 

35*: 
Mimbres----------- Very Very Poor Poor Very Very Very Very Poor. 

poor. poor. poor. poor. poor. poor. 

Arizo------------- Very Very Poor Poor Very Very Very Very Poor. 
poor. poor. poor. poor. poor. poor. 

Riverwash. I 
I I 
I I 
I I 

36----------------- Very Very Fair Fair IVery IVery Poor ,very Fair. 
Muzzler poor. poor. I poor. I poor. I poor. I I I 

I I I 
I I I 

37*: I I I I 
I I I 

Muzzler-----------,Very Very ,Fair ,Fair :very :very !Poor IVery ,Fair. 
I poor. poor. I poor. I poor. I poor. 
I I I I 

I I I I 
I I I I 

Rock outcrop. I I I I 
I I I 
I I I I 
I I I 

See footnote at end of table. 
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TABLE 5. --WILDLIFE HABITAT--Continued 

Potential for habitat eiements I Potentia! as habitat for--I 
Soil name and I Wild I I I I Open- Wood- Range-I I I I I 

map sy:nbol I Grain Grasses herba- :Con if- :Shrubs :wetland Shallow' land land Wetland land I 

:and seed and ceo us I erous I plants water wild- wild- wild- Wild-I 

crops legumes plants I plants I areas life life life life I 
I 
I 
I 
I 

51*: ' I Rock outcrop. I 

' I 

' I 

Graham------------ Poor Poor Fair 'Fair Very :very ,Poor Very Fair. 
poor. I poor. poor. I 

I 

' 52*: ' Rock outcrop. 

Lithic 
Ustorthents. 

53*: 
.Rock outcrop. 

Luzena------------ Very Very Fair Fair ,very ,very Very ,very Fair. 
poor. poor. I poor. I poor. poor. I poor. ' I ' I I 

' ' 54*: I I 
I ' Rock outcrop. I I 

' ' I I 
I ' Muzzler----------- Very Very Fair Fair :very Very Poor 'Very Fair. 

poor. poor. I poor. poor. poor. I 

55----------------- Fair Good Good Fair Poor Very ,Fair Poor Fair. 
Ruidoso poor. 

56*: I 

' I 

Ruidoso----------- Poor Poor 'Good Fair Very Very I Fair Very Fair. 
poor. poor. I poor. I 

I 

' ' Muzzler----------- Very Very Fair Fair Very Very I Poor Very Fair. 
poor. poor. poor. poor. I poor. ' I 

' 57*: I 

' Sampson----------- Fair Fair Fair Fair Poor Very 'Fair Very Fair. 
poor. poor. 

Oagflat----------- Very Very Fair Fair Poor Very Poor Very Fair. 
poor. poor. poor. poor. 

' 58*: I 

' San loren---------- Poor Poor Good I Fair Poor Very Fair Very Fair. 
I poor. poor. ' I 
' Majada Variant----,Fair 'Good Good I Fair Poor Very Good Very I Fair. 
I poor. poor. ' I 

' 59*, 60*, 61*: ' ' Santa Fe---------- Very Very Fair Fair I Fair Very Very ,Poor Fair Very Fair. 
poor. poor. I poor. poor. poor. 

Rock outcrop. 
I 

' 62----------------- Very Very Poor Poor Very Very :Very Very Poor. 
Santana poor. poor. poor. poor. I poor. poor. ' I 

' 63*, 64*: I 

' Santana----------- Very :very Poor Poor Very Very :very Very Poor. 
poor. I poor. poor. poor. I poor. poor. ' I 

' Rock outcrop. ' ' I 
I 

65*: I I 
I ' Stellar----------- Very :very Poor Poor Very Very Very :very Poor. 

poor. I poor. poor. poor. poor. I poor. ' ' I I 

' ' Mohave------------ Poor :very Poor Poor Very Very Poor :very Poor. 
I poor. poor. poor. I poor. I I 

See footnote at end of table. 
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Soil name and 
map symbol 

66*: 

Grain 
and seed 
crops 

Stellar----------- Very 
poor. 

Verhalen---------- Poor 
I 

Mimbres-----------/Very 
: poor. 
' I 

67-----------------/Good 
Stirk Variant 

' I 
68-----------------/Poor 

Tesajo 

69*: ' I 
Tesajo------------lPoor 

' I 
Manzano----------- I Poor 

I 
I 

70-----------------/Very 
Tres Hermanos : poor. 

' I 
71 *: : 

Tres Hermanos-----/Very 
: poor. 
' I 

Lehmans-----------/Poor 

72*: : 
Tres Hermanos----- Very 

poor. 

Upton------------- Very 
poor. 

73*: 
White House------- Poor 

I 

Ruidoso-----------/Poor 

TABLE 5.--WILDLIFE HABITAT--Continued 

Potential for habitat elements Potential as habitat for--

I 

Grasses 
and 

legumes 

Very 
poor. 

Poor 

Very 
poor. 

/Good 

' I 
/Poor 

I 
I 

Poor 

Fair 

Very 
poor. 

Very 
poor. 

Poor 

Very 
poor. 

Very 
poor. 

/Poor 
' I 
' I 
/Poor 

Wild I I I Open- Wood- : : Range-
herba- Conif- :shrubs :wetland Shallow/ land land :Wetland: land 

ceous erous :plants water 
plants plants : areas 

Poor 

Fair 

,Poor 

' I 
/Fair 

' I 
/Good 
' I 
I 
I 

' I 
/Good 
I 
I 
I 
I 

/Fair 

Poor 

Poor 

Fair 

Poor 

Poor 

Fair 

Good 

Very 
poor. 

Poor 

Poor 

Poor 

Poor 

Fair 

Fair 

Poor 

Fair 

I 

/Fair 
' I 
I 
I 

/Fair 

' I 
'Fair 

Poor 

Fair 

Fair 

' I 
Very 

poor. 

Poor 

Very 
poor. 

Good 

Very 
poor. 

Very 
poor. 

/Poor 
I 
I 

/Poor 
' I 
I 
I 
I 
I 

/Poor 
' I 
I 
I 

/Very 
: poor. 
' I 
' I 
/Poor 
I 
I 
I 
I 

/Very 
: poor. 
' I 
I 
I 

/Very 
: poor. 
' I 
:very 
: poor. 

I 

' I 

Very 
poor. 

Poor 

Very 
poor. 

Good 

Very 
poor. 

:very 
: poor. 
I 
I 

/Poor 
' I 
/Very 
: poor. 
' I 
I 
I 

:very 
: poor. 
I 
I 

/Very 
: poor. 
I 
I 

' I 
:very 
: poor. 
' I 
:very 
: poor. 
I 
I 

' I 
/Very 
: poor. 
' I 
/Very 
: poor. 

wild- wild- wild- wild-
life life : life life 

I 
I 
I 
I 
I 
I 

:very 
I poor. 
' I 
/Poor 
' I 
/Very 
: poor. 
' I 
I Fair 

I 
I 

/Fair 
' I 
I 
I 

' I 
/Fair 

' I 
/Fair 
' I 
:very 

poor. 

Very 
poor. 

Poor 

'Very 
poor. 

I 

' I 

Very 
poor. 

Poor 

:Fair 

:very 
: poor. 

I 
I 
I 
I 
I 
I 

/Very 
: poor. 
' I 

' I 

Poor 

Very 
poor. 

Good 

:very 
: poor. 

Very 
poor. 

Poor 

Very 
poor. 

Very 
poor. 

Very 
poor. 

Very 
poor. 

'Very 
poor. 

Very 
poor. 

Very 
poor. 

' I 

Poor. 

Poor. 

Poor. 

Poor. 

/Fair. 

' I 
/Fair. 

' I 
/Poor. 
' I 
/Poor. 

' I 

Poor. 

Fair. 

/Poor. 
' I 
I 
I 

/Poor. 

' I 
/Fair. 
' I 
I 
I 

:Fair. 

* See description of the map unit for composition and behavior characteristics of the map unit. 



112 Soil survey 

TABLE 6.--BUILOING SITE DEVELOPMENT 

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"slight," "moder~te," and "severe." Absence of an entry indicates that the soil was not rated] 

Soil name and 
map symbol 

1 * . ' . ' 

Shallow 
excavations 

Abrazo-----------ISevere: 

Dwellings 
without 

basements 

Dwellings 
with 

basements 

' ' ' ' ' ' l : : 

Small 
commercial 
buildings 

:severe: :severe: :severe: 
I depth to rock. 1 shrink-swell. I depth to rock, I shrink-swell, 
I 

' I 
I 

Luzena-----------ISevere: 
depth to 

1 I shrink-swell. l slope. 
I I l 
:severe: :severe: :severe: 

rock. I shrink-swell, 1 depth to rock, l shrink-swell, 
depth to rock.l shrink-swell. I slope, 

I 
I 
I 

' I 

Local roads 
and streets 

:severe: 
I low strength, 
I shrink-swell. 

I 
I 

Lawns and 
landscaping 

I Severe: 
I large stones. 
' I 

' ' I I 

:severe: :severe: 
l depth to rock,l thin layer. 
: low strength. : I 

' ' ' I 

I : depth to rock. I 

' 2*. ' . ' 
Abrazo-----------ISevere: 

I depth to 
: slope. 
I 

' ' ' Luzena-----------lSevere: 

I 

' :severe: 
rock, I shrink-swell, 

I slope. 
' I 
' ' I Severe: 

l I 
: 1 
:severe: :severe: 

depth to rock,l shrink-swell, 
I slope, I slope. 
I shrink-swell. I 

Severe: 
' I 
I Severe: 

' I 
:severe: 
I low strength, 
I slope, 
I shrink-swell. 

I 
I 

: 
:severe: 
I large stones, 
I slope. 
' I 

I I 
I I 

!Severe: :severe: 
depth to rock,l slope, I depth to 

l slope. 
rock,l shrink-swell, 

I slope, 
I depth to rock. 

depth to 
slope, 
shrink-swell. 

rock,l shrink-swell, 
I slope, 1 low strength, thin layer. 

rock.l slope. I depth to 

3*: 
' ' I 

Anthony---------- Slight--------- I Severe: 

4*· ' ' I 

Boysag-----------:severe: 
l depth to 

slope. 

I floods. 

' I 
:severe: 

rock,l shrink-swell, 
I slope, 

Severe: 
floods. 

Severe: 
depth to rock, 

I slope, 

' I 
I 
I 

:severe: 
: floods. 

I 
I 

Severe: 
shrink-swell, 
slope, 

I 
I 
I 
I 

I Moderate: 
I floods. 

I 
I 
I 

' I Slight. 
: 

t I 
: I 
:severe: :severe: 

depth to rock,l slope, 
I low strength, thin layer. 

1 depth to 
I 

rock.l shrink-swell. depth to rock. I slope. 

5*: I ' ' 
I I 

' ' ' ' ' Boysag----------- Severe: Severe: :severe: Severe: :severe: :severe: 
depth to rock. shrink-swell, I depth to rock, 

depth to rock.l shrink-swell. 
shrink-swell, I depth to rock,: thin layer. 
slope, I low strength. I 

I 

' I depth to rock.l : 
I 

' I 

Abrazo----------- Severe: 
depth to 

:severe: 
rock.l shrink-swell. 

I 
I 
I 
I 

:severe: 
I depth to rock, 
I shrink-swell. 

Severe: 
shrink-swell, 
slope. 

Santana---------- Severe: 
depth to 

I Severe: 
rock. I depth to 

I 
I 

:severe: 
rock. I depth to 

:severe: 
rock. l slope, 

l depth to 
I 
I 

6*: ~ : l 
Bucklebar-------- Slight---------IModerate: !Moderate: :Moderate: 

rock. 

: shrink-swell. : shrink-swell. I shrink-swell. 
I I I 
I I I 

Sonoita---------- Slight---------lSlight---------ISlight---------lModerate: 
: : : : slope. 
1 I I I 
I l I I 

Continental------IModerate: :severe: :severe: :severe: 

7*: 

: too clayey. shrink-swell. shrink-swell. shrink-swell. 

I 
I 

' I I I 
I I 

Carnero---------- Severe: 
depth to 

:severe: 
rock.l shrink-swell. 

:severe: :severe: 
I depth to rock,l shrink-swell. 
I shrink-swell. I 

I I I 
I I I 

Santa Fe---------:severe: :severe: :severe: 
' ' :Severe: 

I I 
I I 

:severe: !Moderate: 
low strength, : slope, 
shrink-swell. : thin layer. 

' I 
Severe: :severe: 
depth to rock.l thin layer. 

Moderate: 
shrink-swell. 

I 

' I 
' l Slight. 
I 
I 
I 

• 
Slight--------- I Moderate: 

Severe: 
low strength, 
shrink-swell. 

Severe: 
low strength, 

: shrink-swell. 

: droughty. 
I 

' l Slight. 
I 

' I 

' ' ' I 
I 

!Moderate: 
I thin layer. 
' ' 1 : 

!Severe: !Severe: 
depth to rock.l depth to rock.: depth to rock.: slope, 

depth to 
: depth to rock.: thin layer. 

rock.; 

See footnote at end of table. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and 
map symbol 

Shallow 
excavations 

8----------------- Severe: 
Conger cemented pan. 

9*: 
Conger----------- Severe: 

cemented pan. 
' I 

Stellar---------- I Moderate: 
too clayey. 

10*: 
Continental------ Moderate: 

too clayey. 

I 
I 

Nickel-----------l Severe: 
small stones. 

11 *: : 

Dwellings 
without 

basements 

Moderate: 
cemented pan. 

,Moderate: 
cemented pan. 

Moderate: 
shrink-swell. 

Severe: 
shrink-swell. 

Moderate: 
slope. 

Dagflat----------:severe: 
: depth to 
: cutbanks 

Moderate: 
rock,l slope, 
cave.: depth to rock. 

I 
I 
I 
I 

Santa Fe---------:severe: 
: depth to 
: slope. 
I 
I 

12*' 13*: : 

I 
I 

' I 
:severe: 

rock,' slope, 
depth to rock. 

Dwellings 
with 

basements 

Severe: 
cemented pan. 

Severe: 
cemented pan. 

Moderate: 
shrink-swell. 

Severe: 
shrink-swell. 

,Moderate: 
: slope. 

Severe: 
depth to 

Severe: 
depth to 
slope. 

Severe: 

roc~. 

rock, 

Small 
commercial 
buildings 

Moderate: 
cemented pan. 

Moderate: 
cemented pan. 

Moderate: 
shrink-swell. 

Severe: 
shrink-swell. 

Severe: 
slope. 

Severe: 
slope. 

Severe: 
slope, 
depth to rock. 

Encierro---------:severe: 
depth to 
slope. 

rock, 
Severe: 
shrink-swell, 
slope, : 
depth to rock.: 

rock,: depth to 
slope, 
shrink-swell. 

Severe: 
shrink-swell, 
slope, 

Rock outcrop. 

14*: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

depth to rock. 

:severe: Gaddes----------- Moderate: 
depth to 
slope. 

Moderate: 
rock, shrink-swell, 

' slope. 
rock,: slope. 

Moderate: 
depth to 
slope, 
shrink-swell. 

Ruidoso---------- Moderate: 
too clayey. 

I 
I 

15*: : 
Gaddes-----------:severe: 

: slope. 
I 
I 

Moderate: Moderate: 
shrink-swell. 1 shrink-swell. 

Severe: 
slope. 

Severe: 
slope. 

Severe: Severe: 

I 
I 

I 
I 

I Moderate: 
shrink-swell, 
slope. 

I 
I 

Severe: 
slope. 

:severe: 

I 
I 
I 

Local roads 
and streets 

I Moderate: 
: cemented pan. 

Moderate: 
cemented pan. 

Moderate: 
low strength, 
shrink-swell. 

Severe: 
low strength, 
shrink-swell. 

Moderate: 
slope. 

Moderate: 

113 

Lawns and 
landscaping 

Severe: 
thin layer. 

Severe: 
thin layer. 

I Slight. 
I 
I 
I 
I 
I 
I 
I 
I 

I Slight. 

I 
I 
I 
I 

I Moderate: 
: small stones, 
: slope. 
I 
I 
I 
I 

I Moderate: 
depth to rock, l slope, 

I 
I 

slope, 
frost action. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
low strength, 
slope. 

Moderate: 
slope, 
shrink-swell. 

Severe: 
low strength. 

:severe: 
: slope. 
I 
I 

:severe: 

I 
I thin layer. 

Severe: 
thin layer. 

Severe: 
slope, 
thin layer. 

Moderate: 
small stones, 
large stones, 
slope. 

Slight. 

Severe: 
slope. 

Santa Fe---------:severe: 
depth to 
slope. 

rock, slope, depth to 
depth to rock., slope. 

rock,: slope, 
: depth to 

: depth to 
rock.: slope. 

:severe: 
rock,: thin layer. 

I 
I 

Rock outcrop. 

16---------------- Moderate: 
Gila Variant floods. 

17---------------- Severe: 
Guy slope. 

18*: 
Guy-------------- Severe: 

cutbanks cave. 

See footnote at end of table. 

,severe: 
floods. 

Severe: 
slope. 

Moderate: 
slope. 

I 
I 
I 
I 
I 
I 

:severe: 
: floods. 
I 
I 

:severe: 
: slope. 
I 
I 
I 
I 

I Moderate: 
slope. 

I 
I 
I 
I 

: 
Severe: 
floods. 

Severe: 
slope. 

Severe: 
slope. 

Severe: 
floods. 

Severe: 
slope. 

Moderate: 
slope. 

I 
I 

I Moderate: 
: floods. 
I 
I 

:severe: 
: slope. 
I 
I 
I 
I 

I Moderate: 
small stones, 
slope. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and 
map symbol 

18*: 

Shallow 
excavations 

Lonti------------ Moderate: 
too clayey, 
slope. 

Dwellings 
without 

basements 

Severe: 
shrink-swell,. 

19---------------- Slight--------- Severe: 
Haverson floods. 

20*: 
Hondale---------- Slight--------- Severe: 

floods, 

I 

Verhalen---------:severe: 

l shrink-swell. 
I 
I 

:severe: 
: cutbanks cave.\ floods, 

I 
I 

21----------------:severe: 
Jonale slope. 

22 1 : 

Judd------------- Moderate: 
slope. 

: shrink-swell. 
I 
I 

\Severe: 
l slope. 
I 
I 
I 
I 

\Moderate: 
: slope. 
I 
I 

Manzano----------\Slight---------\Moderate: 
: \ shrink-swell. 
I 
I 

23*: l I 
I 

:severe: Lehmans----------lSevere: 
depth to rock.\ shrink-swell, 

depth to rock. 

Lithic 
Haplargids. 

24 1 : 

Lithic 
Haplargids. 

Rock outcrop. , 
I 
I 

25----------------lSevere: 
Lonti slope. 

I 
I 

26----------------lModerate: 
Lonti too clayey. 

27*: : 
Lonti------------\Moderate: 

l too clayey, 
: slope. 
I 
I 

Denver Variant---\Moderate: 
too clayey. 

28*: l 
Lonti------------lModerate: 

too clayey, 
slope. 

See footnote at end of table. 

I 
I 
I 
I 

\Severe: 

I 

shrink-swell, 
slope. 

Severe: 
shrink-swell. 

Severe: 
shrink-swell. 

Severe: 
shrink-swell. 

Severe: 
shrink-swell. 

Dwellings 
with 

basements 

Severe: 
shrink-swell. 

Severe: 
floods. 

Severe: 
floods, 
shrink-swell. 

,severe: 
floods, 
shrink-swell. 

I 
I 

Severe: 
slope. 

'"loderate: 
slope. 

Moderate: 
shrink-swell. 

Severe: 
depth to rock, 
shrink-swell. 

\Severe: 
: slope, 
l shrink-swell. 

I 
I 
I 

Small 
commercial 
buildings 

Severe: 
shrink-swell, 
slope. 

Severe: 
floods. 

\Severe: 
l floods, 
: shrink-swell. 
I 
I 

\Severe: 
: floods, 
: shrink-swell. 
I 
I 

\Severe: 
: slope. 
I 

Severe: 
slope. 

Local roads 
and streets 

Severe: 
low strength, 
shrink-swell. 

Lawns and 
landscaping 

Moderate: 
small stones, 
slope. 

,Severe: Slight. 
low strength, , 
floods. 

Severe: Slight. 
low strength, 
shrink-swell. 

Severe: 
shrink-swell, 
low strength. 

Severe: 
slope. 

Moderate: 
slope. 

Severe: 
too clayey. 

Severe: 
slope. 

Moderate: 
slope. 

Moderate: \Severe: Slight. 
shrink-swell : low strength. 

Severe: 
shrink-swell, 
slope, 

I 
I 
I I 
I I 

\Severe: \Severe: 
l depth to rock,: thin layer. 
: low strength. 

depth to rock.: 

Severe: 
shrink-swell, 
slope. 

I 
I 
I 

Severe: 
low strength, 
slope, 
shrink-swell. 

Severe: 
slope. 

Severe: Severe: \Severe: Moderate: 
small stones. shrink-swell. 1 shrink-swell. 

Severe: 
, shrink-swell. 
I 
I 
I 
I 

\Severe: 
shrink-swell. 

I 
I 

:severe: 
shrink-swell. 

Severe: 
shrink-swell, 
slope. 

Severe: 
shrink-swell. 

Severe: 
shrink-swell, 
slope. 

\ low strength, 
l shrink-swell. 
I 
I 
I 
I 

\Severe: 
: low strength, 
\ shrink-swell. 
I 
I 

:Severe: 
l low strength, 
: shrink-swell. 
I 
I 
I 
I 

\Severe: 
low strength, 
shrink-swell. 

I 

:Moderate: 
: small stones, 
\ slope. 
I 
I 

\Slight. 
I 
I 
I 
I 

I 
I 

\Moderate: 
small stones, 
slope. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and Shallow Dwellings 
map symbol excavations without 

basements 

28*: 
Manzano---------- Slight--------- Severe: 

29*: I 

Lonti------------ Severe: 
slope. 

Ustorthents. 

30---------------- Severe: 
Luzena depth to 

slope. 

31 *: 
Luzena----------- Severe: 

depth to 
slope. 

Rock outcrop. 

floods. 

Severe: 
shrink-swell, 
slope. 

I 

:severe: 
rock,: shrink-swell, 

: slope, 
: depth to rock. 

. 
I 

:severe: 
rock,: shrink-swell, 

: slope, 
depth to rock. 

32, 33------------ Slight--------- Severe: 
Manzano floods. 

34*: 
Manzano---------- Slight--------- Moderate: 

shrink-swell. 

I 

Ruidoso---------- I Moderate: 
: too clayey. 
I 
I 

35*: : 
Mimbres---------- I Moderate: 

: floods. 

Moderate: 
shrink-swell. 

,severe: 
: floods. 
I 
I 
I 
I 

Ariza------------ Severe: :severe: 

Riverwash. 

cutbanks cave.: floods. 

. 
I 

36---------------- Severe: :severe: 
Muzzler depth to rock,: slope, 

Dwellings 
with 

basements 

Severe: 
floods. 

I 
I 
I 

:severe: 

. 
I 
I 
I 

slope, 
shrink-swell. 

:severe: 
depth to rock, 
slope, 
shrink-swell. 

Severe: 
depth to rock, 
slope, 
shrink-swell. 

:severe: 
floods. 

I 
I 
I 
I 

I Moderate: 
: shrink-swell. 

I 
I 

Moderate: 
shrink-swell. 

Severe: 
floods. 

Severe: 
floods. 

:severe: 

I 
I 
I 

Small 
commercial 
buildings 

Severe: 
floods. 

Severe: 
shrink-swell, 
slope. 

Severe: 
shrink-swell, 
slope, 
depth to rock. 

Severe: 
shrink-swell, 
slope, 
depth to rock. 

:severe: 
floods. 

I 
I 
I 
I 

I Moderate: 
shrink-swell. 

Moderate: 
shrink-swell. 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
slope, 

Local roads 
and streets 

Moderate: 
low strength, 
floods, 
frost action. 

Severe: 
low strength, 
slope, 
shrink-swell. 

I 
I 
I 

Lawns and 
land scapi ng 

Slight. 

Severe: 
slope. 

Severe: :severe: 
depth to rock,: small stones, 
low strength, : slope, 
slope. thin layer. 

Severe: 
depth to rock,: 
low strength, 
slope. 

I 
I 
I 
I 

Severe: 
slope, 
thin layer. 

Moderate: I Slight. 
low strength, 
floods, 
frost action. 

Moderate: 
low strength, 
frost action. 

Slight. 

:severe: Severe: 
: low strength. 

I 
I 

:severe: 
low strength, 
floods. 

I 
I 

thin layer. 

Severe: 
floods. 

Severe: 
floods. 

:severe: 

I 
I 

I I 
I I 

droughty, 
floods. 

:severe: :severe: 

large stones, : depth to rock,: 
depth to rock, 
slope, depth to rock,: 

large stones. 

depth to rock,i large stones, 
low strength, : slope, 

slope. large stones. 

37*: : 
Muzzler---------- Severe: :severe: 

depth to rock,: slope, 
large stones, : depth to rock, 
slope. : large stones. 

I 
I 

Rock outcrop. : 

38*: : 
Nickel-----------:severe: 

small stones. 

See footnote at end of table. 

. 
I 

I Moderate: 
slope. 

I 
I 

large stones. slope. thin layer. 

Severe: 
depth to 
slope, 

Severe: 
rock,, slope, 

I 
I 
I 
I 

:severe: 

large stones. 
: depth to rock,i 

large stones. 

depth to rock, 
low strength, 
slope. 

Moderate: 
slope. 

Severe: 
slope. 

I 
I 
I 
I 

I Moderate: 
slope. 

I 
I 

'Severe: 
large stones, 
slope, 
thin layer. 

Moderate: 
small stones, 
slope. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and 
map symbol 

Shallow 
: excavations 
I 
I 
I 
I 
I 
I 

38*: : 
Upton------------:severe: 

39*: 

: cemented pan. 
I 
I 
I 
I 

Oro Grande-------:severe: 

Rock outcrop. 

40*: 

depth to rock, 
large stones. 

Oro Grande------- Severe: 

Rock outcrop. 

41*. 
Orthents 

42----------------
Paymaster 

43*, 44*: 
Paymaster--------

depth to rock, 
large stones, 
slope. 

Severe: 
cutbanks cave. 

Severe: 
cut banks cave. 

Ellicott---------'Severe: 

I 
I 
I 
I 
I 
I 

Dwellings 
without 

basements 

:Moderate: 
cemented pan. 

Severe: 
depth to rock, 
large stones. 

Severe: 
slope, 
depth to rock, 
large stones. 

Moderate: 
slope. 

Severe: 
floods. 

,severe: 
cutbanks cave.: floods. 

45*: I 
I 

Paymaster-------- Severe: :severe: 
cutbanks cave.: floods. 

I 
I 
I 
I 

Ellicott--------- Severe: :Severe: 
I cut banks cave.: floods. 
I 
I 
I I 
I I 

Manzano----------:Slight--------- Severe: 
I floods. I 
I 
I 
I 
I 

46*: 
Pits. 

Dumps. 

47---------------- Severe: Moderate: 
Plack cemented pan. cemented pan. 

48*: 
Plack Variant---- Severe: Severe: 

depth to rock. depth to rock. 
I 

Dwellings 
with 

basements 

Severe: 
cemented pan. 

Severe: 
depth to rock, 
large stones. 

Severe: 
depth to rock, 
slope, 
large stones. 

Moderate: 
slope. 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
cemented pan. 

Severe:· 
depth to rock. 

Guy-------------- Severe: 
cutbanks cave. 

Slight---------:Slight---------

See footnote at end of table. 

, 
I 
I 
I 

Small 
commercial 
buildings 

Moderate: 
cemented pan. 

Severe: 
slope, 
depth to rock, 

' large stones. 

Severe: 
slope, 

I 
I 
I 
I 
I 
I 
I 
I 

Local roads 
and streets 

Moderate: 
cemented pan. 

I 
I 

Lawns and 
landscaping 

:severe: 
: thin layer. 
I 
I 
I 
I 

Severe: :severe: 
depth to rock,: large stones, 
large stones. : thin layer. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:severe: :severe: 
depth to 
slope, 

rock,: large stones, 
' slope, depth to rock,: 

large stones. large stones. thin layer. 

Severe: 
slope. 

I 

:severe: 
I floods. I 
I 
I 
I 
I 

:severe: 
I floods. I 

Severe: 
floods. 

Severe: 
floods. 

Severe: 
floods. 

I 

Moderate: 
slope, 
cemented pan. 

Severe: 
depth to rock. 

Moderate: 
slope. 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Moderate: Moderate: 
slope, small stones, 
frost action. slope. 

Moderate: Slight. 
floods, 
frost action. 

Severe: Severe: 
floods. droughty, 

floods. 

Moderate: Slight. 
floods, 
frost action. 

I 
I 

Severe: :Severe: 
floods. I droughty, I 

floods. 

Moderate: Slight. 
low strength, 
floods, 
frost action. 

Moderate: Severe: 
cemented pan. thin layer. 

Severe: ,Severe: 
depth to rock.: thin layer. 

I 
I 

Slight---------:Moderate: 
: small stones. 
I 
I 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and 
map symbol 

49*: 

I 
I 
I 
I 
I 

Shallow 
excavations 

I 
I 

Dwellings 
without 

basements 

Plack Variant----:severe: :Severe: 
rock,: slope, 

I 
I 
I 
I 
I 

Dwellings 
with 

basements 

:severe: 
l depth to rock, : depth to 

: slope. : depth to rock.: slope. 
I 
I 

Guy--------------:severe: 
cutbanks 

50*. 
Riverwash 

51*: 
Rock outcrop. 

Graham----------- Severe: 

I 
I 

:severe: 
cave.' slope. 

depth to rock, 
slope. 

I 
I 

:severe: 
slope. 

I 
I 

:severe: 
shrink-swell, 
slope, 

I 
I 
I 

Small 
commercial 
buildings 

Severe: 
slope, 
depth to rock. 

Severe: 
slope. 

:severe: 
shrink-swell, 

: slope, 

Severe: 
shrink-swell, 
slope, , 
depth to rock.l depth to rock.l depth to rock. 

52*: 
Rock outcrop. 

Lithic 
Ustorthents. 

53*: 
Rock outcrop. 

I 
I 

Luzena-----------lSevere: 
depth to 
slope. 

54*: 
Rock outcrop. 

I 
I 
I 
I 
I 
I 

:severe: 
rock,l shrink-swell, 

l slope, 
l depth to rock. 
I 
I 

I 
I 

Severe: 
depth to rock,: 
slope, l 
shrink-swell. 

I 
I 

Severe: 
shrink-swell, 
slope, 
depth to rock. 

Muzzler---------- Severe: :severe: Severe: :severe: 
depth to rock,l slope, depth to rock,l slope, 
large stones, : depth to rock, slope, 
slope. large stones. , large stones. 

55----------------lModerate: 
Ruidoso too clayey. 

56*: : 

Moderate: 
shrink-swell. 

Moderate: 
shrink-swell. 

' depth to rock, 
large stones. 

Moderate: 
shrink-swell, 
slope. 

Local roads 
and streets 

Severe: 
depth to rock, 
slope. 

I 

Severe: 
slope. 

Severe: 
depth to rock, 
low strength, 
slope. 

I 
I 
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Lawns and 
landscaping 

Severe: 
slope, 
thin layer. 

Severe: 
slope. 

Severe: 
slope, 
thin layer, 
too clayey. 

Severe: :severe: 
depth to rock,l slope, 
low strength, l thin layer. 
slope. 

I 
I 

Severe: :severe: 
depth to rock,l large stones, 
low strength, l slope, 
slope. l thin layer. 

I 
I 

:severe: l Slight. 

I 
I 

low strength. I 
I 

I 
I 
I 
I 

Ruidoso----------:Moderate: Moderate: Moderate: 
shrink-swell. 

Moderate: :severe: l Slight. 
: too clayey. shr ink-swe 11. 
I 
I I 
I I I 
I I I 

Muzzler----------lSevere: :severe: :severe: 
' depth to rock,l depth to rock, depth to rock, 

large stones. large stones. large stones. 

57*: : 

shrink-swell, l low strength. 
slope. 

Severe: 
slope, 
depth to rock, 
large stones. 

I 
I 

Severe: :severe: 
depth to rock,l large stones, 
low strength. : thin layer. 

Sampson---------- Slight---------lModerate: 
l shrink-swell. 
I 

Slight--------- Moderate: 
shrink-swell, 
slope. 

!Moderate: 
: low strength, 
: frost action. 

Slight. 

Dagflat---------- Severe: 

58*: 

depth to rock, 
cutbanks cave. 

Sanloren--------- Moderate: 
too clayey, 
large stones. 

See footnote at end of table. 

I 
I 

Moderate: 'Severe: 
depth to rock. depth to rock. 

Moderate: 
shrink-swell, 
large stones. 

Moderate: 
large stones. 

Moderate: 
slope, 
depth to 

I 
I 

!Moderate: 
l depth to rock, 

rock.l frost action. 

Moderate: 
thin layer. 

Moderate: 
shrink-swell, 
slope, 

Severe: :slight. 
low strength. 

large stones. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and Shallow Dwellings 
map symbol excavations without 

I basements I 
I 
I 
I 
I 

58*: I I 
I I 

Majada Variant---:severe: :severe: 
I large stones. large stones .. I 

59*: 
Santa Fe--------- Severe: Severe: 

depth to rock. depth to rock. 

Rock outcrop. 

60*' 61*: I 

Santa Fe---------:severe: Severe: 
depth to rock,: slope, 
slope. I depth to rock. I 

I 
I 

Rock outcrop. I 
I 
I 
I 

62---------------- Severe: :severe: 
Santana depth to rock,: slope, 

Dwellings 
with 

basements 

Severe: 
large stones. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 

Small 
commercial 
buildings 

I 
I 
I 
I 

:severe: 
I 
I , slope, 

large 

Severe: 
slope, 

stones. 

depth to rock. 

Severe: 
slope, 
depth to rock. 

Severe: 
slope, 

I 

Local roads 
and streets 

Severe: 
large stones. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 

slope. I depth to rock. slope. depth to rock.: slope. I 
I I 
I I 

63*: I I 
I I 

Santana---------- Severe: :severe: Severe: Severe: :severe: 
depth to rock.: depth to rock. depth to rock. slope, depth to rock. 

depth to rock. 

Rock outcrop. I 
I 
I 
I 

64*: I 
I I 

Santana---------- Severe: Severe: Severe: Severe: :severe: 
depth to rock, slope, depth to rock, slope, I depth to rock, I 

slope. depth to rock. slope. depth to rock.: slope. 

Rock outcrop. 

65*: 
Stellar---------- Moderate: 

too clayey. 
Moderate: Moderate: Moderate: 
shrink-swell. shrink-swell. 1 shrink-swell. 

Mohave----------- Slight--------- Moderate: 
shrink-swell. 

66 *: : 
Stellar----------:Moderate: 

: too clayey. 
I 
I 
I 
I 

Moderate: 
shrink-swell. 

Moderate: 
shrink-swell. 

Moderate: 
shrink-swell. 

Verhalen---------:severe: :severe: Severe: 
: cutbanks cave.: floods, 1 floods, 
I 
I 
I 

: shrink-swell. : shrink-swell. 
I 

~imbres----------:slight--------- Severe: 
floods. 

67---------------- Moderate: 
Stirk Variant too clayey. 

68---------------- Moderate: 
Tesajo : slope. 

Severe: 
floods, 
shrink-swell. 

:Moderate: 
: slope. 
I 
I 

69*: : : 
Tesajo-----------:Slight---------:severe: 

: : floods. 

See footnote at end of table. 

I 
I 

:severe: 
: floods. 
I 
I 

:Severe: 
: floods, 
: shrink-swell. 
I 
I 

:Moderate: 
: slope. 
I 
I 
I 
I 

:severe: 
floods. 

Moderate: 
shrink-swell. 

Moderate: 
shrink-swell. 

I 

:severe: 
: floods, 
: shrink-swell. 
I 
I 

:severe: 
: floods. 

Severe: 
floods, 
shrink-swell. 

Severe: 
slope. 

I 

:severe: 
floods. 

I 
I 
I 
I 
I 
I 

:Moderate: 
: low strength, 
: shrink-swell. 
I 
I 

:severe: 
: low strength. 
I 
I 
I 

Moderate: 
low strength, 
shrink-swell. 

Severe: 
shrink-swell, 
low strength. 

Severe: 
low strength. 

Severe: 
low strength, 
shrink-swell. 

Moderate: 
slope. 

Moderate: 
floods. 

Soil survey 

Lawns and 
landscaping 

Severe: 
1 large stones. 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 

Severe: 
thin layer. 

Severe: 
thin layer. 

Severe: 
slope, 
thin layer. 

Severe: 
thin layer. 

Severe: 
slope, 
thin layer. 

Slight. 

:Slight. 
I 
I 
I 
I 
I 
I 

:slight. 
I 

" I 
I 
I 
I 

Severe: 
too clayey. 

Severe: 
excess salt. 

Moderate: 
droughty. 

Severe: 
small stones. 

Moderate: 
small stones. 
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TABLE 6.--BUILDING SITE DEVELOPMENT--Continued 

Soil name and 
map symbol 

Shallow 
excavations 

Dwellings 
without 

basements 

69*: : 
Manzano----------ISlight--------- Severe: 

: floods. . 
I 

70----------------ISlight--------- Moderate: 
Tres Hermanos : shrink-swell. 

I 
I I 
I I 
I I 

71 *: : : 
Tres Hermanos----ISlight---------IModerate: 

I I shrink-swell. 
I I 
I I 
I I 
I I 

Lehmans----------:severe: :severe: 

72*: 

I 
I 
I 
I 
I 
I 

depth to rock. shrink-swell, 
depth to rock. 

Dwellings 
with 

basements 

Severe: 
floods. 

Small 
commercial 
buildings 

Severe: 
floods. 

Slight--------- Moderate: 
shrink-swell, 
slope. 

Slight--------- Moderate: 
shrink-swell, 

' slope. 

Severe: 
depth to rock, 
shrink-swell. 

Severe: 
shrink-swell, 
slope, 
depth to rock. 

Tres Her~anos---- Slight--------- Moderate: Slight--------- Moderate: 

Upton------------ Severe: 
cemented pan. 

73*: 
White House------ Moderate: 

too clayey. 

Ruidoso---------- Moderate: 
: too clayey. 
I 
I 

shrink-swell. 1 1 shrink-swell. 
I 
I 

Moderate: :severe: 
cemented pan. : cemented pan. 

I 
I 
I 
I 

Severe: IModerate: 
shrink-swell. : shrink-swell. 

I 
I 
I 
I 

Moderate: :Moderate: 
shrink-swell. : shrink-swell. 

Moderate: 
cemented pan. 

Severe: 
shrink-swell. 

I Moderate: 
: shrink-swell. 

Local roads 
and streets 
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Lawns and 
landscaping 

Severe: Moderate: 
low strength. small stones . 

I 
I 
I 
I 

Moderate: 
shrink-swell. 

I Moderate: 
: shrink-swell. 

I 
I 
I 
I 

Moderate: 
small stones. 

:Moderate: 
: small stones. 
I 
I 
I 
I 

Severe: :severe: 
depth to rock,: thin layer. 
low strength. 

I 
I 
I 
I 

I Moderate: 
: shrink-swell. 
I 
I 

I Moderate: 
: cemented pan. 

I 
I 

:severe: 
low strength, 
shrink-swell. 

Severe: 
low strength. 

Slight. 

Severe: 
thin layer. 

Moderate: 
large stones. 

Slight. 

* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 7.--SANITARY FACILITIES 

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"slight," "moderate," "good," "fair," and other terms. Absence of an entry indicates that the soil was 
not rated] 

,. : 

Soil name and 
map symbol 

Septic tank 
absorption 

fields 

Abrazo------------- Severe: 
depth to rock, 
peres slowly. 

Luzena------------- Severe: 
depth to rock. 

2*: 
Abrazo------------- Severe: 

depth to rock, 
peres slowly, 
slope. 

Luzena------------- Severe: 
1 depth to rock, 
i slope. 

I 
I 

3------------------- Moderate: 
Anthony floods. 

4------------------- Severe: 
Boysag depth to rock, 

slope. 

5*: 
Boysag------------- Severe: 

depth to rock. 

Abrazo------------- Severe: 
depth to rock, 
peres slowly. 

Santana------------ Severe: 
depth to rock. 

6*: 
Bucklebar---------- Moderate: 

peres slowly. 

Sewage lagoon 
areas 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
1 depth to rock, 

slope. 

Severe: 
seepage, 
floods. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Moderate: 
seepage, 
slope. 

Sonoita------------ Slight----------- Severe: 
seepage. 

Continental-------- Severe: 
peres slowly. 

7*: 
Carnero------------ Severe: 

depth to rock, 
peres slowly. 

Santa Fe----------- Severe: 
depth to rock. 

See footnote at end of table. 

Moderate: 
seepage. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
slope. 

Trench 
sanitary 
land fill 

Severe: 
depth to rock, 
too clayey. 

Severe: 
depth to rock, 
too clayey. 

Severe: 
depth to rock, 
slope, 
too clayey. 

Severe: 
depth to rock, 
slope, 
too clayey. 

Moderate: 
floods. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
too clayey. 

Severe: 
depth to rock. 

I 
I 

Area 
sanitary 
landfill 

!Severe: 
depth to rock. 

I 
I 

!Severe: 
i depth to rock. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 

1 slope. 

Moderate: 
floods. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock. 

Severe: 
depth to rock. 

Severe: 
depth to rock. 

Daily cover 
for landfill 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

'Poor: 
area reclaim, 
too clayey, 
hard to pack. 

Poor: 
area reclaim, 
too clayey, 

1 hard to pack. 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

Good. 

Poor: 
area reclaim, 
slope. 

Poor: 
area reclaim. 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

Poor: 
area reclaim. 

Slight----------- Slight-----------~Good. 
I 
I 
I 
I 
I 
I 

Slight----------- Slight-----------iGood. 
I 
I 
I 
I 

Slight----------- Slight-----------iGood. 

Severe: 
depth to rock, 
too clayey. 

Severe: 
depth to rock. 

Severe: 
depth to rock. 

Severe: 
depth to rock. 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

Poor: 
area reclaim. 
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TABLE ?.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

Septic tank 
absorption 

fields 

9------------------- Severe: 
Conger cemented pan. 

9*: 
Conger------------- Severe: 

cemented pan. 

Sewage lagoon 
areas 

Severe: 
cemented pan. 

Severe: 
cemented pan. 

Trench 
sanitary 
landfill 

Severe: 
cemented pan. 

Severe: 
cemented pan. 

Area 
sanitary 
landfill 

Severe: 
cemented pan. 

Severe: 
cemented pan. 

Daily cover 
for 

I 

' I 
:Poor: 
I area I 

I 
I 

iPoor: 
I 
I 
I 
I 

area 

landfill 

reclaim. 

reclaim. 

Stellar------------ Severe: Slight----------- Slight----------- Slight-----------iFair: 
1 peres slowly. 
I 
I 

10*: : 
Continental--------:severe: 

: peres slowly. 
I 
I 

Nickel-------------iModerate: 
slope. 

11 *: : 
Dagflat------------iSevere: 

I 
I 
I 
I 

depth to rock. 

Santa Fe-----------:severe: 
: depth to rock, 
: slope. 
I 

' 12*' 13*: : 
Encierro-----------:severe: 

Rock outcrop. 

14*: 

depth to rock, 
slope. 

Gaddes------------- Severe: 
: depth to rock, 
: peres slowly, 
: slope. 
I 
I 

Ruidoso------------iModerate: 
: peres slowly. 
I 
I 

15*: : 
Gaddes-------------:severe: 

depth to rock, 
peres slowly, 
slope. 

Santa Fe----------- Severe: 

Rock outcrop. 

depth to rock, 
slope. 

16------------------ Severe: 
Gila Variant floods. 

17------------------ Severe: 
Guy slope. 

18*: 
Guy----------------:severe: 

: poor filter. 

See footnote at end of table. 

Moderate: 
seepage. 

Severe: 
1 slope, 
: small stones. 

I 
I 

:severe: 

I 
I 

seepage, 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

:severe: 
: depth to rock, 
: slope. 
I 
I 
I 
I 

:severe: 
: floods. 

I 
I 

:severe: 
: depth to rock, 
: slope. 

I 
I 

I 
I 
I 
I 

Severe: 
depth to rock, 
slope. 

Severe: 
floods. 

Severe: 
slope, 
large stones. 

:severe: 
seepage, 
slope. 

: small stones. 
I 
I 

I I 
I I 

Slight-----------iSlight-----------iGood. 

Severe: 
small stones. 

Severe: 
depth to rock, 
seepage. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope, 
too clayey. 

Severe: 
depth to rock. 

:Moderate: 
: floods. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
floods. 

:severe: 
: slope. 
: 
I 
I 
I 
I 

:severe: 
seepage. 

I I 
I I 
I I 
I I 

iModerate: :Poor: 
: slope. small stones. 

Severe: 
depth to rock, 
seepage. 

Severe: 
depth to rock, 
slope. 

:severe: 
depth to rock, 
slope. 

Severe: 
depth to rock. 

Moderate: 
floods. 

Severe: 
depth to rock, 

i slope. 
I 
I 

Severe: 
depth to rock, 
slope. 

Severe: 
floods. 

Severe: 
seepage, 
slope. 

Severe: 
seepage. 

I 
I 

iPoor: 
area reclaim. 

I 
I 

iPoor: 
I 
I 
I 
I 

I 
I 

area reclaim, 
slope. 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

i Poor: 
area reclaim, 
small stones. 

Poor: 
too clayey. 

Poor: 
area reclaim, 
small stones, 
slope. 

Poor: 
area reclaim, 
slope. 

Fair: 
: too clayey. 
I 
I 

iPoor: 
slope. 

I 
I 
I 
I 

!Poor: 
small stones. 
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TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

18 1 : : 

Septic tank 
absorption 

fields 

Lonti--------------:severe: 
: peres slowly. 
I 
I 

19------------------:Moderate: 
Haverson ' peres slowly, 

floods. 

20 1 : 

Hondale------------ Severe: 
peres slowly. 

Verhalen----------- Severe: 
peres slowly. 

21------------------ Severe: 
Jon ale slope. 

22 1 : 

Judd------~-------- Severe: 

I 
I 
I 

peres slowly. 

Manzano------------:Moderate: 
: peres slowly. 
I 
I 

23 1 : : 

Lehmans------------:severe: 

Lithic Haplargids. 

24.: 
Lithic Haplargids. 

Rock outcrop. 

depth to rock. 

25------------------ Severe: 
Lonti peres slowly, 

slope. 

26------------------ Severe: 
Lonti perd~ slowly. 

27*: 
Lonti-------------- Severe: 

peres slowly. 

Denver Variant----- Severe: 
peres slowly. 

28 1 : 

Lonti-------------- Severe: 
peres slowly. 

Manzano------------ Severe: 
peres slowly. 

29.: : 
Lonti--------------:severe: 

Ustorthents. 

peres slowly, 
slope. 

See footnote at end of table. 

Sewage lagoon 
areas 

Severe: 
, slope. 

Severe: 
floods. 

Severe: 
floods. 

I 
I 

Trench 
sanitary 
landfill 

Moderate: 
slope. 

Moderate: 
floods, 
too clayey. 

:Moderate: 
: floods. 
I 
I 

Slight----------- Severe: 

Severe: 
slope. 

,severe: 
slope. 

Severe: 
slope. 

Severe: 
depth to rock, 
slope. 

too clayey. 

Severe: 
slope. 

Moderate: 
' slope, 

too clayey. 

Moderate: 
too clayey. 

Severe: 
depth to rock. 

I 
I 
I 
I 
I 

Area 
sanitary 
landfill 

:Moderate: 
: slope. 
I 
I 

:Moderate: 
floods. 

Moderate: 
floods. 

Moderate: 
floods. 

Severe: 
slope. 

Moderate: 
slope. 

I 
I 

Soil survey 

Daily cover 
for landfill 

i Poor: 
hard to pack. 

Fair: 
too clayey. 

Good. 

Poor: 
too clayey, 
hard to pack. 

'Poor: 
slope. 

I 

Fair: 
too clayey, 
small stones, 
slope. 

Slight----------- Fair: 

Severe: 
depth to rock. 

too clayey. 

Poor: 
area reclaim, 
hard to pack. 
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TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

I 
I 

Septic tank 
absorption 

fields 

30------------------\Severe: 
Luzena depth to rock, 

slope. 

31 *: : 
Luzena-------------lSevere: 

Rock outcrop. 

; depth to rock, 
: slope. 
I 
I 

l 
I 
I 
I 
I 

32, 33--------------:severe: 
Manzano peres slowly. 

341; : 
Manzano------------:severe: 

l peres slowly. 
' I 

Ruidoso------------lSevere: 
l peres slowly. 
' I 

35*: : 
Mimbres------------ I Severe: 

floods, 
peres slowly. 

Ariza-------------- Severe: 
floods, 
poor filter. 

Riverwash. 

36------------------ Severe: 
Muzzler depth to rock, 

slope, 
large stones. 

37*: 
Muzzler------------ Severe: 

Rock outcrop. 

38~: : 

depth to rock, 
slope, 
large stones. 

Nickel-------------l Moderate: 
: slope. 
I 
I 

Upton-------------- Severe: 
cemented pan. 

39*: 
Oro Grande--------- Severe: 

Rock outcrop. 

depth to rock, 
large stones. 

See footnote at end of table, 

I Sewage lagoon I 
I areas I 
I 
I 
I 
I 
I 
I 

:severe: 
depth to rock, 
slope. 

' I 
I 
I 
I 
I 

:severe: 
depth to rock, 
slope. 

Severe: 
floods. 

Moderate: 
slope. 

I Moderate: 
I slope. I 
I 
I 
I 
I 

l Severe: 
I floods. I 

I 
I 

\Severe: 
seepage, 
floods. 

' I 
\Severe: 

depth to rock, 
' slope, I 

' large stones. I 

' I 
I 
I 

:severe: 
depth to rock, 
slope, 
large stones. 

I 
I 

:severe: 
I slope, I 
I small stones. I 
I 
I 

:severe: 
cemented pan. 

I 
I 
I 
I 

:severe: 
depth to rock, 
slope, 
large stones. 

Trench 
sanitary 
landfill 

I 
I 
I 

l Severe: 
depth to rock, 

I slope, 
I too clayey. I 
I 
I 
I 
I 

:severe: 
depth to rock, 
slope, 
too clayey. 

Moderate: 
I floods, I 
I too clayey. I 
I 
I 
I 
I 

I Moderate: 
I too clayey. I 

' I 
:severe: 

too clayey. 

Severe: 
floods. 

Severe: 
floods, 
too sandy. 

Severe: 
depth to rock, 
slope, 
too clayey. 

Severe: 
depth to rock, 
slope, 

I too clayey. ' 

Severe: 
small stones. 

Moderate: 
cemented pan 1 

large stones. 

Severe: 
depth to rock, 
large stones. 
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Area Daily cover 
sanitary for landfill 
landfill 

I I 
I I 

\Severe: I Poor: 
depth to rock, I area reclaim, I 

slope. I too clayey, I 

' I hard to pack. ' I 

' ' I I 
I I 
I I 

:severe: :Poor: 
depth to rock, area reclaim, 
slope. too clayey, 

hard to pack. 

I 
I 

I I 
I I 

!Moderate: I Fair: 
floods. I too clayey. I 

I 
I 

\Slight----------- Fair: 
' too clayey. I 
I 
I 

Slight----------- Poor: 
too clayey. 

I 
I 
I 
I 

Severe: \Good. 
floods. 

Severe: Poor: 
floods. seepage, 

too sandy, 
small stones. 

I 
I 

' I 
I I 

:severe: \Poor: 
depth to rock, .., area reclaim, I 

slope. I too clayey, I 

' hard to pack. I 

' I 
I I 

:severe: :Poor: 
' depth to rock, area reclaim, I 

' slope. too clayey, I 

hard to pack. 

' ' I 
I 

Moderate: \Poor: 
I slope. I small stones. I I 
I 
I 
I 
I 

:severe: Poor: 
I cemented pan. area reclaim. I 

Severe: Poor: 
depth to rock. area reclaim, 

large stones. 
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TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

I 
I 
I 

Septic tank 
absorption 

fields 

40*: I 
Oro Grande---------ISevere: 

Rock outcrop. 

41 *. 
Orthents 

I 
I 

depth to rock, 
slope, 
large stones. 

42------------------IModerate: 
Paymaster I slope.· 

I 
I 
I 
I 

43 1 , 44*: : 
Paymaster---------- I Severe: 

I poor filter. 
\ 
' I 

Ellicott----------- I Severe: 
I floods, 
I poor filter. 
I 
I 

45*: I 
Paymaster---------- I Severe: 

I poor filter. 
I 
I 
I 

Ellicott----------- I Severe: 
I floods, 
I poor filter. 
I 
I 

Manzano------------ I Severe: 
peres slowly. 

46*: 
Pits. 

Dumps. 
I 
I 

47------------------ISevere: 
Plack I cemented pan. 

I 
48 1 : I 

Plack Variant------ISevere: 
I depth to rock. 
I 
I 

Guy---------------- I Severe: 

49*: 

I poor filter. 
I 
I 

Plack Variant------ Severe: 
depth to rock, 
slope. 

Guy---------------- Severe: 
slope. 

so•. 
Riverwash 

51*: 
Rock outcrop. 

See footnote at enrl of table. 

Sewage lagoon 
areas 

I 
I 
I 
I 
I 

I Severe: 
depth to rock, 
slope, 
large stones. 

I 
I 
I 
I 

I Severe: 
I seepage, I 
I slope. I 
I 
I 
I 
I 

:severe: 
I seepage, I 
I floods. I 
I 
I 

I Severe: 
I seepage, I 
I floods. I 
I 
I 
I 
I 

:severe: 
I seepage, I 
I floods. I 
I 
I 

I Severe: 
I seepage, I 
I floods. I 
I 
I 

:severe: 
floods. 

I 
I 
I 
I 

:severe: 
I cemented pan. I 

' ' ' I 
I Severe: 
I depth to rock. I 
I 
I 

I Severe: 
I seepage. I 
I 
I 
I 
I 

:severe: 
I depth to rock, I 
I slope. I 
I 
I 

ISf:!vere: 
I seepage, I 

slope. 

Trench 
sanitary 
landfill 

I 
I 
I 
I 
I 

:severe: 
depth to rock, 
slope, 
large stones. 

I 
I 

:severe: 
I seepage. I 
I 
I 
I 
I 
I 
I 

I Severe: 
I seepage. I 
I 
I 
I 
I 

I Severe: 
I floods, I 
I too sandy. I 
I 
I 
I 
I 

:severe: 
I seepage. I 
I 
I 
I 
I 

I Severe: 
I floods, I 

' too sandy. I 
I 
I 

\Moderate: 
floods, 
too clayey. 

I 
I 
I 
I 
I 
I 

I Moderate: 
' cemented pan. ' I 
I 
I 
I 

:severe: 
I depth to rock. I 
I 
I 

:severe: 
I seepage. I 
I 
I 
I 
I 

:severe: 
I depth to rock, I 
I slope. I 
I 
I 

I Severe: 
seepage, 
slope. 

Soil survey 

Area Daily cover 
sanitary for landfill 
landfill 

I I 
I I 
I I 
I I 
I I 

:severe: I Poor: 
I depth to rock, area reclaim, I 
I slope. large stones, I 

slope. 
I 
I 
I 
I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I Severe: I Fair: 
seepage. I slope, I 

I thin layer. I 
I 
I 
I 
I 

Severe: I Fair: 
seepage. I thin layer. I 

I 
I 
I 
I 

Severe: I Poor: 
floods. I seepage, I 

I too sandy, I 
I 
I 
I 
I 

Severe: I Fair: 
I seepage. I thin layer. I I 
I 
I 
I I 
I I 

:severe: I Poor: 
' floods. ' seepage, I I 
I I too sandy. I I 
I I 
I I 

I Moderate: I Fair: 
floods. too clayey. 

I I 
I I 
I I 
I I 

:severe: I Poor: 
I cemented pan. I area reclaim. I I 

I I 
I I 

:severe: I Poor: 
I depth to rock. I area reclaim. I I 
I I 
I I 

:severe: I Poor: 
I seepage. I small stones. I I 
I 
I 
I I 
I I 

:severe: I Poor: 
I depth to rock, I area reclaim, I I 
I slope. I slope. I I 
I I 
I I 

:severe: I Poor: 
seepage, slope. 
slope. 



Grant County, New Mexico, Central and Southern Parts 

TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

51*: 

I 
I 
I 
I 
I 

Septic tank 
absorption 

fields 

Graham------------- Severe: 

52*: 
Rock outcrop. 

Lithic Ustorthents. 

53*: 
Rock outcrop. 

depth to 
slope. 

rock, 

Luzena------------- Severe: 

54*: 
Rock outcrop. 

depth to rock, 
slope. 

Muzzler------------ Severe: 
depth to rock, 

l slope, 
l large stones. 
I 
I 

55------------------lSevere: 
Ruidoso peres slowly. 

I 
I 

56*: : 
Ruidoso------------ I Severe: 

l peres slowly. 

Muzzler------------ Severe: 

57*: 

depth to rock, 
large stones. 

Sampson------------ Moderate: 
peres slowly. 

Dagflat------------ Severe: 
depth to rock. 

58*: 
Sanloren----------- Severe: 

peres slowly. 

Majada Variant----- Severe: 

59*: 

peres slowly, 
large stones. 

Santa Fe----------- Severe: 
depth to rock. 

Rock outcrop. 

See footnote at end of table. 

I 
I 
I 

Sewage lagoon 
areas 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope, 
large stones. 

Moderate: 
slope. 

Moderate: 
slope. 

Severe: 
depth to rock, 
slope, 
large stones. 

Moderate: 
seepage, 
slope. 

Severe: 
seepage, 
depth to rock, 
slope. 

Moderate: 
seepage, 
slope. 

Severe: 
slope, 
large stones. 

:severe: 
depth to rock, 
slope. 

I 
I 
I 
I 
I 

Trench 
sanitary 
landfill 

I Severe: 

I 
I 
I 
I 

depth to rock, 
slope, 
too clayey. 

Severe: 
depth to rock, 
slope, 
too clayey. 

:severe: 
l depth to rock, 
l slope; 
l too clayey. 
I 
I 

:severe: 

I 
I 
I 

too clayey. 

Severe: 
too clayey. 

Severe: 
depth to rock, 
too clayey. 

Slight-----------

Severe: 
depth to rock, 
seepage. 

Severe: 
large stones. 

Severe: 
large stones. 

lSevere: 
depth to rock. 

I 
I 

Area 
sanitary 
landfill 

Daily cover 
for landfill 

:severe: Poor: 

. 
I 
I 
I 
I 
I 
I 
I 

depth to rock, 
slope. 

area reclaim, 
too clayey, 
slope. 

I Severe: Poor: 

I 
I 

depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

area reclaim, 
too clayey, 
hard to pack. 

Poor: 
area reclaim, 

l too clayey, 
hard to pack. 

lSlight----------- Poor: 
too clayey, 
low strength. 

Slight----------- Poor: 

Severe: 
depth to rock. 

I 
I 
I 
I 
I 

too clayey, 
low strength. 

Poor: 
area reclaim, 
too clayey, 
hard to pack. 

Slight----------- I Good. 

Severe: 
depth to rock, 
seepage. 

I 
I 
I 
I 
I 
I 

I Poor: 

I 
I 

area reclaim. 

Slight----------- I Poor: 

Moderate: 
slope. 

Severe: 
depth to rock. 

l large stones. 

Poor: 
large stones. 

Poor: 
area reclaim. 
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TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

Septic tank 
absorption 

fields 
I 
I 
I 

60 1 , 61 1 : I 
I 

Santa Fe----------- I Severe: 
depth to rock, 
slope. 

Rock outcrop. I 
I 
I 
I 

62------------------:severe: 
Santana I depth to rock, I 

I slope. I 
I 
I 

63 1 : 
I 
I 

Santana------------:severe: 
depth to rock. 

Rock outcrop. 

64 1 : 

Santana------------ Severe: 
depth to rock, 
slope. 

Rock outcrop. 

65 1 : 
Stellar------------ Severe: 

peres slowly. 

Mohave------------- Severe: 

66 1 : 

: peres slowly. 
I 
I 

Stellar------------ Severe: 
peres slowly. 

Verhalen----------- Severe: 
peres slowly. 

Mimbres------------ Severe: 
peres slowly. 

67------------------ Severe: 
Stirk Variant peres slowly. 

68------------------ Severe: 
Tesajo poor filter. 

69*: 
Tesajo------------- Severe: 

, poor filter. 

Manzano------------ Moderate: 
floods. 

10------------------ Severe: 
Tres Hermanos peres slowly. 

71 I: I 

Tres Hermanos------:severe: 
peres slowly. 

See footnote at end of table. 

I 

Sewage lagoon 
areas 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

Severe: 
depth to rock, 
slope. 

:slight-----------

I 
I 

'Moderate: 
slope. 

Slight-----------

Trench 
sanitary 
landfill 

Severe: 
depth to rock, 
slope. 

Area 
sanitary 
landfill 

Severe: 
depth to rock, 
slope. 

,Severe: Severe: 

: 

depth to rock, 
slope. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
slope. 

I 

I 
I 

: 

depth to rock, 
slope. 

Severe: 
depth to rock. 

Severe: 
depth to rock, 
slope. 

Slight----------- I Slight-----------
' I 
I 
I 

Slight----------- I Slight-----------
' I 
I 
I 
I 
I 

Slight----------- I Slight-----------, 
I 
I 
I 

Daily cover 
for landfill 

Poor: 
area reclaim, 
slope. 

Poor: 
area reclaim, 
slope. 

Poor: 
area reclaim. 

Poor: 
area reclaim, 
slope. 

Fair: 
small stones. 

Good. 

Fair: 
small stones. 

Slight-----------:severe: 'Moderate: 
floods. 

Poor: 

Severe: 
floods. 

Severe: 
floods. 

I 

:severe: 
: seepage, 
' slope. 

I 
I 

Severe: 
seepage, 
floods. 

Severe: 
floods. 

Moderate: 
seepage, 
slope. 

I Moderate: 
seepage, 
slope. 

: too clayey, 
I 
I 
I 
I 

:severe: 
: excess salt. 

Severe: 
too clayey. 

Severe: 
seepage. 

Severe: 
seepage. 

Moderate: 
floods. 

Moderate: 
floods. 

Moderate: 
floods. 

Severe: 
seepage. 

Severe: 
seepage. 

Moderate: 
floods. 

too clayey, 
hard to pack. 

Good. 

Poor: 
too clayey, 
hard to pack. 

Poor: 
seepage, 
small stones. 

Poor: 
seepage, 
small stones. 

Good. 

Slight----------- Slight----------- Poor: 

I 
I 

·' 

small stones. 

Slight----------- Slight-----------iPoor: 
: small stones. 
I 
I 
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TABLE 7.--SANITARY FACILITIES--Continued 

Soil name and 
map symbol 

71*: 

Septic tank 
absorption 

fields 

Lehmans------------ Severe: 
depth to rock. 

72*: . 
I 

Tres Hermanos------:severe: 
: peres slowly. 
I 
I 
I 
I 

Upton-------------- I Severe: 
cemented pan. 

73*: : 
White House--------!Severe: 

peres slowly. 

Ruidoso. 

Sewage lagoon 
areas 

Severe: 
depth to rock, 
slope. 

'Moderate: 
seepage, 
slope. 

Severe: 
cemented pan. 

Moderate: 
slope. 

I 

Trench 
sanitary 
landfill 

Severe: 
depth to rock. 

I 

Area 
sanitary 
landfill 

Severe: 
depth to rock. 

Daily cover 
for landfill 

Poor: 
area reclaim, 
hard to pack. 

Slight-----------iSlight----------- 1 Poor: 

Moderate: 
cemented pan, 
large stones. 

: : small stones. 

I 
I 

'Severe: 
cemented pan. 

I 
I 
I 
I 

!Poor: 

I 
I 

area reclaim. 

Slight----------- Slight-----------iFair: 
: small stones. 

* See description of the map unit for composition and behavior characteristics of the map unit. 
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128 Soil survey 

TABLE B.--CONSTRUCTION MATERIALS 

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"good," "fair," "poor," "probable," and "improbable." Absence of an entry indicates that the soil was 
not rated] 

Soil name and 
map symbol 

I 
I 
I 

Road fill 

1.' I ' I 

Abrazo---------------IPoor: 
I area reclaim, 
I low strength. 
I 
I 

Luzena---------------IPoor: 

2*: 

I area reclaim, 
low strength. 

Abrazo--------------- Poor: 
area reclaim, 
low strength, 
slope. 

Luzena--------------- Poor: 

I 

area reclaim, 
low strength, 
slope. 

Sand 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
, excess fines. 

3--------------------- 1Good----------------- Improbable: 
Anthony excess fines. 

4--------------------- Poor: 
Boy sag 

5*: 

area reclaim, 
low strength, 
slope. 

Boysag--------------- Poor: 
area reclaim, 
low strength. 

Abrazo---------------~Poor: 
area reclaim, 
low strength. 

Santana-------------- Poor: 
area reclaim. 

6*: 
Bucklebar------------ Fair: 

low strength, 
shrink-swell. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Sonoita-------------- Good----------------- Improbable: 
excess fines. 

Continental---------- Poor: 
shrink-swell. 

7*: 
Carnero-------------- Poor: 

area reclaim, 
low strength, 
shrink-swell. 

Santa Fe------------- Poor: 
area reclaim. 

See footnote at end of table. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I 
I 
I 
I 
I 

Gravel 

!Improbable: 
I excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

: 
!Improbable: 
I excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable.: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Topsoil 

Fair: 
too clayey, 
slope. 

Poor: 
area reclaim, 
small stones. 

Poor: 
slope. 

Poor: 
area reclaim, 

1 small stones. 

Poor: 
area reclaim. 

Poor: 
area reclaim, 
small stones, 

1 slope. 

Poor: 
area reclaim, 
small stones. 

Poor: 
thin layer. 

Poor: 
area reclaim. 

Fair: 
small stones. 

Good. 

Poor: 
too clayey. 

Poor: 
small stones. 

Poor: 
area reclaim, 
small stones. 
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TABLE B.--CONSTRUCTION MATERIALS--Continued 

Soil name and 
map symbol 

Road fill 

8--------------------- Poor: 
Conger area reclaim. 

9*: 
Conger--------------- Poor: 

, area reclaim. 
' I 
I 
I 

Stellar-------------- I Fair: 
: low strength, 
: shrink-swell. 

10*: : 
Continental---------- I Poor: 

: low strength, 
: shrink-swell. 
' I 

I 
I 
I 
I 
I 

Sand 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Gravel 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

,Improbable: 
: excess fines. 
I 
I 
I 
I 
I 
I 

Improbable: 
excess fines. 

I 

' I 
I Poor: 

Topsoil 

: area reclaim, 
: small stones. 
I 
I 
I 
I 

I Poor: 
: area reclaim, 
: small stones. 
I 
I 

I Poor: 

' I 

thin layer. 

I Poor: 
: too clayey, 
: small stones. 

Nickel---------------IGood----------------- Probable------------- Probable------------- Poor: 

11*: 
Dagflat-------------- Poor: 

area reclaim. 

Santa Fe------------- Poor: 
area reclaim. 

I 

12*: : 
Encierro-------------IPoor: 

Rock outcrop. 

13*: 

area reclaim, 
low strength. 

Encierro------------- Poor: 

Rock outcrop. 

14*: 

area reclaim, 
low strength, 
slope. 

Gaddes---------------,Poor: 
area reclaim. 

Ruidoso-------------- Poor: 
low strength. 

15*: 
Gaddes--------------- Poor: 

area reclaim, 
slope. 

Santa Fe------------- Poor: 

Rock outcrop. 

area reclaim, 
slope. 

See footnote at end of table. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

,Improbable: 
: excess fines. 
' I 
I 
I 
I 
I 
I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

small stones. 

Fair: 
area reclaim, 
small stones, 

, slope. 

Poor: 
area reclaim, 
small stones, 
slope. 

Poor: 
area reclaim, 
small stones, 
slope. 

,Poor: 
area reclaim, 
small stones, 
slope. 

Poor: 
small stones. 

Poor: 
too clayey. 

Poor: 
small stones, 
slope. 

Poor: 
area reclaim, 
small stones, 
slope. 
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TABLE B.--CONSTRUCTION MATERIALS--Continued 

Soil name and 
map symbol 

Road fill Sand 

I 

I I 
16--------------------'Good-----------------iimprobable: 
Gila Variant .i excess fines. 

17-------------------- Poor: 
Guy slope. 

1 e•: 

I 
I 

'Improbable: 
excess fines. 

Guy------------------ Good----------------- Improbable: 

Lonti---------------- Fair: 
shrink-swell. 

19-------------------- Fair: 
Haverson low strength. 

20*: 
Hondale-------------- Poor: 

low strength, 
shrink-swell. 

Verhalen------------- Poor: 
low strength, 
shrink-swell. 

21-------------------- Poor: 
Jon ale slope. 

excess fines. 

,Improbable: 
i excess fines. 
i 
I 
I 

I Improbable: 
i excess fines. 
I 
I 

I 
Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
I excess fines. 
I 

22*: I 
Judd----------------- Good-----------------iimprobable: 

Manzano-------------- I Poor: 
I low strength. 
I 

23 1 : i 
Lehmans-------------- 1 Poor: 

Lithic Haplargids. 

24*: 
Lithic Haplargids. 

Rock outcrop. , 
I 

area reclaim, 
low strength. 

25--------------------'Poor: 
Lonti slope. 

26-------------------- Fair: 
Lonti shrink-swell. 

27•: 
Lonti---------------- Fair: 

shrink-swell. 

I 

Denver Variant-------iPoor: 
low strength, 
shrink-swell. 

See footnote at end of table. 

I excess fines. 
I 
I 

I Improbable: 
I excess fines. 
I 
I 

I 
I Improbable: 
I excess fines. 
I 

I 
I 

I 
I Improbable: 

excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
i excess fines. 
I 
I 
I 
I 

I 
I 
I 

Gravel 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
i excess fines. 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
I excess fines. 

I 
I 

I Improbable: 
I excess fines. 
I 
I 
I 
I 

I Improbable: 
i excess fines. 
I 
I 

I Improbable: 
I excess fines. 

i 
I Improbable: 
i excess fines. 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 
I 
I 
I 
I 
I 

I 
I Improbable: 
I excess fines. 
I 
I 
I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Soil survey 

Topsoil 

Good. 

I Poor: 
large stones, 
slope. 

Poor: 
small stones, 
area reclaim. 

Poor: 
small stones, 
area reclaim. 

Fair: 
too clayey. 

Poor: 
too clayey. 

Poor: 
too clayey. 

Poor: 
slope. 

Poor: 
small stones. 

Fair: 
small stones. 

Poor: 
I small stones. 

I 
I 

i 
I Poor: 

small stones, 
area reclaim, 
slope. 

Poor: 
small stones, 
area reclaim. 

Poor: 
small stones, 
area reclaim. 

Poor: 
thin layer. 



Grant County, New Mexico, Central and Southern Parts 

TABLE B.--CONSTRUCTION MATERIALS--Continued 

Soil name and 
map symbol 

I 

' I 
28*: : 
Lonti----------------IFair: 

Road fill 

: shrink-swell. 
I 
I 
I 
I 

Manzano-------------- I Fair: 
: low strength, 
: shrink-swell. 
' I 

29*: : 
Lonti----------------IFair: 

Ustorthents. 

slope, 
shrink-swell. 

30-------------------- Poor: 
Luzena area reclaim, 

low strength. 

31*: 
Luzena--------------- Poor: 

area reclaim, 
: low strength. 
I 
I 

Rock outcrop. : 
I 
I 

32--------------------IFair: 
Manzano : low strength, 

: shrink-swell. 
' I 

33-------------------- Fair: 
Manzano low strength, 

shrink-swell. 

34*: 
Manzano-------------- Fair: 

low strength, 
shrink-swell. 

Ruidoso-------------- Poor: 
low strength. 

35*: 
Mimbres-------------- Poor: 

low strength. 

I 
I 

Sand 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
: excess fines. 
' I 
I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

,Improbable: 
: excess fines. 

' I 
:Improbable: 
: excess fines. 

' I 
I Improbable: 
: excess fines. 

' I 
I Improbable: 
: excess fines. 

' I 
I 
I 

Gravel 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
' excess fines. 

' I 
I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
: excess fines. 

I I 
I I 

I 

' I 
I 
I 

Topsoil 

I Poor: 
: small stones, 
: area reclaim. 
' I 
IGood. 

' I 
I 
I 
I 
I 

I Poor: 

' I 

small stones, 
area reclaim, 
slope. 

I Poor: 
: area reclaim, 
: small stones. 

' I 

Poor: 
area reclaim, 
small stone.s. 

Fair: 
too clayey. 

Good. 

Good. 

Poor: 
too clayey. 

I Good. 

Arizo---------------- Good-----------------:Probable-------------IProbable------------- Poor: 

Riverwash. 
' I 

36--------------------IPoor: 
Muzzler area reclaim, 

low strength, 
large stones. 

37*: 
Muzzler-------------- Poor: 

Rock outcrop. 

area reclaim, 
low strength, 
large stones. 

See footnote at end of table. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines, 
large stones. 

small stones, 
area reclaim. 

Poor: 
area reclaim, 

, large stones, 
: slope. 
' I 
I 
I 

I Poor: 
area reclaim, 
large stones, 
slope. 
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TABLE B.--CONSTRUCTION MATERIALS--Continued 

38*: 

Soil name and 
map symbol 

Road fill Sand 

I 
I 
I 
I 
I 

Gravel 

Nickel------------~-- Good----------------- Probable------------- Probable-------------

Upton---------------- Good----------------- Improbable: 
excess fines. 

39 1 : I 
Oro Grande-----------IPoor: 

Rock outcrop. 

40*: 

area reclaim, 
large stones. 

Oro Grande----------- Poor: 

Rock outcrop. 

41*. 
Orthents 

area reclaim, 
large stones, 
slope. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines, 
large stones. 

Soil survey 

Topsoil 

Poor: 
small stones. 

,Poor: 
I area reclaim, 
I large stones. 
I 

Poor: 
area reclaim, 
large stones. 

Poor: 
area reclaim, 
large stones, 
slope. 

42-------------------- Good----------------- Probable------------- Probable------------- Fair: 
Paymaster small stones, 

slope. 

43*' 44*: 
Paymaster------------ Good----------------- Probable------------- Probable------------- Fair: 

small stones. 
I 

Ellicott------------- Good----------------- Probable------------- Improbable: I Poor: 
1 too sandy. I too sandy, 

I small stones. 

45*: I 
·Paymaster------------ Good----------------- Probable------------- Probable-------------IFair: 

Ellicott------------- 1Good----------------- Probable------------- Improbable: 
I too sandy. 
I 
I 
I 
I 

Manzano-------------- I Fair: 

46 1 : 

Pits. 

Dumps. 

low strength, 
shrink-swell. 

47-------------------- Poor: 
Plack thin layer. 

48*: 
Plack Variant-------- Poor: 

area reclaim. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
, excess fines. 
I 
I 

I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I small stones. 
I 
I 

I Poor: 
I too sandy, 
I small stones. 

Good. 

Poor: 
area reclaim. 

I 
Poor: 
area reclaim, 
small stones. 

Guy------------------ Good-----------------IProbable------------- Probable------------- Poor: 

See footnote at end of table. 

small stones, 
area reclaim. 
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TABLE B.--CONSTRUCTION MATERIALS--Continued 

Soil name and 
map symbol 

• 
• 
• 

49*: : 

Road fill 

Plack Variant-------- Poor: 
area reclaim, 
slope. 

Sand 

Improbable: 
excess fines. 

Gravel 

Improbable: 
excess fines. 

Topsoil 

Poor: 
area reclaim, 
small stones, 
slope. 

Guy------------------ Poor: 'Probable------------- Probable------------- Poor: 
slope. 

50*. 
Riverwash 

51*: 
Rock outcrop. 

I 

Graham---------------lPoor: 

52*: 
Rock outcrop. 

Lithic Ustorthents. 

53*: 
Rock outcrop. 

area reclaim, 
low strength, 
thin layer. 

Luzena---------------'Poor: 

54*: 
Rock outcrop. 

area reclaim, 
low strength, 
slope. 

Muzzler-------------- Poor: 
area reclaim, 
low strength, 
large stones. 

55-------------------- Poor: 
Ruidoso low stregth. 

56*: 
Ruidoso--------------'Poor: 

low strength. 

Muzzler-------------- Poor: 

57*: 

area reclaim, 
low strength, 
large stones. 

,Improbable: 
excess fines. 

I 
I 

I Improbable: 
l excess fines. 
I 
I 
I 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines, 
large stones. 

Sampson-------------- Good----------------- Improbable: 
excess fines. 

Dagflat-------------- Poor: 
area reclaim. 

58*: 
Sanloren------------- Fair: 

large stones. 

See footnote at end of table. 

Improbable: 
excess fines. 

Improbable: 
excess fines, 
large stones. 

I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines, 
large stones. 

I Improbable: 
l excess fines. 

I 
I 

I Improbable: 
l excess fines. 
I 
I 
I 
I 
I 
I 

I Improbable: 
l excess fines, 
l large stones. 
I 
I 

I 
I 
I 
I 

large stones, 
area reclaim. 

Poor: 
area reclaim, 
too clayey, · 
thin layer. 

I Poor: 
area reclaim, 
small stones. 

Poor: 
area reclaim, 
large stones, 
slope. 

Poor: 
too clayey. 

Poor: 
too clayey. 

Poor: 
area reclaim, 
large stones. 

Fair: 
too sandy, 
small stones. 

Fair: 
area reclaim, 
small stones. 

lPoor: 
large stones, 
area reclaim. 
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TABLE B.--CONSTRUCTION MATERIALS--Continued 

58 1 : 

Soil name and 
map symbol 

Road fill 

Majada Variant------- Poor: 
large stones. 

59*: 
Santa Fe------------- Poor: 

area reclaim. 

Rock outcrop. 

60*, 61*: 
Santa Fe------------- Poor: 

Rock outcrop. 

area reclaim, 
slope. 

62-------------------- Poor: 
Santana area reclaim. 

63*: 
Santana-------------- Poor: 

area reclaim. 

Rock outcrop. 

64 1 : 

Santana-------------- Poor: 

I 

Rock outcrop. : 
I 
I 

65*: : 

area reclaim, 
slope. 

Stellar--------------'Fair: 
low strength, 
shrink-swell. 

Mohave--------------- Poor: 
low strength. 

66*: 
Stellar-------------- Fair: 

low strength, 
shrink-swell. 

Verhalen------------- Poor: 
low strength, 
shrink-swell. 

Mimbres-------------- Poor: 
low strength. 

67-------------------- Poor: 
Stirk Variant low strength, 

shrink-swell. 

I 
I 
I 
I 
I 

Sand 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

,Improbable: 
excess fines. 

I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

I Improbable: 
: excess fines. 

I 
I 

I Improbable: 
: excess fines. 

Improbable: 
excess fines. 

68-------------------- Good----------------- Probable-------------
Tesajo 

See footnote at end of table. 

Gravel 

Improbable: 
excess fines, 
large stones. 

Improbable: 
excess fines. 

'Improbable: 
excess fines. 

I 
I 
I 
I 

Improbable: 
excess fines. 

:Improbable: 
: excess fines. 
I 
I 
I 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
: excess fines. 
I 
I 

: 
I Improbable: 
: excess fines. 
I 
I 
I 
I 

I Improbable: 
: excess fines. 

Improbable: 
excess fines. 

Topsoil 

Poor: 
large stones, 
area reclaim. 

Poor: 
area reclaim, 
small stones. 

I Poor: 

I 
I 
I 
I 

: 

area reclaim, . 
small stones, 
slope. 

Poor: 
area reclaim, 
slope. 

Poor: 
area reclaim. 

Poor: 
area reclaim, 
slope. 

Poor: 
thin layer. 

Fair: 
too clayey. 

Poor: 
thin layer. 

Poor: 
too clayey. 

,Poor: 
: excess salt. 
I 
I 

Improbable: IFair: 
excess fines. I too clayey. 

I 
I 
I 
I 

Probable------------- I Poor: 
small stones, 
area reclaim. 



Grant County, New Mexico, Central and Southern Parts 

Soil name and 
map symbol 

I 
I 
I 

69*: : 

TABLE B.--CONSTRUCTION MATERIALS--Continued 

Road fill Sand Gravel Topsoil 

Tesajo---------------:Good----------------- Probable------------- Probable------------- Poor: 
1 
I 
I 
I 
I 
I 

Manzano-------------- Poor: 
low strength. 

Improbable: 
excess fines. 

70-------------------- Good----------------- Improbable: 
Tres Hermanos excess fines. 

71*: : 
Tres Hermanos--------:Good----------------- Improbable: 

excess fines. 

I 
I 

Lehmans--------------:Poor: 

72*: 

: area reclaim, 
: low strength. 
I 
I 

Improbable: 
excess fines. 

Tres Hermanos-------- Good----------------- Improbable: 
excess fines. 

Upton----------------:Good----------------- Improbable: 
: excess fines. 

73*: : 
White House----------:Fair: 

shrink-swell. 

Ruidoso. 

Improbable: 
excess fines. 

Improbable: 
, excess fines. 

I 
I 

:Improbable: 
: excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

Improbable: 
excess fines. 

,Improbable: 
: excess fines. 
I 
I 
I 
I 
I 
I 

:Improbable: 
: excess fines. 
I 
I 

small stones, 
area reclaim. 

Fair: 
too clayey, 
small stones. 

Poor: 
small stones, 
area reclaim. 

,Poor: 
: small stones, 
: area reclaim. 
I 
I 

:Poor: 
area reclaim, 
small stones. 

Poor: 
small stones, 
area reclaim. 

Poor: 
area reclaim, 
large stones. 

Poor: 
small stones. 

* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 9.--WATER MANAGEMENT 

[Some terms that describe restrictive soil features are defined in the Glossary. See text for definitions of 
"slight," "moderate," and "severe." Absence of an entry indicates that the soil was not evaluated] 

nmHaEions f'or-- r'eatures af'fecEins--
Soil name and Pond Embankments, Terraces 

map symbol reservoir dikes, and Drainage Irrigation and Grassed 
areas levees diversions waterwa:z:s 

I 
I ,. : I 
I 

Abrazo----------- Severe: Severe: Deep to water Peres slowly, Slope, I Slope, 
slope. thin layer. depth to rock. depth to rock, I depth to rock, 

peres slowly. I ·peres slowly. I 
I 

Luzena----------- Severe: Severe: Deep to water Peres slowly, Slope, Large stones, 
depth to rock, thin layer. depth to rock, 1 large ston·es, slope, 
slope. slope. depth to rock. depth to rock. 

2*: 
Abrazo----------- Severe: Severe: Deep to water Peres slowly, Slope, Slope, 

slope. thin layer. depth to rock. depth to rock, depth to rock, 
peres slowly. peres slowly. 

Luzena----------- Severe: Severe: Deep to water Peres slowly, Slope, Large stones, 
depth to rock, thin layer. depth to rock. large stones, slope. 
slope. depth to rock. 

3----------------- Severe: Severe: Deep to· water Soil blowing--- Soil blowing--- I Favorable. 
Anthony seepage. piping. I 

I 
I 
I 

4----------------- Severe: Severe: Deep to water Peres slowly, Slope, \Slope, 
Boy sag depth to rock, thin layer. depth to rock. depth to rock. I depth to rock, 

slope. I peres slowly. I 
I 
I 

5*: I 
I 

Boy sag----------- Severe: Severe: Deep to water Peres slowly, Slope, :Slope, 
depth to rock, thin layer. depth to rock. depth to rock. I depth to rock, 
slope. I peres slowly. 

I 
I 

Abrazo-----------~Severe: Severe: Deep to water Soil blowing, I Sl.ope, Slope, 
slope. thin layer. peres slowly, I depth to rock, depth to rock, I 

depth to rock.: soil blowing. peres slowly. 
I 
I 

Santana---------- Severe: Severe: Deep to water Depth to rock \Slope, Slope, 
depth to rock, piping. I depth to rock. depth to rock. I 

slope. I 
I 
I 
I 

6*: I 
I 

Bucklebar-------- Moderate: Severe: Deep to water Soil blowing, I Erodes easily, Erodes easily. 
seepage, piping. slope. soil blowing. 
slope. 

Sonoita---------- Severe: Slight--------- Deep to water Soil blowing, Soil blowing--- Favorable. 
seepage. slope. 

Continental------ Moderate: Moderate: Deep to water Droughty, Soil blowing, Droughty, 
seepage. seepage, soil blowing, peres slowly. peres slowly. 

piping. peres slowly. 

7*: I 

Carnero----------~Moderate: Severe: Deep to water Soil blowing, :Depth to rock, Depth to rock, 
depth to rock, thin layer. peres slowly, I soil blowing, peres slowly. I 

slope. depth to rock. I peres slowly. 
I I 
I I 

Santa Fe--------- Severe: Severe: Deep to water Droughty, I Slope, I Slope, 
depth to rock, thin layer. depth to rock, I depth to rock. I depth to rock. 
slope. slope. I I 

I 
I I 
I I 

8----------------- Severe: Severe: Deep to water Cemented pan--- I Cemented pan--- I Cemented pan. 
Conger cemented pan. piping. I I 

I I 
I I 
I I 

See footnote at end of table. 
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TABLE 9.--WATER MANAGEMENT--Continued 

Limitations for--
Soil name and 

map symbol 
Pond Embankments, 

reservoir dikes, and 
areas levees 

I 
I 
I 
I 
I 9*: : 

Conger-----------:severe: :severe: 
: cemented pan. piping. 

Stellar---------- Slight--------- Moderate: 
piping. 

10*: 
Continental------:Moderate: 

: seepage. 
I 
I 
I 
I 

Nickel-----------:severe: 
: slope. 

11 *: 
I 
I 
I 
I 

Dagflat----------:severe: 
: seepage, 

slope. 

Moderate: 
seepage, 

: piping. 
I 
I 

:severe: 
: seepage. 
I 
I 

' I 
:severe: 
: thin layer. 
I 
I 
I 
I 

Santa Fe--------- Severe: :severe: 
depth to rock,: thin layer. 
slope. 

12*' 13*: 
Encierro--------- Severe: 

depth to 
slope. 

Rock outcrop. 

14*: 
Gaddes----------- 1 Severe: 

slope. 

Ruidoso---------- Moderate: 
slope. 

15*: 
Gaddes----------- Severe: 

slope. 

Santa Fe--------- Severe: 

rock, 

depth to rock, 
slope. 

Rock outcrop. I 
I 
I 

' 16----------------:Moderate: 
Gila Variant : seepage. 

I 
I 

17----------------:severe: 
Guy : seepage, 

: slope. 
I 
I 
I 
I 18*: 

Guy--------------:severe: 
: seepage, 
: slope. 
I 
I 

Lonti------------:severe: 
slope. 

See footnote at end of table. 

Severe: 
thin layer. 

Severe: 
thin 1 ayer. 

Slight---------

Severe: 
thin layer. 

Severe: 
thin layer. 

Severe: 
' piping. 

I 

Severe: 
piping. 

Severe: 
piping. 

:Moderate: 
thin layer, 
hard to pack. 

Drainage 

Deep to water 

Deep to water 

'Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

,Deep to water 
I 
I 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Features affecting--
l Terraces 

Irrigation and Grassed 
waterways 

Cemented pan, 
slope. 

I 
I 

diversions 

:cemented pan--- Cemented pan. 

I 
I 

Peres slowly---:Favorable------ Peres slowly. 

I 
I 
I 
I 
I 

Droughty, 
peres slowly. 

Droughty, 
slope. 

Depth to rock, 
slope. 

Droughty, 
depth to rock, 
slope. 

Peres slowly, 
depth to rock, 
slope. 

Droughty, 
depth to rock, 
peres slowly. 

Peres slowly, 
slope·. 

Droughty, 
depth to rock, 
peres slowly. 

Droughty, 
depth to rock, 
slope. 

:Soil blowing, 
floods. 

I 
I 

Large stones, 
slope. 

Droughty, 
slope. 

:Peres slowly, 
slope. 

' I 
I 
I I 
I I 
I I 

:Peres slowly--- Droughty, 
peres slowly. 

Small stones, Slope, 
slope. droughty. 

I 
I 

Slope, :slope, 
depth to rock,: erodes easily, 
erodes easily.: depth to rock. 

I 
I 

Slope, Slope, 
depth to rock. depth to rock. 

Slope, Slope, 
depth 
peres 

to rock,: depth to rock, 
slowly. : peres slowly. 

Slope, 
large stones, 
depth to rock. 

'Peres slowly---

Slope, 
large stones, 
depth to rock. 

Slope, 
depth to rock. 

Erodes easily, 
soil blowing. 

'Slope, 
large stones. 

Slope, 
large stones. 

Slope, 
peres slowly. 

I 
I 

I 
I 

Large stones, 
slope, 
droughty. 

Peres slowly. 

:Large stones, 
I slope, 

droughty. 

Slope, 
depth to rock. 

Erodes easily. 

1 Large stones, 
: slope. 

I 
I 

:Large stones, 
: slope, 
: droughty. 
I 
I 

:slope, 
: peres slowly. 
I 
I 
I 
I 
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TABLE 9.--WATER MANAGEMENT--Continued 

Soil name and 
map symbol 

Limitations for--
Pond Embankments, 

reservoir dikes, and 
areas levees 

19---------------- Moderate: Severe: 
piping. Haverson slope. 

20*: 
Hondale---------- Slight--------- Moderate: 

piping. 

l 
: Drainage 
I 
I 

l 
I 
I 

'Deep to water 

Deep to water 

Verhalen--------- Slight---------'Moderate: Deep to water 

21----------------'Severe: 
Jonale slope. 

22*: 
Judd------------- Severe: 

slope. 

hard to pack, 
excess salt. 

Severe: 
piping. 

Severe: 
piping. 

Deep to water 

Deep to water 

Manzano---------- Slight--------- Moderate: 
piping. 

Deep to water 

23*: : 
Lehmans----------ISevere: 

depth to 
slope. 

Lithic 
Haplargids. 

24*: 
Lithic 

Haplargids. 

Rock outcrop. 

25---------------- Severe: 
Lonti slope. 

26---------------- Moderate: 
Lonti slope. 

27*: 
Lonti------------ Severe: 

slope. 

Denver Variant--- Moderate: 
slope. 

I 
I 

28*: : 
Lonti------------'Severe: 

slope. 

Manzano---------- Moderate: 
slope. 

29*: 
Lonti------------ Severe: 

slope. 

Ustorthents. 

I 

Severe: 
rock, thin layer. 

Deep to water 

Moderate: Deep to water 
thin layer, 
hard to pack. 

Moderate: Deep to water 
thin layer, 
hard to pack. 

Moderate: 
thin layer, 
hard to pack. 

Deep to water 

Moderate: Deep to water 
hard to pack. 

Moderate: 'Deep to water 
thin layer, 
hard to pack. 

Severe: 
piping. 

I Moderate: 
thin layer, 
hard to pack. 

Deep to water 

Deep to water 

See footnote at end of table. 

Features affecting--
Terraces 

Irrigation and 
diversions 

Grassed 
waterways 

Favorable------ Favorable------ Favorable. 

Soil blowing, 
peres slowly. 

Soil blowing, 
peres slowly. 

Peres slowly. 

Slow intake, Peres slowly--- Peres slowly. 
peres slowly, 
excess salt. 

Slope---------- Slope---------- Slope. 

Peres slowly, 
slope, 

Slope, 
erodes easily. 

Slope, 

' erodes easily. 
erodes easily, 
peres slowly. 

I 
I 
I 
I 

Favorable------ Favorable------ Favorable. 

Peres slowly, 
depth to rock, 
slope. 

Peres slowly, 
slope. 

Peres slowly, 
slope. 

Peres slowly, 
slope. 

Peres slowly, 
slope, 
erodes easily. 

Slope, ,Slope, 
depth to rock, depth to rock, 
peres slowly. peres slowly. 

I 

Slope, 
peres slowly. 

Slope, 
peres slowly. 

Peres slowly--- Peres slowly. 

Slope, Slope, 
peres slowly. , peres slowly. 

,Erodes easily, Erodes easily, 
peres slowly. peres slowly. 

:Perc s slowly, Slope, Slope, 
I 
I slope. peres slowly. 

Slope----------,Favorable------
' I 
I 
I 
I 
I 

Peres slowly, I Slope, 
slope. : peres slowly. 

I 
I 

peres slowly. 

Favorable. 

I 

:Slope, 
: peres slowly. 
I 
I 
I 
I 
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TABLE 9.--WATER MANAGEMENT--Continued 

I Limitations for-- Features affecting--
Soil name and ~-----P~o~n~d~~~~~E~m~b~a~n'-k~m~e~nrt7s-,--t--------------.:------~~~~~~~~T~e~r~r~a~c~e~s----~--------------

map symbol I reservoir I dikes, and I Drainage I Irrigation I and Grassed 
waterways I areas I levees I I I diversions 

l I I I I 
I I I I I 

I I f I I ' I 
30----------------lSevere: :severe: !Deep to water :Droughty, !Slope, ILarge stones, 

stones, I slope, Luzena I depth to rock, I thin 1 ayer. I I peres slowly, : large 
I slope. I I I depth to rock. I depth to rock.l droughty. 
i I I I I 

I I I I I 

31*: I I I I I : 
Luzena----------- I Severe: I Severe: I Deep to water I Perc s slowly, I Slope, ILarge stones, 

stones, I slope. depth to rock,l thin layer. I depth to rock.l large 
slope. I 1 depth to rock. I 

I I 
Rock outcrop. I 

I 
I I I 
I I I 

32, 33------------ISlight---------ISevere: IDeep 
Manzano I I piping. I 

: I 
34 4 : I : I 
Manzano----------ISlight---------ISevere: !Deep 

I I piping. I 
I I I 
I I I 

Ruidoso----------IModerate: IFavorable------IDeep 
I slope. 1 : 
I I I 
I I I 

35*: : : : 
Mimbres----------IModerate: !Moderate: !Deep 

: seepage. I piping. I 
f : : 

Arizo------------:severe: :severe: :Deep 
seepage. seepage. I 

Riverwash. I 
I 
I 

36----------------ISevere: 
Muzzler I depth to 

1 slope. 
I 
I 

37*: : 

I I 
I I 
I I 
I I 
I 
I 

: 
I Severe: 

rock,i large stones. 
I 
I 
I 
I 
I 
I 

I 
I 

I Deep 
I 
I 
I 
I 

I 
I 

to water 

to water 

to water 

to water 

to water 

to water 

Muzzler----------ISevere: :severe: IDeep to water 

Rock outcrop. 

I depth to 
I slope. 
: 
I 
I 

38*: : 
Nickel-----------l Severe: 

: slope. 
I 
I 

Upton------------ I Severe: 
1 cemented 
I 
I 
I 
I 

39*, 40*: : 
Oro Grande-------ISevere: 

depth to 
slope. 

Rock outcrop. 

41 *. 
Orthents 

I 
I 

42----------------:severe: 
Paymaster I seepage, 

1 slope. 
I 
I 

113*' 4ll*: : 
Paymaster-------- I Severe: 

I seepage. 
I 
I 

rock,l large stones. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:severe: 
I seepage. 
I 
I 

I Moderate: 
pan. large stones. 

I 
I 
I 
I 

: 
:severe: 

rock,l large stones. 
I 
I 

I 
I 
I 
I 

:severe: 
piping. 

I 
I 

:severe: 
piping. 

See footnote at end of table. 

I 
I 
I 
I 

I 
I 

: 
I 
I 

IDeep to water 
I 
I 

I 
IDeep to water 
I 
I 

: 
I 
I 
I 
I 

IDeep to water 
' I : 

I 
I 

IDeep to water 
: 
: 
' I 
' I 
!Deep to water 
I 
I 

: 

I 
I 
I 

I I I 

IFavorable------IFavorable------IFavorable. 
I 
I 

' I 
I I 

I I I 

IFavorable------IFavorable------IFavorable. 
I 
I 

: 
!Peres slowly, 
1 slope. 
I 
I 
I 
I 

IErodes easily, 
I floods. 

I 
I 

I Peres 
I 
I 
I 
I 
I 
I 

I Erodes 

I I 
I I 

I 
I 
I 
I 

slowly---IPercs slowly. 
: 
I 
I 
I 
I 

easily lErodes easily. 

:Droughty, IToo sandy------ Droughty. 
I fast intake, 
I soil blowing. 
I 
I 

' I 
!Large stones, 
I droughty, 
I peres slowly. 
: 
I 
I 

!Large stones, 
I droughty, 
I peres slowly. 

' I 
I Slope, 
I 1 arge 
I depth 
I 
I 
I 
I 

I Slope, 
I large 

I 
I 
I 
I 
I 
I 

depth 

Large stones, 
stones, slope, 
to rock. I droughty. 

I 
I 

: 
!Large stones, 

stones, I slope, 
to rock.l droughty. 

' I 
Droughty, 
slope. 

I Small stones, 
I slope. 

I Slope, 
1 droughty. 

I 
I ' I 

Droughty, ILarge stones, ILarge stones, 
I droughty, I cemented pan, I cemented pan. 

I slope. I 
I I 
I I 
I I 
I I 

I Large stones, I Slope, 
I droughty, I large 

' I 
I 
I 
I 
I 
I 

depth to rock.l depth 

1 cemented pan. 
I 
I 

' I 
lLarge stones, 

stones, I slope, 
to rock.: droughty. 

I I I 

ISlope----------:slope----------ISlope. 
I I I 
I I I 

I I 
I I 
I I 
I I 

: I : 
ISoil blowing---ISoil blowing---IFavorable. 

: I 
I 
I 
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TABLE 9.--WATER MANAGEMENT--Continued 

Soil name and 11~----~~L~i~m~i~t~a~t~i~o~n~s~f~o~r~-~-~~---+--------------~----~Fe~a~t~u~r~e~s~a~f~f~e~c~t~i~n~g--_-~---r--------------Pond I Embankments, I Terraces I 
map symbol I reservoir I dikes, and Drainage Irrigation I and I Grassed 

waterways I areas I levees I I diversions I 
I 1 f I I 
f I I I I 

43*, 44*: I I I I I I 
Ellicott---------ISevere: :severe: !Deep to water !Droughty, !Too sandy------IDroughty. 

seepage. I seepage, I I fast intake. I 
I piping. : I I 
I I I I 
I f t I 

45*: : : 
Paymaster--------ISevere: !Severe: 

I seepage. I piping. 
: : 

Ellicott---------ISevere: :severe: 
I seepage. I seepage, 
: 1 piping. 
I I 
I I 

Manzano----------ISlight---------ISevere: 
I I piping. 

46*: 
Pits. 

Dumps. I 

' I 
I 

47----------------ISevere: 
Plack I cemented 

I 
I 

48*: : 
Plack Variant----ISevere: 

I depth to 
I 

' Guy-------------- I Severe: 
I seepage. 
: 

49*: : 
Plack Variant----ISevere: 

I depth to 
I slope. 
I 
I 

Guy-------------- I Severe: 

50*. 
Riverwash 

51*: 
Rock outcrop. 

I seepage, 
I slope. 
I 
I 

: 
I 
I 
I 
I 
I 

' ' I 
' ' Graham----------- I Severe: 

52*: 
Rock outcrop. 

Lithic 
Ustorthents. 

53*: 
Rock outcrop. 

: 

depth to 
slope. 

Luzena-----------ISevere: 
I depth to 
I slope. 
: 

54 11 : I 
Rock outcrop. I 

I 
I 

Muzzler----------ISevere: 
depth to 
slope. 

I 
I 
I 
' I 
I 
I 
I 
I 

:severe: 
pan. 1 thin layer. 

I 
I 

I 
:severe: 

rock. I piping. 
I 
I 

:severe: 
I piping. 
I 
I 
I 
I 

:severe: 
rock,l piping. 

: 
I 

' I Severe: 

I 
I 
I 
I 
I 
I 
I 
I 

seepage. 

:severe: 
rock,l thin layer. 

I 
I 

I 

' I 
: 
' ' I Severe: 

rock,! thin layer. 
I 
I 

' I 
' ' : 
: 
!Severe: 

rock,! large stones. 
' I 
I 

See footnote at end of table. 

: I : ; 
!Deep to water ISoil blowing, ISoil blowing---IFavorable. 
I I slope. I I 
I I f I 
I I I I 

!Deep to water !Droughty, IToo sandy------IDroughty. 
I I fast intake. I I 
I I 
I I 
I I 
i I I I 

!Deep to water IFavorable------IFavorable------IFavorable. 
I I I 
I I I 
I I I 
I I I 

' I 
I 

' : 
: 
!Deep to water 
I 

' : 
I 
I 

IDeep to water 
I 
I 

I 
!Deep to water 
I 
I 

I 
I 
I 

!Deep to water 
I 
I 
I 
I 
I 
I 

!Deep to water 
: 
: 

I 
I 
I 
I 
I 
I 

!Deep to water 
I 
I 
I 
I 

' ' !Deep to water 
: 

: 
IDeep to water 
: 
I 
I 
I 
I 

I 

• 
• I . 
I 

I 
I I 
I I 

:cemented pan, :cemented 
: 

pan---ICemented pan. 
I slope. I 
l : 
I I 
I I 

I 
I 

!Depth. to rock, !Depth to rock, I Erodes easily, 
: slope. I erodes easily.: depth to rock. 
I : : 
!Droughty, !Large stones---ILarge stones, 
I slope. I I droughty. 
I l : 
I I I 
!Depth to rock, !Slope, !Slope, 
I slope. I depth to rock, I erodes easily, 
I I erodes easily. I depth to rock. 
I t I 
!Droughty, ISlope, !Large stones, 
I large stones, I large stones. I slope, 
I slope. I I droughty. 
I I I 
I I I 
I I I 
I I I 

: : : 
I I : 
I : l 
I I : 
I I I 
I I I 

I Peres slowly, I Slope, I Slope, 
depth to rock, I depth to rock, I depth to rock, 
slope. I peres slowly. l peres slowly. 

: 

I 
I 

l 

l : 
I Peres slowly, I Slope, 
I depth to rock.: large 
I depth 
I 
I 

: 
I 
I 
I 
I 

!Large stones, 
I droughty, 
I peres slowly. 
: 

I 
I 

I Slope, 
I large 
I depth 
I 
I 

I 

' : 
!Large stones, 

stones, I slope. 
torock.l 

I 
!Large stones, 

stones, I slope, 
to rock. I droughty. 

: 
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TABLE 9.--WATER MANAGEMENT--Continued 

Limitations for--
Soil name and 

map symbol 
Pond Embankments, 

reservoir dikes, and 
areas levees 

55---------------- Moderate: 
Ruidoso slope. 

56*: 
Ruidoso---------- Moderate: 

slope. 

Muzzler---------- Severe: 
depth to rock, 
slope. 

57*: 
Sampson----------,Moderate: 

: seepage, 
: slope. 
' ' Dagflat---------- Severe: 

seepage. 

58*: 
Sanloren--------- Moderate: 

seepage, 
slope. 

Majada Variant--- Severe: 
slope. 

59*, 60*, 61*: 
Santa Fe--------- Severe: 

depth 
slope. 

Rock outcrop. 

62---------------- Severe: 
Santana depth 

slope. 

63*: 
Santana---------- Severe: 

depth 
slope. 

Rock outcrop. 

64*: 
Santana---------- Severe: 

depth 
slope. 

Rock outcrop. 

65*: 

to 

to 

to 

to 

rock, 

rock, 

rock, 

rock, 

Stellar---------- Slight---------

Mohave----------- Moderate: 
slope. 

66*: 

Moderate: 
hard to pack. 

Moderate: 
hard to pack. 

Severe: 
large stones. 

:severe: 
: piping. 

Severe: 
thin layer. 

Moderate: 
large stones. 

Severe: 
piping, 
large stones. 

Severe: 
thin layer. 

Severe: 
piping. 

Severe: 
piping. 

Severe: 
piping. 

Moderate: 
piping. 

Moderate: 
piping. 

Stellar---------- Slight--------- Moderate: 
piping. 

Drainage 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Verhalen--------- Slight--------- Moderate: Deep to water 
hard to pack, 
excess salt. 

See footnote at end of table. 

Features 

Irrigation 

Peres slowly, 
slope. 

Peres slowly, 
slope. 

Large stones, 
droughty, 

affecting--
Terraces 

and 
diversions 

I 
I 

' ' 

Grassed 
waterways 

Peres slowly---:Percs slowly. 
' 

Peres slowly--- Peres slowly. 

Slope, 

: peres slowly. 
1 large stones, 

depth to rock. 

Large stones, 
slope, 
droughty. 

' ' ' I 
I 

' ' :Fast intake, 
: slope. 

Soil blowing---:Favorable. 
' I 

I 
I 
I 
I 

' I 
' ' :Depth to rock, 

: slope. 
Depth to rock, :Erodes easily, 
erodes easily.' depth to rock. 

' 
Large stones, Large stones, 
slope. erodes easily. 

Large stones, Slope, 
droughty, large stones. 
slope. 

Droughty, Slope, 
depth to rock,, depth to rock. 
slope. : 

' I 
' ' ' ' Droughty, :Slope, 

Large stones, 
erodes easily. 

Large stones, 
slope, 
droughty. 

Slope, 
depth to rock. 

Slope, 
fast intake, : depth 
depth to rock.: 

to rock. depth to rock. 

' I 
' ' I I 

Depth to rock :slope, :slope, 

Depth to rock 

: depth to rock,: erodes easily, 
: erodes easily.: depth to rock. 
' ' I I 

' I 
:Slope, 
: depth to rock. 

Slope, 
depth to rock. 

Peres slowly--- Favorable------ Peres slowly. 

Slope---------- Favorable------ Favorable. 

I 

Peres slowly--- Favorable------:Percs slowly. 

Slow intake, 
peres slowly, 
excess salt. 

' ' Peres slowly---:Percs slowly. 
' I 
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TABLE 9.--WATER MANAGEMENT--Continued 

Limitations for--
Soil name and 

map symbol 
Pond Embankments, 

reservoir dikes, and Drainage 
areas levees 

I 
I 
I 
I 

66*: : 
Mimbres---------- I Moderate: 

: seepage. 
I 
I 

67----------------ISlight---------
Stirk Variant : 

I 
I 

68----------------:severe: 
Tesajo I seepage, 

: slope. 

69*: 
I 
I 

Tesajo----------- Severe: 
seepage. 

Manzano---------- Moderate: 
seepage. 

70--------~------- Moderate: 
Tres Hermanos seepage, 

slope. 

71*: 
Tres Hermanos----~Moderate: 

: seepage, 
: slope. 
I 

Lehmans---------- Severe: 

72*: 

depth to rock, 
slope. 

Tres Hermanos---- Moderate: 
seepage. 

Upton------------ Severe: 
cemented pan. 

73*: 
White 

I 
I 
I 

House------l Moderate: 
slope. 

Ruidoso. 

Severe: 
excess salt. 

Severe: 
hard to 

Severe: 
seepage. 

Severe: 
seepage. 

Moderate: 
piping. 

pack. 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Deep to water 

Slight--------- Deep to water 

Slight--------- Deep to water 

Severe: Deep to water 
thin layer. 

Slight--------- Deep to water 

Moderate: Deep to water 
large stones. 

Slight---------~Deep to water 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Features affecting--
Terraces 

Irrigation and Grassed 
waterways diversions 

Erodes easily, Erodes easily Excess salt, 
excess salt. erodes easily. 

Droughty, Peres slowly--- Droughty, 
peres slowly. peres slowly. 

Droughty, Slope---------- Slope, 
slope. droughty. 

Droughty------- Favorable------ Droughty. 
I 
I 
I 

Favorable------IFavorable------ Favorable. 
I 
I 
I 
I 

Slope----------IFavorable------ Favorable. 
I 
I 
I 
I 

: 
Slope---------- Favorable------ Favorable. 

Peres slowly, 
depth to rock, 
slope. 

Slope, 
depth to rock, 
peres slowly. 

Slope, 
depth to rock, 
peres slowly. 

Soil blowing--- Favorable------~Favorable. 

Droughty, 
cemented pan. 

Peres slowly, 
slope. 

I 
I 
I 
I 

Large stones, !Large stones, 
cemented pan. : droughty, 

: cemented pan. 
I 
I 
I 
I 

Peres slowly---IPercs slowly. 
I 
I 
I 
I 
I 
I 
I 
I 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES 

[The symbol > means more than. Absence of an entry indicates that data were not estimated] 

I Classification ,Frag- Percentage passing I 

Soil name and Depth I USDA texture lments sieve number-- 'Liquid Plas-
map symbol I Unified AASHTO I > 3 limit ticity I ,, 

I I inches 4 10 40 200 index I 

In I Pet Pet 

1.: I I 
I I 

Abrazo---------- 0-4 Cobbly clay loam ML, CL A-6, A-7 I 15-35 85-95 80-90 75-85 160-70 35-45 10-20 
4-24 Clay, clay loam CL, CH A-7 0 95-100 95-100 85-100175-90 40-60 15-35 

24-28 Clay, gravelly 1 CL, CH A-7 0 70-100 65-100 60-100155-85 40-60 20-35 
clay. I 

I 

28 Unweathered I ---I 

bedrock. 
I 
I 

Luzena---------- 0-3 Cobbly loam------ CL-ML A-4 25-30 90-100 85-90 70-85 150-70 25-30 5-10 
3-12 Gravelly clay, CL, CH A-7 5-20 70-100 65-95 55-80 1 50-75 45-55 20-30 

clay. 
12 Unweathered 

I bedrock. I 
I 
I I 

2*: I I 
I I I 

Abrazo----------1 0-2 Very cobbly clay ML, CL A-6, A-7 I 15-35 85-95 80-90 175-85 60-70 35-45 10-20 
loam. I 

I 

2-27 Clay, clay loam CL, CH ~A-7 0 95-100 95-100185-100 75-90 40-60 15-35 
27 Unweathered I ---I 

bedrock. 
I 
I 

Luzena---------- 0-1 Gravelly clay sc, SM-SC, l A-4, A-6 0-15 70-85 70-80 60-70 40-50 25-40 5-20 
loam. GC, GM-GCl 

1-14 Gravelly clay, CL, CH IA-7 5-20 70-100 65-95 55-80 50-75 45-55 25-35 
clay. 

14 Unweathered 
bedrock. I 

I 
I 
I 

3---------------- 0-4 Fine sandy loam SM, ML IA-4 0 195-100 90-100 55-85 35-65 20-30 NP-5 
Anthony 4-60 Fine sandy loam, SM IA-2, A-4 0 95-100 90-100 50-85 30-50 20-30 NP-5 

I sandy loam. I 
I I 
I I I 
I I I I 

4---------------- 0-2 /Clay loam-------- CL IA-6 0 90-100 85-95 170-85 50-70 30-40 10-20 
Boy sag 2-141Clay loam, clay, CL IA-7 0 90-100 70-85 170-80 60-70 40-50 15-25 

gravelly clay 
loam. 

14 Unweathered 
bedrock. 

5*: 
Boysag---------- 0-3 Sandy clay learn 1CL A-6 0 90-100 85-95 70-85 50-70 30-40 10-20 

3-18 Clay loam, clay, CL A-7 0 90-100 70-85 70-80 60-70 40-50 15-25 
gravelly clay 
loam. 

18 Unweathered I ---
bed rock. 

Abrazo---------- 0-10 Sandy loam------- SM A-2 0 80-100 75-100 45-65 25-35 20-25 NP-5 
10-25 Clay, clay loam CL, CH IA-7 0 95-100195-100 85-100 75-90 40-60 15-35 

25 Unweathered I 
I 

bedrock. I 
I 
I 
I 

Santana--------- 0-4 Sandy loam------- SM /A-2, A-4 0 95-100 95-100 60-70 30-40 20-25 NP-5 
4-14 Gravelly loam, SM-SC, SC,IA-4, A-6 0 70-85 65-85 50-70 135-55 25-35 5-15 

sandy clay loam, CL-ML, CLl 
loam. 

14 Unweathered 
bedrock. 

I 
I 

6*: I I I I 
I I I I 

Bucklebar-------1 0-3 :sandy loam------- SM, ML A-2, A-4 0 195-100 95-100 60-85 /30-55 15-25 NP-5 
3-60/Sandy clay loam, SM-SC, sc, A-6, A-4 0-5 190-100 90-100 60-85 140-60 25-35 5-15 

I clay loam. CL-ML, CL I 
I 
I 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I Ciassrf'Icat!on Frag- I Percentage passing I I 

Soil name and !Depth USDA texture I ments I sieve number- Liquid Plas-I 

map symbol ' Unified ' AASHTO > .3 ' limit ticity I ' I 

inches' 4 10 40 200 index 
n c c 

6*: 
Sonoita--------- 0-4 Loamy sand------- SM A-1, A-2 0-5 70-100 65-95 30-60 10-20 NP 

4-60 Gravelly sandy SM-SC A-2 0-5 70-95 65-95 40-65 15-35 15-25 NP-5 
loam, sandy 
loam, gravelly 
loamy sand. 

Continental----- 0-7 Sandy loam------- SM-SC A-2 0 90-100 90-100 55-70 25-35 20-30 5-10 
7-391Gravelly clay, CL, CH, sc A-7 0-5 80-95 50-90 50-70 35-65 45-55 20-30 

' clay, sandy I 

' ' clay. I 

39-601Silty clay loam, CL-ML, CL A-4, A-6 0-5 90-100 90-100 80-90 50-65 25-40 5-15 
' clay loam, sandy I 

' clay loam. I 

7*: ' Car nero--------- 0-3 Fine sandy loam SM A-4, A-2 0-5 85-100 75-100145-75 25-50 20-25 NP-5 
3-34 Clay, silty clay CL, CH A-7 0-5 85-100 80-100'80-100 60-95 40-55 15-30 

loam, clay loam. 
34 Unweathered 

bedrock. 

Santa Fe-------- 0-3 Gravelly sandy GM, SM A-1, A-2 0-10 55-80 50-75 30-50 15-30 20-25 NP-5 
loam. I 

3-18 Very gravelly IGC A-2 0-10 35-55 30-50 25-45 20-35 25-35 10-15 
loam, very 
gravelly clay 
loam. I 

18 Weathered bedrock! I ---
' ' I I 

8---------------- 0-2 Gravelly loam----ISM-SC A-4 0-5 70-80 160-75 55-70 40-50 20-30 5-10 
Conger ' 2-13 Clay loam-------- CL-ML A-4 0-5 90-100'80-100 70-85 60-70 20-30 5-10 

13 Indurated--------

9*: 
Conger---------- 0-1 Fine sandy loam-- SM A-4, A-2 0-5 85-100 75-100 45-75 25-50 20-25 NP-5 

1-10 Sandy clay loam, SM-SC A-4, A-6 0 70-90 60-85 ,55-80 35-50 20-30 5-10 
gravelly clay I 

I 

loam. ' I 
10 Indurated-------- ' I 

I 
I 

Stellar--------- 0-6 Sandy clay loam sc, SM-SC, A-6, A-4 0 100 100 185-95 40-60 20-35 5-15 
CL-ML, CL I 

6-60 Clay, sandy clay, CH, CL, sc A-7 0 100 100 80-95 145-90 40-60 15-30 
clay loam. ' I 

' I I 

10*: I I 
I I 

Continental-----, 0-5 :sandy clay loam-- sc A-6 0 90-100 90-100 75-90 135-50 30-40 10-20 
' 5-24'Clay loam, clay CL, CH A-7 0 100 100 90-100170-80 40-55 15-30 I 

124-60 Very gravelly GM-GC, GM, A-2 0-15 60-75 45-60 35-55 120-30 20-40 5-15 
sandy clay loam, SM-SC, SM ' 
g1•avelly sandy 
clay loam, 
gravelly fine 
sandy loam. 

' I 
Nickel---------- ' 0-8 Gravelly sandy GM, SM A-1, A-2 0-5 55-80 50-75 130-70 10-30 NP 

loam. ' 
8-19 Very gravelly GP-GM, GM, A-1 0-10 30-60 20-55 15-35 5-15 NP 

Sl!lndy loam, very' SP-SM, SM 
gravelly fine 
sandy loam, 
gravelly sandy I 

loam. ' I 
19-60,Very gravelly GP-GM, GM, A-1 0-10 30-60 120-55 15-35 5-15 NP 

I sandy loam, very SP-SM, SM I 

I gravelly loamy 
sand, gravelly 
sandy loam. 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

Soil name and 
map symbol 

I I 

IDepthl USDA texture 
Classification 1Frag- 1 Percentage passing 1 

_ __::_:::..:=.::=.:....;:.;::.::.:~.:.:.._- Jments : sieve number-- I Liquid 
I > 3 :----~~~~~~~~---: limit I I 

I I Unified AASHTO 

I 
I 
I 

1 1 *: : 
Dagflat---------1 

n 1 
I 
I 
I I 
I I 

0-8 ILoam-------------ICL-ML 
8-311Coarse sandy SM-SC 

I loam, sandy clay 
: loam, gravelly 
I sandy clay loam. 

31 :unweathered 
I bedrock. 
I 

' 

I 
I 

IA-4 
JA-2, 
I 
I 
I 
I 

I 
I 

A-4 

Santa Fe-------- 0-2 !Gravelly sandy GM, SM IA-1, A-2 

12*, 13*: 
Encierro--------

Rock outcrop. 

I 
I 
I 
I 
I 
I 
I 
I 

14 11 : I 
Gaddes----------1 

I 
I 
I 
I 

: 

I loam. 
2-181Very gravelly GC 

: loam, very 
I gravelly clay 
I loam. I 

18 !Weathered bedrock; 

0-2 
2-9 

9 

I 
I 
I 

I I 

IGravelly loam----IGM, ML, 
!Gravelly clay, ICL 1 SC, 
: clay, clay loam. I CH, GC 
:unweathered 

I 
I 
I 
I 
I 
I 

bedrock. 

I 
I 

0-2 !Gravelly sandy 
I loam. 

ISM 
I 
I 

2-221Gravelly sandy :sc 
: clay loam, 
: gravelly clay 
I loam. I 

22 !Weathered bedrock! 
I I 
I I 

I 
I 

IA-2 

I 
I 

SMIA-4 
IA-6, 
: 
: 
I 
I 
I 
I 

A-1 

A-2 

A-7 

I 
Ruidoso---------: 0-3 !Clay loam--------ICL-ML, CL 

3-601Clay loam, clay, ICH, CL 
A-4, A-6 
A-6, A-7 

I sandy clay. I 
I I 
I I 

1511: I I I 
I 
I 
I 
I 

Gaddes----------1 0-2 IGravelly sandy ISM IA-1 

I 
I 
I 
I 
I 
I 
I 
I 

Santa Fe--------: 

Rock outcrop. 

I 
: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

16---------------: 
Gila Variant 

: loam. I 
2-221Gravelly sandy ISC 

: clay loam, 
I gravelly clay 
: loam. I 

22 !Weathered bedrock! 
I 

0-2 !Gravelly sandy 
: loam. 

2-181Very gravelly 
I loam, very 
I gravelly clay 
: loam. 

I 
I 

IGM, SM 
I 
I 

IGC 

I 
I 
I 
I 

1 8 I Weathered bedrock I 

I 
I 

IA-2 

I 
I 
I 
I 

I A-1, 
I 
I 

IA-2 

I 

' I 
I 
I 
I 

I I 
I I 

0-8 !Fine sandy loam ISM, SM-SC,IA-4 
I I ML, CL-MLI 

1 8-l~ILoam-------------ICL-ML, ML lA-~ 
I1~-601Stratified fine ICL-ML, ML lA-~, 

I sandy loam to I : 
I silty clay loam.: I 
I 
I 

See footnote at end of table. 

A-2 

A-6 

linchesl 4 10 40 200 I 
Po 

0 
0 

I 
I 
I 
I 

I I I 

185-100]80-100170-90 
180-100160-100140-85 

I 
I 
I 
I 
I 

150-65 
120-50 

I I 
I I 

I t t I 
I t l I 

0-10 155-80 150-75 130-50 115-30 
I I t I 
I I I I 

0-10 135-55 130-50 125-45 120-35 

0-5 
0-5 

I 
I 
I 
I 

165-85 
155-85 

: 

I 
I 
I 
I 

60-80 150-75 35-60 
50-80 145-70 35-55 

0-10 75-95 165-75 30-40 15-25 
I 
I 

0-25 80-90 155-70 25-40 20-35 

0 
0 

I 
I 

100 : 100 
100 : 100 

: 
I 
I 

I 
I 

190-100 70-90 
190-100 70-:95 

I I 1 
0-10 175-95 165-75 130-40 115-25 

1 r J : 

0-25 180-90 155-70 125-40 120-35 

0-10 

0-10 

0 

0 
0 

I 
I 
I 
I 

155-80 
I 
I 

135-55 

100 

100 
100 

I 
I 
I 
I 

150-75 
: 
130-50 

100 

100 
100 

130-50 
I 
I 

l25-ll5 

I 
I 

180-85 
I 
I 

185-95 
175-95 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

: 15-30 
I 
I 

120-35 

I 
I 
I 
I 
I 
I 
I 
I 

: 
140-55 
I 
I 

160-75 
: 50-80 

c 

20-30 
25-30 

20-25 

25-35 

15-25 
35-55 

20-30 

30-40 

25-35 
35-65 

20-30 

30-40 

20-25 

25-35 

20-30 

25-30 
25-40 

145 

Plas
ticity 
index 

5-10 
5-10 

NP-5 

10-15 

NP-5 
15-25 

NP-5 

10-20 

5-15 
15-35 

NP-5 

10-20 

NP-5 

10-15 

NP-10 

5-10 
5-15 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

i::IassHicaHon iFrag- I Percentage passing I 
I I 

Soil name and Depth USDA texture 'ments I sieve number-- 'Liquid Plas-I 

map symbol Unified AASHTO > 3 I limit ticity I 

inches: 4 10 40 200 index 
n Pet I I Pet 

I I 
I I I 

17--------------- 0-8 Very cobbly loam SM A-2, A-4, 0-50 170-100160-70 I 40-6'0 20-50 25-35 NP-10 
Guy A-1 I I I 

I I I 

8-31 ,Gravelly sandy SM A-1, A-2, 0-25 '70-100'65-95 '40-70 20-50 20-30 NP-5 
I loam, sandy A-4 I 
I loam, gravelly I 
I loam. I I 

I31-601Gravelly loamy SM A-1 I 5-10 70-80 60-70 30-40 10-25 NP 
I I sand. I I 
I I 
I I I 

18*: I I I 
I I I 

Guy------------- 0-8 I Gravelly loam---- SM 'A-2, A-4, 0-10 70-100 60-70 40-60 ,20-50 25-35 NP-10 
I A-1 I I I 

8-60 'Gravelly sandy SM A-1, A-2, 0-25 70-100 65-95 40-70 120-50 20-30 NP-5 
loam, sandy A-4 I 

I 

loam, loam. I 
I 
I 
I 

Lonti----------- 0-6 Gravelly sandy sc A-2, A-6 0-5 ,70-80 60-75 ,50-70 130-50 30-40 10-15 
clay loam. I I I 

I I I 

6-25 Clay------------- CL, CH A-7 0-5 I 100 100 170-100175-95 40-55 15-30 I 

25-60 Gravelly sandy GM-GC, 1 A-2 0-5 155-80 50-75 140-60 20-35 20-30 5-10 
clay loam, SM-SC 

I gravelly clay 
I loam. I I 

I I I I 
I I I I 

19---------------1 0-2 I Silty clay loam CL-ML, CL IA-4, A-6 0 195-100 80-100 75-95 60-80 20-40 5-15 
Haver son 2-60 I Stratified clay ML 'A-4 0 195-100 75-100 75-90 50-60 20-35 NP-10 

I loam to sand. I 
I I 
I I 

20*: I I 
I I 

Hondale---------1 0-5 :sandy loam------- SM A-2, A-4 0 100 100 50-75 20-40 NP 
I 5-28 Clay, clay loam, CL, CH A-7 0 100 100 90-100 75-95 40-55 20-30 I 
I silty clay. I 

'28-60 Clay loam, sandy ML A-4, A-6 0 100 100 80-100 50-80 30-40 5-15 
clay loam, sandy' 
clay. 

I I 
I I 

Verhalen-------- 0-10 Silty clay------- CL, CH IA-7-6 0 95-100195-100 90-100 70-95 45-65 25-40 
10-60 Clay, silty clay, CL, CH I A-7-6 0 95-100195-100 90-100 70-95 45-65 25-40 

clay loam. I 
I 
I 

21--------------- 0-10,Sandy clay loam CL-ML, CL, A-4, A-6 0-5 100 I 100 80-90 35-55 25-35 5-15 I 

Jon ale SM-SC, SM I 
I 

10-60 Sandy clay loam, CL-ML, CL, A-4, A-6 I 0 95-100190-100 80-95 35-65 25-35 5-15 
loam, clay loam. SM-SC, sc I 

I 
I 
I 

22*: I 
I 

Judd------------ 0-2 Loam------------- CL-ML A-4 0 95-100190-100 85-95 60-75 25-30 5-10 
I 2-18 Clay loam, clay CL A-6, A-7 0 95-100190-100 85-100 70-90 35-50 15-30 
: 18-60 Loam, clay loam, CL-ML, CL, A-4, A-6 0-15 80-100 70-100 70-90 45-65 20-35 5-15 
I sandy clay loam. SM-SC, sc I 
I 
I 

Manzano--------- I 0-15,Gravelly loam---- GM, ML, SM'A-4 0-5 65-85 60-80 50-75 35-60 15-25 NP-5 
I15-351Loam, clay loam CL, CL-ML A-4, A-6 0 100 100 85-100 60-85 25-40 5-15 
I35-601Sandy loam------- SM A-2, A-4 0 I 100 100 60-70 30-40 20-30 NP-5 

I 
I 

23*: I 
I 

Lehmans--------- 0-1 I Gravelly sandy GM, SM A-2 0-15 60-80 55-75 40-65 20-35 30-40 5-15 
I clay loam. I 

1-151Clay, gravelly CH, sc A-7 0-5 75-100 55-80 50-75 40-65 50-60 30-40 
I clay, gravelly I 
I clay loam. I 

15 I Unweathered 
bedrock. 

Lithic 
Haplargids. 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

Classification Frag- Percentage passing 
Soil name and Depth USDA texture ments sieve number- Liquid Plas-

map symbol Unified AASHTO > 3 limit ticity 
inches 4 10 40 200 index 

n Pc Pet 

24*: 
Lithic 
Haplargids. 

Rock outcrop. 

25--------------- 0-4 Gravelly loam---- CL-ML, A-4 0-5 70-80 60-75 50-70 35-55 25-30 5-10 
Lonti SM-SC 

4-23 Gravelly clay, CL, CH, sc A-7 0-5 75-85 60-75 55-70 45-65 40-55 20-30 
gravelly clay 
loam. 

23-60 Gravelly sandy GM-GC, GC,'A-2, A-4 0-5 55-80 50-75 45-70 30-55 25-35 5-15 
clay loam, SM-SC, 
gravelly clay CL-ML 
loam. I 

I 
I 
I 

26--------------- 0-4 Gravelly clay GM, SM A-6, A-7 0-5 55-80 50-75 45-65 135-50 35-45 10-15 
Lonti loam. I 

I 

4-22 Clay------------- CL, CH A-7 I 0-5 100 100 90-100175-95 45-60 25-50 I 

22-60 Gravelly sandy ,GM-GC, GC, A-2, A-4, I 0-5 55-80 50-75 145-65 125-40 25-35 5-15 
loam. SM-SC, sc A-6 

27*: I 
I I 

Lonti----------- 0-4 Gravelly loam---- CL-ML, A-4 0-5 70-80 60-75 150-70 35-55 25-30 5-10 
SM-SC I 

I 

4-23 Gravelly clay, CL, CH, sc A-7 0-5 175-85 60-75 155-70 45-65 40-55 20-30 
gravelly clay I 

I 

loam. I 
I 

23-60 I Gravelly sandy ,GM-GC, GC, A-2, A-4 0-5 55-80 50-75 145-65 25-40 25-35 5-15 
I clay loam. I SM-SC, sc A-6 I 
I I I 
I I I 
I I I I 

Denver Variant-- 0-2 :clay loam--------ICL-ML, CL A-6 0 100 100 190-100 70-90 25-40 10-15 
2-301Clay-------------ICL, CH A-7 0 100 100 190-100 75-95 45-65 I 20-40 

'30-60 I Gravelly clay----ICL, CH, GC A-7 I 0 55-80 50-75 I 45-70 40-65 45-65 20-40 I 
I I I 
I I I 

28*: I I I 
I I I 

Lonti----------- 0-4 'Gravelly loam----ICL-ML, A-4 I 0-5 70-80 60-75 50-70 35-55 25-30 5-10 I 
I SM-SC I 

I I I 

4-34 Clay-------------ICL, CH A-7 I 0-5 100 100 90-100175-95 45-60 25-50 I 

34-60 Gravelly sandy IGM-GC, GC, A-2, A-4, I 0-5 55-80 50-75 45-65 '25-40 25-35 5-15 
clay loam. I SM-SC, sc A-6 I 

I I 
I I 
I I 

Manzano---------, 0-15 Loam-------------ICL-ML A-4 I 0 100 100 85-100 60-80 20-30 5-10 
: 15-60 Loam, clay loam. ICL, CL-ML A-4, A-6 0 100 I 100 85-100 60-85 25-40 5-15 
I I 
I I 

29*: I I 
I I I 

Lonti-----------1 0-4 :Gravelly loam----ICL-ML, A-4 0-5 170-80 60-75 50-70 35-55 25-30 5-10 
I I SM-SC I I 

4-29'Gravelly clay, ICL, CH, sc A-7 0-5 75-85 60-75 155-70 45-65 40-55 20-30 
gravelly clay I 

I 

loam. I I 
I I 

29-60 Gravelly sandy IGC, sc, A-2, A-4 0-5 55-80 50-75 145-65 25-40 25-35 5-15 
clay loam, I GM-GC, A-6 I 

I I 

gravelly sandy I SM-SC I 
I I 

loam. I 
I 
I 

I I 

Ustorthents. I I 
I I 
I I 
I I 

30--------------- 0-4 Very gravelly GC A-2 0-15 135-60 130-50 125-45 15-35 35-50 10-15 
Luzena sandy clay loam. I I I 

I I I 

4-15 Gravelly clay, CL, CH A-7 5-20 170-100165-95 155-80 50-75 45-55 25-35 
clay. 

15 Unweathered 
bedrock. 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I Classification IFrag- I Percen'.t·age ·pas·si.ng " I I " SoH name and I Depth USDA texture lments I .si·eve :number-- ,/Liquid 1Plas-I 

·map symbol I Unified AASHTO I > 3 I I l'imi.t 'ti·cl;t·y I I I 

'inches/ 4 10 40 200 I i'ndex I 

In I Pet I I I Pet 
I I I I 
I I I I 

31 *: I I I I 
I I ., I 

Luzena---------- 0-2 Gravelly loam---- sc, SM-SC' I A-4' A-6 0-15 70-85 '70-80 :1 60-70 /·40-.50 25-'40 5-20 
·GC, GM-GC ., I II 

I ,, .. 
2-l6,Gravelly clay., CL, CH A-7 5-20 70-100 65-95 /55-80 '/'50..:75 45..:55 ,, 

·25-35 ,, 
I clay. .. I 
I 'I I 

16 /Unweathered I 
I 

I ·bedrock. I 
I I 
I ., ., I 

Rock outcrop. I I 
I I 
I I 
I I I I 

32--------------- 0-3 ./Loam-------------/CL-ML A-4 0 100 I 100 /85-100/60-80 20-30 ·5-1 0 
Manzano 3-60./ Loam, clay loam /CL, CL-ML 1 A-4, A-6 0 100 100 'I 85-1 oo I 60-'85 25-40 '5-1'5 

I I I II I 
I I I I I 

33--------------- 0-3 /Loam-------------/CL-ML I A-4 0 100 100 /85-100/60-80 20-30 5-10 
Manzano 3-60.1 Loam, clay loam /CL, CL-ML /A-4, A-6 0 100 100 185-100/60-85 25-40 '5-15 

I I I I 
I I I I 

34*: I I I I 
I I I •I I 

Manzano--------- 0-201Loam-------------/CL-ML /A-4 0 100 100 /85-100160-80 20-30 5-10 
20-60.1 Loam, clay loam I CL, CL-ML /A-4, A-6 0 100 100 /85-100/60-85 25-40 5-15 

I I I I I 
I I I I I I 

Ruidoso--------- 0-·1 0,/ Clay loam--------/CL /A-6, A-7 0 100 100 I 90-1 oo I 85-'.95 35-45 15-25 
10-60/Clay loam, clay, ICH, CL IA-6, A-7 0 100 100 ./'90- 1 00;/70-95 35..:65 15-35 

I sandy clay. I I ,, 
I I I I 
I I I I 
I I I ., 

35*: .. I II 
I I I 

Mimbres--------- 0-6 JLoam------------- CL-ML, CL /A-4, A-6 0 100 100 95-1 00'1 70-90 20-35 5-15 
·6-60 /Silty clay loam, CL /A-6, A-7 0 I 100 100 90-'1100 '75-'95 25-45 ,, 0-25 

I silt loam, clay I 
I loam. I 
I 
I 

Arizo----------- 0-18/Loamy sand------- SM A-1, A-2 0 85-100 80-100 45-65 15-30 NP 
18-60/Very gravelly GP-GM, GP A-1 0 30-40 20-30 1Q..:2o ·o-10 NP 

I loamy sand, very I 
I gravelly sand. I 

Riverwash. 
I I 
I I 

36---------------l 0-3 Very cobbly clay . CH ,A-7 45-60 95-100 90-100 80-95 70-85 50-60 25-35 
•Muzzler loam. I 

I I 

3-12 Very cobbly clay, CL, CH /A-7 55-90 95-100'90-100180-95 65-80 45-55 20-30 
very cobbly clay 
loam. 

12 Unweathered 
bedrock. 

37*: I 
I I 

Muzzler--------- 0-2 /Cobbly sandy loam SM-SC A-2, A-4 30-50 95-100 90-100 55-70 /30-40 20-30 5-1'0 
2-19/Very cobbly clay, CL, CH A-7 55-90 95-100 90-100 80-95 /65-80 45-55 20-30 

I very cobbly clay I 
I loam. I 

19 /Unweathered 
bedrock. 

Rock outcrop. I 
I 
I 
I 

38*: I 
I 

Nickel---------- 0-6 'Gravelly sandy GM, SM A-1, A-2 0-5 55-80 50-75 30-70 10-30 NP 
loam. 

6-19 Very gravelly GP-GM, GM, A-1 0-10 ,30-60 20-55 15-35 5-15 I NP 
sandy loam, very, SP-SM, SM 
gravelly fine I 

I 

sandy loam, I 
I 

gravelly sandy I 
I 

loam. I 
I 

19-60 Very gravelly /GP-GM, GM, I A-1 0-10 30-60 20-55 I 15-35 5-15 NP 
silt loam, very I SP-SM, SM/ I 

gravelly loamy I 
I 

sand. 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

ClassH'Ication Frag- I Percentage passing I 

Soil name and Depth USDA texture ments . sieve number-- Liquid Plas-I 

map symbol Unified AASHTO > 3 I limit ticity I 

inches: 4 10 40 200 index 
In Pet I I I I Pet 

I I I I 
I I I I 

38*: I I I I 
I I I I 

Upton----------- 0-3 Gravelly loam---- CL, GC, sc A-4, A-6 0-5 65-85 160-75 150-70 135-55 20-30 10-20 
I 3-13 Gravelly clay GC, sc A-4, A-61 0-5 50-70 140-60 130-50 120-40 25-35 15-25 

loam, very A-2 
gravelly clay 
loam. 

13-20 Cemented--------- 0-50 
20-60 Variable--------- 0-20 

39*: 
Oro Grande------ 0-13 Very coboly loam GM, GM-GC 'A-4 40-65 65-75 65-75 55-70 40-50 25-30 25-10 

13 'Unweathered 
bedrock. 

Rock outcrop. 
I 

40*: I 
I 

Oro Grande------ 0-12 Very cobbly loam GM, GM-GC A-4 140-65 65-75 65-75 55-70 40-50 25-30 25-10 
12 Unweathered 

bedrock. 

Rock outcrop. 

41 •. 
Orthents 

42--------------- 0-10 Gravelly sandy GM, SM A-1, A-2 0 155-80 50-75 35-60 20-35 NP 
Paymaster loam. 

10-60 Fine sandy loam, SM, ML A-2, A-4 0 90-100 90-100 55-95 25-65 NP 
very fine sandy 
loam, sandy 
loam. 

43*: 
Paymaster------- 0-14 Sandy loam------- SM 'A-2, A-4 0 90-100 90-100 60-85 30-50 NP 

14-60 Fine sandy loam, SM, ML A-2, A-4 0 90-100190-100 55-95 25-65 NP 
loam, sandy 
loam. 

Ellicott-------- 0-8 Gravelly sand---- GP-GM, GM, A-1 0 50-80 50-75 30-50 5-20 NP 
SP-SM, SM I 

8-60 Stratified coarse SP-SM, SM A-1 0-5 '90-100 75-95 30-50 5-15 NP 
sand to sandy 
loam. 

44*: 
Paymaster------- 0-10 Fine sandy loam SM A-2, A-4 0 90-100 90-100 60-85 30-50 NP 

10-55 Fine sandy loam, SM, ML A-2, A-4 0 90-100 90-100 55-95 125-65 NP 
very fine sandy 
loam, sandy 
loam. 

55-60 Extremely 1GP 'A-1 20-35 30-40 20-35 15-25 0-5 NP 
gravelly loamy 
sand. 

I 

Ellicott----·---- 0-6 Gravelly sand---- GP-GM, GM, A-1 0 50-80 50-75 30-50 5-20 NP 
SP-SM, SM 

6-60 Stratified coarse SP-SM, SM A-1 0-5 '90-100 75-95 30-50 5-15 NP 
sand to sandy 
loam. 

45*: 
Paymaster------- 0-5 Fine sandy loam SM A-2, A-4 0 90-100 90-100 60-85 30-50 NP 

5-60 Fine sandy loam, SM, ML A-2, A-4 0 90-100 90-100 55-95 25-65 NP 
very fine sandy 
loam, sandy 
loam. 

See footnote at end of table. 
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TABLE 10.--ENGINEER'ING INDEX PROPERTIES--Continued 

I ciassiHcation IFrag- I Perc en tag.e, pas·sln·g, I 
I I I 

Soil name and /Depth USDA texture lments I sieve· number-- :;Liquid Plas-I 

map symbol I Unified AASHTO I > 3 I ·,, l!imH ti!c·ft>y I I I I ,, 
I " '.inches' 4 I 10· 4:0:. 200: " fnd'ex· I I' 

Pet 1 
I 

1: I In I I P.ct. I I' I 
I I I I I r I I I I' 

45*: I I I I I 
I I I I ,, 

Ellicott--------: 0-6 Gravelly sand----IGP-GM, GM, A-1 0 150-80 50-75 ::30'-501 5-201 N.!1 
I SP-6M, SM I I 
I I ,, 

6-60 Stratified coarse/SP-SM, SM A-1 0-5 190-100 75-95; 1'30'-50 5-15 NP' 
I sand t·o sandy I 
I I 
I loam. I ,. 
I I I 
I I " 

,, 
I I " I. 

Manzano---------: 0-3 Loam-------------'CL-ML A-4 0 100 100: 1:85-·1'00il:6o·-8o• 20-30• 5-1.0: 
3-60,Loam, clay loam: CL, CL-ML A-4, A-6 0 100 100' ::85-·1i00:1:60'-85> 25-40' 5-1•5, 

I " I " 46*: ,, ,, 
Pits. ,, ,, ,, ,, 

I I ,, I 

Dumps. I I 
I I ,. I 
I I 

47--------------- 0-2 Gravelly loam---- SM-SC, SM, A-4 0-5 60-80 50-75 ::45-65> ::35-50 " 20-35 5-10 ,, 
Plack ML, GM-GC ,. I 

II I 

GM " 
,, ,. I ,, ,, I I 

2-17 Loam------------- CL-ML, ML A-4 0-5 ,80-100 75-90: 160'-75 150-65 ,. 25-35 I 5-1!0. I I 

17 Indurated-------- I --- " ---· I --- ,. I 
I '· I ,, I 
I " I ,, I 
I '· I ,, I. 

48*: I " I I 
I ,, I ,, 

Plack Variant---, 0-5 ,Gravelly loam---- ,,SM-SC ,. SM, A-4 0 60-80 50-'l5 1145-65 1.35-501 25-35· " 5"-.to: " I I GM-GC, GM " 
,, ,. 

I I ,, ,, ,, 
5-11 'Gravelly silt IGM-GC, GC, A-4, A-6 0 60-80 ,50-75: 1;4'5-70> ::35-60: 25-35· 

,, 5-1:5 ,, 
loam, gravelly I CL-ML, CL " " I ,, 

" clay loam, I I 'I I ,, 
gravelly loam. I ,. 

I I 

11 Unweathered I ,. 
I I' 

bedrock. I I. 
I I 
I ,, I 
I I I 

Guy------------- 0-10 Gravelly loam----ISM A-2, A-4, 0-10 70-100160-70 40-60 : 20-50• 25-35 NP-10 
A-1 I 

I I 

10-40'Gravelly sandy SM A-1, A-2, 0-25 70-100 65-95 40-70 /20-50 20-30 NP-5 
loam, sandy A-4 I 

I 

loam, gravelly I 
I 

loam. I 
I 

40-60 Very gravelly GM, SM, A-1, A-2 0-25 45-85 40-75· 20-60 :10-25 NP 
loamy sand, GP-GM, 
gravelly loamy SP-SM 
sand. 

49 1 : 
Plack Variant--- 0-5 Gravelly loam----,SM-SC, SM, A-4 0 60-80 50-75 45-65 35-50 25-35 5-10 

I GM-GC, GM I I 

5-10 Gravelly silt 'GM-GC, GC, A-4, A-6 0 60-80 150-75 45-70 35-60 25-35 5-15 
loam, gravelly CL-ML, CL 
clay loam, 
gravelly loam. 

I 10 Unweathered 
bedrock. 

Guy------------- 0-8 Very cobbly loam SM A-2, A-4, 0-50 70-100 60-70 40-60 20-50 20-35 NP-10 
A-1 

8-40 ,Gravelly sandy SM A- 1 I A-2, 0-25 70-100 65-95 40-70 20-50 20-30 NP-5 
I loam, sandy A-4 I 
I loam, gravelly I 
I loam. I 

40-60/Very gravelly 1.GM, SM, A-1, A-2 0-25 45-85 40-75 20-60 10-25 NP 
I loamy sand, I GP-GM ,. I I 
I gravelly loamy I SP-SM I I 
I sand. I 
I I 
I I 
I I 

50*. I I 
I I 

Riverwash I I 
I I 
I I 
I I 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I I ?:Iassification IFrag- I Percentage passing I 
I I I I 

Soil name and I Depth I USDA texture lments I sieve number-- !Liquid Plas-I 

map symbol I I Unified AASHTO ' > 3 I I limit ticity I I I I I 
I I I inches! 4 10 40 200 I index I I I 

I n I I ~ I .Pet 
I I I I 
I I I I 

51*: I I I I I 
I I I I I 

Rock outcrop. I I I I I 
I I I I I 
I I I ' I ' I I I I I I 

Graham----------1 0-1 I Clay loam--------ICL IA-6 0-5 185-95 180-90 170-90 155-75 30-40 10-15 
1-131Clay-------------ICH IA-7 0-5 100 190-100185-95 170-90 60-80 110-60 
13 I Unweathered I I I 

I I I 

bedrock. ' I 
I I 
I I 
I I 

52*: I 
I 

Rock outcrop. I 
I 

I I I 
I I I 

Lithic I I I 
I I I 

Ustorthents. I I 
I I 
I I I 
I I· I 

53*: I I I I 
I I I I 

Rock outcrop. I I I I 
I I I I 

I ' I I I I I 
I I I I I I I 

Luzena----------1 0-3 I Gravelly clay I sc, SM-SC I : A-4 I A-6 0-15 170-85 170-80 160-70 140-50 25-110 5-20 
I loam. I GC, GM-GCI I I I I 
I I I I I I 

3-lOlGravelly clay 1 lCL, CH IA-7 5-20 170-100165-95 155-80 150-75 45-55 25-35 
I clay, gravelly I I I 
I I I I 
I clay loam. I I I 
I I I I 

10 :unweathered I I 
I I 

bedrock. I I 
I I 

I I I I I 
I I I I I 

54*: I I I I I 
I I I I I 

Rock outcrop. I I I I I I 
I I I I I I 
I I I I I I 
I I I I I I I I 

Muzzler---------1 0-5 ICobbly loam------ICL IA-6 130-50 195-100190-100180-95 160-75 30-110 10-20 
I 5-131Very cobbly clay, I CL, CH IA-7 155-90 195-100190-100180-95 165-80 45-55 20-30 I 
I I very cobbly clay I I 
I I I 
I I loam. I I 
I I I 
I 13 I Unweathered I 
I I 
I I bedrock. I I 
I I I I 
I I I I I I 
I I I I I I I 

55---------------1 0-3 I Clay loam--------ICL IA-6, A-7 0 I 100 100 190-100185-95 35-45 15-25 I 

Ruidoso I 3-60IClay loam, clay ICH, CL IA-6, A-7 0 I 100 100 I 90-1 oo I 70-95 35-65 15-35 I I 
I I I I I I I 
I I I I I I I 

56*: I I I I I I I 
I I I I I I I 

Ruidoso--------- I 0-11 I Clay loam--------ICL IA-6, A-7 I 0 I 100 100 I 90-100 I 85-95 35-45 15-25 I I 

I 11-60 I Clay loam, clay ICH, CL IA-6, A-7 I 0 I 100 100 190-100170-95 35-65 15-35 I I 
I I I I I I I I 
I I I I I I I I I 

Muzzler---------1 0-2 ICobbly loam------ICL IA-6 130-50 195-100190-100180-95 160-75 30-40 10-20 
I 2-8 IVery cobbly clay,ICL, CH I A-7 155-90 195-100190-100180-95 : 65-80 45-55 20-30 ' I I very cobbly clay I I I 
I I I I 
I I loam. I I 
I I I I 
I 8 !Unweathered I I 
I I I 
I I bedrock. I I 
I I I I 
I I I I I 
I I I I I 

57*: I I I I I I 
I I I I I I I I 

Sampson---------: 0-1 I Loamy sand-------ISM IA-2 0 190-100190-100150-60 I 15-25 NP 
I 1-115IClay loam, loam, ICL, sc IA-6 0 195-100190-100175-90 140-75 25-40 10-20 I 
I I sandy clay loam. I I I I I I 
I I I I I I I 

I!J5-601Loam, sandy loam, I CL-ML, IA-4 0 190-100175-100160-90 135-70 20-30 5-10 
I I sandy clay loam. I SM-SC I I I 
I I I I I 
I I I I I I I 
I I I I I I I I 

Dagflat---------1 0-8 ILoam-------------ICL-ML IA-4 0 185-100180-100170-90 150-65 20-30 5-10 
I 8-31 I Gravelly sandy ISM-SC IA-2, A-4 0 100 175-100165-85 130-50 25-30 5-10 I 
I I clay loam, sandy I I I 
I I I I 
I I clay loam. I I I 
I I I I I 

31 :unweathered I I 
I I 

I bedrock. I 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I CiassHication lFrag- Percentage I I passing 
Soil name and I Depth I USDA texture iments sieve number-- Liquid Plas-

map symbol I I Unified AASHTO I > 3 limit ticity I I I I 
I I I inches 4 10 40 I 200 index I I I 

In I Pet I I , Pet I 
I I I I 
I I I I 

58*: I I I 
I I I 

Sanloren--------1 0-10 Loam------------- CL-ML, CL A-4, A-6 I 0 100 100 85-95 :60-75 25-35 5-15 I 

I 10-20 Clay loam-------- CL A-7 I 0 100 100 90-100170-80 40-50 15-25 I 

20-37 Very cobbly clay, CL, CH A-7 50-70 90-100 85-95 80-90 165-80 45-55 20-30 
very cobbly clay 
loam. I 

I 

37-60 Very cobbly sandy sc, GC, A-6, A-2 30-70 155-100 50-95 40-85 20-50 25-40 5-20 
loam, very SM-SC, I 

cobbly sandy GM-GC 
clay loam, very 
gravelly sandy 
clay. 

I 
I 

Majada Variant-- 0-111Cobbly loam------ CL-ML A-4 25-40 85-95 80-90 70-85 50-65 20-30 5-10 
11-601Very cobbly loam, CL-ML, CL, A-4, A-6 40-70 70-90 65-85 55-80 ,40-65 25-35 5-15 

I very cobbly clay SM-SC, sc I 
I I 
I loam. I 
I I 
I I 
I I 

59*: I I 
I I 

Santa Fe-------- 0-2 I Gravelly sandy GM, SM A-1, A-2 0-10 55-80 '50-75 30-50 I 15-30 20-25 NP-5 
I loam. I 

2-181Very gravelly GC 1 A-2 0-10 35-55 30-50 25-45 20-35 25-35 I 10-15 
I loam, very I 
I gravelly clay I 
I loam. I I 

18 'Weathered bedrock! 

Rock outcrop. 

60*: I 
I 

Santa Fe-------- 0-2 Gravelly sandy IGM, SM A-1, A-2 0-10 55-80 50-75 30-50 15-30 20-25 I NP-5 
loam. I 

I 

2-16 Very gravelly IGC A-2 0-10 35-55 30-50 25-45 20-35 25-35 10-15 
loam, very I 

I 

gravelly clay I .. 
loam. I 

I 

I 16 Weathered bedrock I I ---
Rock outcrop. 

61.: 
Santa Fe-------- 0-4 Gravelly sandy GM, SM A-1, A-2 0-10 55-80 50-75 30-50 15-30 20-25 NP-5 

loam. 
4-14 Very gravelly GC A-2 0-10 35-55 30-50 25-45 20-35 25-35 10-15 

loam, very 
gravelly clay 
loam. I 

I 

14 Weathered bedrock I 
I 
I 
I 

Rock outcrop. I 
I 
I 
I 

62--------------- 0-6 Loamy sand------- SM A-2 0-10 195-100 95-100 50-75 20-30 NP 
Santana 6-13 Gravelly loam, SM-SC, sc, A-4, A-6 0 170-85 65-85 50-70 35-55 25-35 5-15 

sandy clay loam, CL-ML, CL 
loam. I 

I 

13 Unweathered I 
I 

bedrock. I 
I I 
I I 
I I 

63*: I I I 

Santana--------- 0-8 Loam------------- CL-ML A-4 0-10 195-100 95-100180-95 60-70 20-30 5-10 
8-12 Gravelly loam, ISM-SC, sc, A-4, A-6 0 170-85 65-85 150-70 35-55 25-35 5-15 

I sandy clay loam, I CL-ML, CL 
I loam. I 
I I 

12 !Unweathered I 
I 

bedrock. I 
I 
I 
I 

Rock outcrop. I 
I 
I 
I 

See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I Classification 1Frag- I Percentage passing 
Soil name and :Depth USDA texture :ments I sieve number- Liquid Plas-I 

map symbol I Unified AASHTO . > 3 . limit ticity I I I 

inches: 4 10 40 200 index 
I n Pet I Pet . I 
I I 

64*: ' . I 
I I I 

Santana--------- 0-4 Sandy loam------- SM A-2, A-4 0 :95-100:95-100 60-70 30-40 20-25 NP-5 
4-14 Gravelly loam, SM-SC, sc, A-4, A-6 0 :70-85 :65-85 50-70 35-55 25-35 5-15 

sandy clay loam, CL-ML, CL 
I loam. 

14 :unweathered 
bedrock. 

Rock outcrop. 
I 
I 

65*: ' I 
Stellar--------- 0-8 Sandy clay loam SC, SM-SC, A-6, A-4 0 100 100 :85-95 40-60 ' 20-35 5-15 

CL-ML, CL ' I 
8-35 Clay, sandy clay, CH, CL, sc A-7 0 100 100 :80-95 45-90 40-60 15-30 

clay loam. ' '' 35-60 Clay loam, sandy CL, GC, sc A-6, A-7 0-5 65-100160-100:55-100 45-70 30-50 10-25 
clay loam, ' ' gravelly clay ' I 
loam. ' ' ' ' Mohave---------- 0-3 Sandy clay loam-- CL A-6 0 90-100 85-95 :70-85 50-70 30-40 10-20 

3-39 Clay loam-------- CL A-4, A-6 0 100 95-100'85-95 70-80 30-40 10-15 
39-60 Sandy loam, sandy SM-SC A-4 0 100 100 65-85 35-50 20-30 5-10 

clay loam. 
I 

66*: ' I 

Stellar--------- 0-6 :Silty clay loam CL A-6 0 100 100 90-100170-95 30-40 10-20 
6-26:Clay, sandy clay, CH, CL, sc A-7 0 100 100 80-95 45-90 40-60 15-30 

' clay loam. I 

26-6o:clay loam, sandy CL, GC, sc A-6, A-7 0-5 65-100 60-100 55-100 45-70 30-50 10-25 
' clay loam, I 

' gravelly clay ' loam. 

Verhalen-------- 0-10 Clay------------- CL, CH A-7-6 0 95-100 95-100:90-100 70-95 45-65 25-40 
10-60 Clay, silty clay, CL, CH A-7-6 0 95-100 95-100'90-100 70-95 45-65 25-40 

clay loam. 

Mimbres--------- 0-6 Silty clay loam CL-ML, CL I A-4' A-6, 0 100 100 95-100 70-95 20-45 5-25 
A-7 

6-60 I Silty clay loam, CL A-6, A-7 0 100 100 95-100175-95 25-45 10-25 
silt loam, clay 
loam. 

67--------------- 0-2 Silty clay loam CL, CH A-7 0 100 100 95-100 75-95 ' 40-60 20-40 
Stirk Variant 2-60 Clay, silty clay. CH, MH A-7 0 100 100 95-100 85-100: 55-80 25-45 

68--------------- 0-3 Very gravelly GM, SM, A-1, A-2 0-5 50-90 15-50 10-40 5-30 20-25 NP-5 
Tesajo loam. GP-GM, 

SP-SM 
3-60 Very gravelly GM, SM, , A-1, A-2 0-5 50-90 15-50 10-40 5-30 20-25 NP-5 

sandy loam, very GP-GM, ' I 
gravelly loam. SP-SM 

69*: ' ' ' ' Tesajo---------- 0-9 Gravelly sandy SM : A-1, A-2 0-5 :75-85 50-60 30-50 15-35 20-25 NP-5 
loam. ' ' I I 

9-60 Very cobbly sandy SM-SC A-4 50-65 :65-90 60-80 55-70 35-40 20-30 5-10 
clay loam. ' I 

' I 
Manzano--------- 0-11 Gravelly sandy GC, sc, A-2, A-4 0-5 :55-80 50-75 45-70 :25-50 25-35 5-15 

clay loam. GM-GC, ' I 
SM-SC ' ' 11-601Loam, clay loam CL, CL-ML A-4, A-6 0 100 100 85-100:60-85 25-40 5-15 

' I 
See footnote at end of table. 
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TABLE 10.--ENGINEERING INDEX PROPERTIES--Continued 

I CiassHicaHon IFrag- Percentage passing I 

Soil name and Depth I USDA texture 'ments sieve number- Liquid Plas-
map symbol I Unified AASHTO > 3 limit ticity I 

inches lj 10 1!0 200 index 
n I I c I c 

I I I 
I I I 

70--------------- 0-1! :Gravelly sandy 'GC, sc, A-1!, A-2 0-5 55-80 150-75 1!5-70 25-50 25-35 5-15 
Tres Hermanos I clay loam. GM-GC, I 

I I 
I SM-SC I 
I I 

1!-11! 'Gravelly sandy CL:ML, sc, A-1!, A-6 0-10 55-80 '50-75 1!5-70 35-55 25-35 5-15 
clay loam, GC, SM-SC 
gravelly clay 
loam, clay loam. 

11!-60 Gravelly loam, SM-SC, A-1!, A-2 0-10 55-80 50-75 35-65 20-50 25-30 5-10 
gravelly sandy GM-GC 
clay loam, 
gravelly sandy 
loam. 

71*: I 

Tres Hermanos--- 0-3 'Gravelly sandy GC, sc, A-1!, A-2 0-5 55-80 50-75 1!5-70 25-50 25-35 5-15 
clay loam. GM-GC, 

SM-SC 
3-13 Gravelly sandy CL-ML, sc, A-1!, A-6 0-10 55-80 50-75 1!5-70 35-55 25-35 5-15 

clay loam, GC, SM-SC 
gravelly clay 
loam, clay loam. I 

13-60 Gravelly loam, SM-SC, A-1!, A-2 0-10 155-80 50-75 35-65 20-50 25-30 5-10 
gravelly sandy GM-GC 

I clay loam, 
I gravelly sandy I 
I loam. I 
I 
I 

Lehmans--------- 0-3 'Gravelly sandy GM, SM A-2 0-15 60-80 55-75 1!0-65 20-35 30-1!0 5-15 
clay loam. 

3-17 Clay, gravelly CH, sc A-7 0-5 75-100 55-80 50-75 1!0-65 50-60 30-1!0 
clay, gravelly 
clay loam. 

17 Unweathered 
bedrock. 

72*: 
Tres Hermanos--- 0-2 Fine sandy loam SM A-1!, A-2 0 95-100 90-100 60-80 30-50 20-25 NP-5 

2-18 Gravelly sandy CL-ML, sc, A-1!, A-6 0-10 55-80 50-75 145-70 35-55 25-35 5-15 
clay loam, GC, SM-SC 
gravelly clay 
loam, clay loam. 

18-60 Gravelly loam, SM-SC, A-1!, A-2 0-10 55-80 50-75 35-65 20-50 25-30 5-10 
gravelly sandy GM-GC 
clay loam, 
gravelly sandy 
loam. I 

I 
I 

Upton----------- 0-3 Gravelly loam----ICL, GC, sc A-1!, A-6 0-5 65-85 60-75 50-70 35-55 20-30 10-20 
3-11!,Gravelly clay IGC, sc A-2, A-6 0-5 50-70 1!0-60 30-50 20-1!0 25-35 15-25 

I loam, very I 
I I 
I gravelly clay I 
I I 
I loam. I 
I I 

14-251Cemented---------: 0-50 
25-601Variable---------: 0-20 

I I 
I I 

73*: I I I 
I I I 

White House----- 0-3 :sandy clay loam ICL, sc IA-6 0-10 80-95 75-90 55-75 1!0-70 25-1!0 15-25 
3-20IClay, clay loam ICH IA-7 0-5 90-100 80-95 10-90 ,60-90 50-60 30-1!0 

20-251Very gravelly IGC, GM-GC IA-2 0-10 1!0-55 35-50 '30-1!5 10-30 25-35 5-15 
I sandy clay loam.: I 

25-60IClay, sandy clay, :sc, CL A-6 0-5 70-100 60-90 50-80 35-55 25-1!0 15-25 
I gravelly sandy I 
I I 
I clay. I 
I I 
I I 
I I 

Ruidoso--------- 0-10IClay loam--------ICL A-6, A-7 0 100 100 90-100 85-95 35-1!5 15-25 
10-60IClay loam, clay ICH, CL A-6, A-7 0 100 100 90-100 70-95 35-65 15-35 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS 

[The symbol < means less than; > means more than. Entries under "Erosion factors--!" apply to the entire 
profile. Entries under "Wind erodibility group" and "Organic matter" apply only to the surface layer. 
Absence of an entry indicates that data were not available or were not estimated] 

Soil name and 
map symbol 

1 *: 

I 

I Depth 
' I 
' I 

' I 
I 
I 

Abrazo----------1 0-4 
I 4-24 
1 24-28 

28 

Clay 

30-40 
35-55 
40-55 

Luzena---------- 0-3 20-27 
3-12 45-60 
12 

2*: 
Abrazo---------- 0-2 , 30-40 

2-27 35-55 
27 

Luzena---------- 0-1 
1-14 
14 

3---------------- 0-4 
Anthony 4-60 

4---------------- 0-2 
Boysag 2-14 

14 

5*: 
Boysag---------- 0-3 

I 3-18 
18 

Abrazo---------- 0-10 
10-25, 
25 I 

I 
I 

Santana--------- 0-4 1 

4-14 
14 

6*: 
Bucklebar------- 0-3 

3-60 

Sonoita--------- 0-4 
4-60 

Continental----- 0-7 
7-39 

39-60 

7 *: 
Carnero--------- 0-3 

3-34 
34 

Santa Fe--------, 0-3 
3-18 
18 

I 
I 

8----------------1 0-2 
Conger I 2-13 

I 13-39 

28-35 
45-60 

5-20 
5-18 

27-35 
35-45 

25-35 
35-45 

8-20 
35-55 

8-18 
15-30 

10-20 
20-35 

5-8 
10-18 

10-20 
35-50 
25-35 

10-20 
35-50 

8-15 
15-35 

18-26 
30-35 

See footnote at end of table. 

Permeability Available Soil Salinity Shrink-

0.2-0.6 
0.06-0.2 
0.06-0.2 

0.6-2.0 
0.06-0.2 

0.2-0.6 
0.06-0.2 

0.6-2.0 
0.06-0.2 

2.0-6.0 
2.0-6.0 

0.2-0.6 
0.06-0.2 

0.2-0.6 
0.06-0.2 

2.0-6.0 
0.06-0.2 

2.0-6.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 

2.0-6.0 
2.0-6.0 

0.6-2.0 
0.06-0.2 
0.2-0.6 

2.0-6.0 
0.06-0.2 

2.0-6.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

reaction swell 

0.14-0.16 6.6-7.3 
0.14-0.16 7.4-8.4 

1 0.14-0.16 7.4-8.4 

I 
I 
I 
I 
I 
I 

0. 12-0. 14 6. 1-7. 3 
0.10-0.14 6.1-7. 8 

0.14-0.16 6.6-7.3 
0.14-0.16 7.4-8.4 

0.11-0.12 6.1-7.3 
0.10-0.14 6.1-7 .a 

0.11-0.14 7.4-8.4 
0. 10-0. 13 I 7. 4-8. 4 

I 
I 

0,14-0,1616,1-8.4 I 

0.14-0.1917.4-8.4 

I 
I 

0.14-0.1616.1-8.4 
0. 14-0. 19 I 7. 4-8. 4 

0.11-0.13 6.6-7.3 
0.14-0.16 7.4-8.4 

0.12-0.15 6.1-7.8 
0.12-0.15 6.1-7.8 

10.08-0.13 7.4-8.4 
10.13-0.17 7.4-8.4 
I 
I 

I0.05-o.o8 6.1-7.3 
10.07-0.13 6.6-8.4 
I 
I 

10.11-0.13 6.1-7.3 
0.10-0.14 6.6-8.4 
0.10-0.14 6.6-8.4 

0.11-0.14 6.6-7.8 
0.13-0.20 6.6-8.4 

I 
I 

0.11-0.1316.1-7.8 
0.07-0.0916.6-7.8 

I 
I 
I 
I 

0.10-0.1817.9-9.0 
0. 10-0. 18 I 7. 9-9.0 

potential K T 
~~~c=m : 

I 
I 
I 

<2 Moderate 10.28 2 
<2 High------10.24 
<2 High------10.24 

<2 
<2 

<2 
<2 

<2 
<2 

<4 
<4 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

----------:----I 
I 

Low-------10.05 1 

High------10.17 
I 

----------~----1 
I 
I 
I 

Moderate 0.28 2 
High------ 0.24 

Moderate 0.17 
High------ 0.17 

Low------- 0.24 5 
Low------- 0.28 

Moderate 0.15 
High------ 0.17 

Moderate 0.15 
High------ 0.17 

Low------- 0.24 2 
High------ 0.24 

Low------- 0.32 
Low------- 0.32 

I 

Low-------10.24 5 
Moderate 10.32 

I 
I 

Low-------10.24 5 
Low-------10.24 

Low------- 0.24 5 
High------ 0.15 
Moderate 0.32 

I 

ILow------
IHigh------

I 
I 
I 

0 .28l 2 
0.241 

:---------- ----J 
I 
I 

ILow-------10.20 
ILow-------10.17 
l----------l----
1 I 
I I 

ILow-------10.32 
ILow-------10.37 
I I 

~----------~----
1 
I 

8 

7 

8 

7 

3 

b 

6 

3 

3 

3 

2 

3 

3 

4 

5 

Organic 
matter 

1-2 

1-2 

1-2 

1-2 

.2-.6 

1-2 

1-2 

1-2 

1-2 

.4-.8 

<.-1 

.5-1 

1-2 

1-2 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

I I I ErosioniWind 
Soil name and 'Depth Clay Permeability Available' Soil i Salinity Shrink- factors 1 erodi- Organic 

map symbol water reaction! swell bility matter 
ca~acit;t 

I Eotential K T grOUE I 

In Pet In/fir n/in pH IAmhos/cm Pet 

9.: 
Conger---------- 0-1 10-20 2.0-6.0 0. 11-0.14 7.9-8.4 <2 Low------- 0.28 3 1-2 

1-10 20-30 0.6-2.0 ,0.14-0.16 7.9-9.0 <2 Moderate 0.32 
10-39 ----------,----

Stellar--------- 0-6 20-27 0.6-2.0 0.17-0.20 7.4-8.4 <2 Moderate 0.28 5 5 1-2 
6-60 35-50 0.06-0.2 0.14-0.16 7.4-8.4 2-4 High------ 0.28 

10*: I 
I 

Continental----- 0-5 I 20-35 0.6-2.0 0.14-0.16 6. 1-7.3 <2 Moderate 0.32 5 5 .5-1 I 

5-241 35-50 0.06-0.2 0.19-0.21,6.6-8.4 <2 ,High------ 0.32 
24-601 15-35 0.6-2.0 0.07-0.09,7.4-8.4 <2 Low------- 0.10 

I 
I 

Nickel---------- 0-8 I 5-10 2.0-6.0 0.06-0.09 7.9-8.4 <2 Low------- 0.20 5 3 <.5 I 

8-191 5-10 0.2-0.6 0.04-0.07 7.9-8.4 <2 Low------- 0.17 
19-601 5-10 0.2-0.6 0.04-0.07 7.9-8.4 <2 Low------- 0.15 

I 
I ,,. : I 
I 

Dagflat--------- 0-8 I 15-25 0.6-2.0 0.16-0.18 6. 1-7.3 <2 Low------- 0.37 2 5 1-2 I 

8-31: 18-30 0.6-2.0 0.12-0.16 6. 1-7.8 <2 Low------- 0.24 
31 I ----------I 

I 
I 

Santa Fe-------- 0-2 I 8-15 2.0-6.0 0.11-0.13 6. 1-7.8 <2 Low------- 0.20 lj 

2-18 15-35 0.6-2.0 0.07-0.09 6.6-7.8 <2 Low------- 0. 17 
18 ,----------I 

I 

12*, 13*: I 
I 

Encierro-------- 0-2 18-26 0.6-2.0 0.13-0.15 6.6-7.8 <2 I Low------- 0.32 5 
2-9 35-50 0.06-0.2 0.14-0.16 6. 1-8.4 <2 I High------ 0.2Q 

9 I ,----------
I 
I 

Rock outcrop. I 
I I 

I I 
I I 

14*: I I 
I I 

Gaddes---------- 0-2 10-15 2.0-6.0 0.07-0.1016.1-7.3 <2 Low------- 0. 15: 2 lj 1-3 
2-22, 25-35 0.2-0.6 0.08-0.1316.1-7.3 I <2 Moderate 0.10: 
22 I I ---------- I 

I I ----, 
I I I 
I I I 

Ruidoso--------- 0-3 I 30-40 0.2-0.6 0.15-0.2116.6-7.8 <2 Moderate 0.281 5 b I 

3-60' 35-45 0.06-0.2 0.14-0.19'6.6-8.4 <2 Moderate 0.28' 

15*: 
Gaddes---------- 0-2 10-15 2.0-6.0 0.07-0.10 6. 1-7.3 <2 Low------- D. 15 2 3 1-3 

2-22 25-35 0.2-0.6 0.08-0.13 6. 1-7.3 <2 Moderate 0.10 
22 ----------

Santa Fe-------- 0-2 8-15 2.0-6.0 1 Q,ll-Q, 13 6.1-7. 8 <2 Low------- 0.20 lj 

2-18 15-35 0.6-2.0 0.07-0.09 6.6-7.8 <2 Low------- 0.17 
18 ----------

Rock outcrop. 

16--------------- 0-8 10-20 2.0-6.0 0.13-0.15 7.4-8.4 <2 Low------- 0.28 5 3 .5-1 
Gila Variant 8-14 18-27 0.6-2.0 0.16-0.18 7.4-8.4 <2 Low------- 0.37 

14-60 18-35 0.6-2.0 0.14-0.18 7.4-8.4 <2 Low------- 0.32 
I 

17--------------- 0-8 8-17 2.0-6.0 0.07-0.14 7.9-8.4 <2 Low------- 0.24 2 8 
Guy 8-31 5-17 2.0-6.0 0.08-0.12 7.9-8.4 <2 Low------- 0.24 

31-60 3-0 2.0-6.0 0.03-0.07 7.9-8.4 <2 Low------- 0.15 

18*: 
Guy------------- 0-8 I 8-17 2.0-6.0 0.09-0.14 7.9-8.4 <2 ,Low------- 0.24 2 5 I 

8-601 5-17 2.0-6.0 0.08-0.12 7.9-8.4 <2 I Low------- 0.24 
I I 
I I I 

Lonti----------- 0-6 I 25-35 0.2-0.6 :0.12-0.16 6. 1-8.4 <2 !Moderate 0.15 5 b 1-2 I 

6-251 40-50 0.06-0.2 10.19-0.21 6.6-8.4 <2 I High------ 0 •. 20 
25-601 20-30 0.6-2.0 10.09-0.11 7.9-8.4 <2 !Moderate ,0.28 

See footnote at end of table. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

Soil name and Depth Clay Permeability Soil Salinity Shrink-
map symbol swell 

potential K T 
I em I 
I I 
I I 

19--------------- 0-2 27-35 0.2-0.6 0.16-0.19:7.4-9.0 <8 Moderate 0.28: 5 IlL .5-2 
Haver son 2-60 18-35 0.6-2.0 0, 14-0 o 18 I 7 o 4-9 • 0 <8 Low------- 0.24: 

20*: I I 

Hondale--------- 0-5 I 10-20 2.0-6.0 0.04-0.08 7.9-9.0 ll-16 :Low------- 0.24 5 2 I 

5-28: 35-45 <0.06 0.08-0.15 8.5-9.0 4-16 iHigh------ 0.37 
28-60: 30-40 0.2-0.6 0.08-0.15 8.5-9.0 ll-16 :Moderate 0.37 

I I 
I I 

Verhalen-------- 0-10i 110-60 <0.06 0.12-0.17 7.4-8.4 0-4 iHigh------ 0.32 5 !j 1-2 
I 10-60: 35-60 <0.06 0.12-0.17 7.4-8.4 0-16 !High------ 0.32 

I I 
I I I 

21--------------- 0-10i 20-30 0.6-2.0 0. 14-0. 16:7.9-8.4 <2 !Low------- 0.32 5 5 1-2 
Jonale 10-60 1 18-30 0.6-2.0 0. 14-0. 18: 7. 9-8.4 <2 !Low------- 0.32 

I 
I 

22*: I 
I 

Judd------------ 0-2 15-25 0.6-2.0 0.16-0.1816.6-7.3 <2 Low------- 0.37 5 5 1-2 
2-18 35-50 0.06-0.2 0.14-0.19 6.6-7.8 <2 Moderate 0.24 

18-60 20-35 0.2-0.6 0.16-0.21 7.9-9.0 <2 Low------- 0.32 

Manzano--------- 0-15 18-26 0.6-2.0 0.13-0.15 6.6-8.4 <2 Low------- 0.321 5 6 2-3 
15-35 18-34 0.2-0.6 10.16-0.21 7.4-8.4 <2 Moderate 10.32 
35-60 10-20 2.0-6.0 :0.11-0.13 7.4-8.4 Low-------:0.24 

I 
I 

23*: I I 
I I I 

Lehmans--------- 0-1 I 20-35 0.6-2.0 :o.1o-0.12 6.6-8.4 <2 Moderate : o. 15 b .5-1 I 

1-15i 35-55 0.06-0.2 10.10-0.15 6.6-8.4 <2 High------ 10.10 
15 ---------- ----

Lithic 
Haplargids. 

24*: 
Lithic 

Haplargids. 

Rock outcrop. 

25--------------- 0-4 15-25 0.2-0.6 0.12-0.1616.1-8.4 <2 Low------- 0.17 5 6 1-2 
Lonti 4-23 35-50 0.06-0.2 0.12-0.16 6.6-8.4 <2 High------~0.15 

23-60 20-35 0.2-0.6 0.10-0.12 7.9-8.4 <2 Moderate :o.28 
I 

I I I 

26---------------: 0-4 30-40 0.2-0.6 0.13-0.15 6.6-7.8 <2 Moderate :o.28: 5 7 1-2 
Lonti I 4-22 115-65 0.06-0.2 0.14-0.16 6.6-8.4 <2 High------:0.20: I 

i22-60 10-20 0.6-2.0 0.09-0.11 7.9-8.4 <2 Moderate :o.28: 
I 
I 

27*: I I I 
I I I 

Lonti----------- 0-4 15-25 0.2-0.6 0.12-0.16 6.1-8. 4 <2 Low-------:0.11: 5 b 1-2 
4-23 35-50 0.06-0.2 0.12-0.16 6.6-8.4 <2 High------'0.15i 

23-60 20-30 0.2-0.6 0.05-0.10 7.9-8.4 <2 Moderate o.o5: 
' I 

Denver Variant-- 0-2 28-35 0.2-0.6 0.19-0.21 6.6-7.3 <2 Low------- 0.37: 5 b 1-2 
2-30 40-60 <0.06 0.14-0.16 7.4-8.4 <2 High------ 0.201 

30-60 110-60 <0.06 0.10-0.12 7.4-8.4 <2 High------ 0. 17: 

28*: 
Lonti----------- 0-4 15-25 0.2-0.6 0.12-0.16 6.1-8. 4 <2 !Low------- 0. 17 5 6 1-2 

4-34 115-65 0.06-0.2 0.14-0.16 6.6-8.4 <2 iHigh------ 0.20 
34-60 20-30 0.2-0.6 0.05-0.10 7.9-8.4 <2 :Moderate 0.05 

I 
I 

Manzano--------- 0-15 10-25 0.6-2.0 0.16-0.18 6.6-8.4 <2 !Low------- 0.28 5 6 2-3 
15-60 18-34 0.2-0.6 0.16-0.21 7.4-8.4 <2 :Moderate 0.32 

I 
I 

29*: I 
I 

Lonti----------- 0-4 15-25 0.2-0.6 0.12-0.16 6. 1-8.4 <2 !Low------- 0. 17: 5 6 1-2 
4-29 35-50 0.06-0.2 0.12-0.16 6.6-8.4 <2 iHigh------ 0.15: 

29-60 18-35 0.6-2.0 0.09-0.11 7.9-8.4 <2 :Moderate 0.28: 

Ustorthents. 

See footnote at end of table. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

ErosionlWind 
Soil name and Depth Clay Soil Shrink- factorslerodi- Organic 

map symbol reaction swell : bility matter 
otential K T lgrou 

£!:!. I 
I 
I 

30--------------- 0-4 25-30 0.6-2.0 0.08-0.12 6.1-7. 3 <2 Moderate :o.os 8 1-2 
Luzena 4-15 45-60 0.06-0.2 0.10-0.14 6.1-7. 8 <2 High------10.17 

15 ----------
31 1 : 

Luzena----------, 0-2 20-25 0.6-2.0 0.11-0.12 6.1-7. 3 <2 Moderate 0.17 7 1-2 
2-16 115-60 0.06-0.2 0.10-0.14 6. 1-7.8 <2 High------ 0. 17 
16 ----------

Rock outcrop. 
I 

32--------------- 0-3 10-25 0.2-2.0 0.16-0.18 6.6-8.4 <2 Low------- 0.28 1 5 6 2-3 
Manzano 3-60 18-34 0.2-0.6 0.16-0.21 7.4-8.4 <2 Moderate 0.32 

I 

33--------------- 0-3 I 10-25 0.6-2.0 0.16-0.18 6.6-8.4 <2 Low------- 0.28 5 b 2-3 I 

Manzano 3-601 18-34 0.2-0.6 0.16-0.21 7.4-8.4 <2 Moderate 0.32 
I 
I 

34 1 : I 
I 

Manzano---------: 0-20 10-25 0.6-2.0 o.16-o. r8 6.6-8.4 <2 Low------- 0.28 5 b 2-3 
20-60 18-34 0.2-0.6 0.16-0.21 7.4-8.4 <2 Moderate 0.32 

Ruidoso--------- 0-10 30-40 0.06-0.6 0.15-0.21 6.6-7.8 <2 Moderate 0.28 5 7 
10-60 30-45 0.06-0.2 0.14-0.19 6.6-8.4 <2 Moderate 0.28 

35.: I 

Mimbres--------- 0-6 18-27 0.6-2.0 /0.13-0.19 7.4-8.4 <4 Moderate 0.43 5 6 .5-1 
6-60 18-35 0.2-0.6 10.16-0.21 7.4-8.4 <4 Moderate 0.43 

I 
I 

Arizo----------- I 0-18, 0-5 2.0-6.0 10.09-0.11 6.6-7.8 <2 Low------- 0.17 5 2 <.5 
18-60 0-5 >20 :o.o1-0.o4 7.4-9.0 <2 Low-------,0.10 

Riverwash. 
I 
I 

36--------------- 0-3 27-35 0.2-0.6 /0.05-0.07 6.6-7.3 <2 ,Moderate o. 17 8 
Muzzler 3-12 35-55 0.06-0.2 :o.o6-o.o8 6.6-7.3 <2 I Moderate o. 17 

12 I ·----------I 
I 

37 1 : I 
I I 

Muzzler---------1 0-2 10-20 2.0-6.0 0.07-0.09 6.6-7.3 <2 lLow------- 0.20 lj 

2-19 35-55 0.06-0.2 0.06-0.08 6.6-7.3 <2 I Moderate I 0 • 17 
19 . I .----------I 

I 

Rock outcrop. I 
I 

38*: I 
I 

Nickel----------: 0-6 5-10 2.0-6.0 0.06-0.09 7.9-8.4 <2 Low------- 0.20 4 <.5 
I 6-19 5-10 0.6-2.0 0.04-0.07 7.9-8.4 <2 Low------- 0.17 I 

119-60 5-10 0.2-6.0 0.04-0.07 7.9-8.4 <2 Low------- 0.15 

Upton----------- 0-3 15-27 0.6-2.0 0.08-0.14 7.9-8.4 <2 Low------- 0.281 2 7 < 1 
3-13 30-35 0.6-2.0 0.05-0.0817.9-8.4 <2 Low------- 0.32 

13-20 7.9-8.4 <2 Very low 
20-60 ----------

39.: 
Oro Grande------ 0-13 18-27 0.6-2.0 0.06-0.09 6.6-8.4 <2 Low------- 0.32 8 

13 ----------
Rock outcrop. I 

I 
I 
I 

40•: I 
I 
I 

Oro Grande------ 0-12 18-27 0.6-2.0 0.06-0.09 6.6-8.4 <2 Low------- 0.321 8 
12 ---------- I ----· 

Rock outcrop. 

41*. 
Orthents 

See footnote at end of table. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERT~ES OF THE SOILS--Continued 

I I I Erosion'W nd 
Soil name and /Depth Clay Permeability Available l Soil Salinity/ Shrink- factors erodi- Organic 

map symbol I water /reaction I swell bility matter I I 

capacity I /potential K T group I 

In Pet In/fir In/in I E.!! Rmfios/cmi Pet I 
I I I 
I I I 

42--------------- 0-10 5-18 2.0-6.0 0.08-0.10/7.4-7.8 <2 /Low------- 0.24/ 5 Lj 3-4 
Paymaster 10-60 5-18 2.0-6.0 0.11-0.15 7.4-8.4 <2 /Low------- 0.28/ 

I 
I 

43*: I I 
I I I 

Paymaster------- 0-14 5-18 2.0-6.0 :0. 11-0. 15 7.4-7.8 <2 /Low------- 0.28/ 4 3 3-4 
14-60 5-18 2.0-6.0 0.11-0.15 7.4-8.4 <2 /Low------- 0.28/ 

I 
I 

Ellicott-------- 0-8 0-5 6.0-20 0.04-0.06 6.1-7. 8 <2 /Low------- 0.10: 5 2 . 5-1 
8-60 0-10 6.0-20 0.05-0.08 6.1-7. 8 <2 /Low-------~0.10/ 

I 
I 

44.: I 
I 

Paymaster------- 0-10 5-18 2.0-6.0 0. 11-0. 15 7.4-7.8 <2 /Low------- 0.28 4 3 3-4 
10-55 5-18 2.0-6.0 0.11-0.15 7.4-8.4 I <2 /Low------- 0.28 
55-60 0-5 6.0-20.0 0.03-0.05 7.4-8.4 <2 /Low------- 0.10 

I 
I 

Ellicott-------- 0-6 0-5 6.0-20 0.04-0.06 6. 1-7.8 <2 /Low------- 0.10 5 2 .5-1 
I 6-60 0-10 6.0-20 0.05-0.08 6.1-7.8 <2 /Low------- 0.10 

45*: I 
I 

Paymaster------- 0-5 5-18 2.0-6.0 0. 11-0.15 7.4-7.8 <2 /Low------- 0.28 4 3 3-4 
5-60 5-18 2.0-6.0 0.11-0.15 7.4-8.4 <2 Low------- 0.28 

Ellicott-------- 0-6 0-5 6.0-20 0.04-0.06 6.1-7. 8 <2 Low------- 0.10 5 2 .5-1 
6-60 0-10 6.0-20 0.05-0.08 6.1-7. 8 <2 Low------- 0.10 

Manzano--------- 0-3 10-25 0.6-2.0 0.16-0.18 6.6-8.4 <2 Low------- 0.28 5 6 2-3 
3-60 18-34 0.2-0.6 0.16-0.21 7.4-8.4 I <2 Moderate 0.32 

46.: 
Pits. 

Dumps. I I 
I I 
I I 
I I 

47--------------- 0-17 15-26 0.6-2.0 0.10-0.18 7.9-8.4 <2 Low------- 0.32/ 4L 1-3 
Plack 17 ---------- I ----, 

I 
I 

48*: I 
I 

Plack Variant--- 0-5 15-25 0.6-2.0 0.12-0.14 7.9-8.4 <2 Low------- 0.32/ 5 1-2 
5-11 15-30 0.6-2.0 0.12-0.15 7.9-8.4 <2 Low------- 0.37/ 
11 ---------- I ----, 

I I 
I I I 

Guy------------- 0-101 8-17 2.0-6.0 /0.09-0.14/7.9-8.4 <2 Low------- 0.24/ 2 5 
10-40 5-17 2.0-6.0 /0.08-0.12/7.9-8.4 <2 Low------- 0.24/ 
40-60 4-14 6.0-20 '0.05-0.08/7.9-8.4 <2 Low------- 0.15: 

I I 
I I 

49*: I I 
I I 

Plack Variant--- 0-5 15-25 0.6-2.0 0. 12-0. 14: 7. 9-8.4 <2 Low------- 0.32/ 5 1-2 
5-10 15-30 0.6-2.0 0. 12-0. 15: 7. 9-8. 4 <2 Low------- 0.37/ 
10 ---------- I ----, 

I 
I 

Guy------------- 0-8 8-17 2.0-6.0 0.07-0.14/7.9-8.4 <2 Low------- 0.24 2 !l 
8-40 5-17 2.0-6.0 0.08-0.12/7.9-8.4 <2 Low------- 0.24 

40-60 4-14 6.0-20 0.05-0.08/7.9-8.4 <2 'Low------- 0.15 

50*. 
Riverwash I 

I 
I 
I 

51*: I 
I 

Rock outcrop. I 
I 
I 
I 

Graham---------- 0-1 27-35 0.2-0.6 /0.17-0.19 6.6-7.8 <2 Moderate 0.32 6 1-3 
1-13 40-55 0.06-0.2 0.19-0.21 7,4-8.4 <2 High------ 0.20 
13 ----------,----

52*: 
Rock outcrop. 

Lithic 
Ustorthents. 

See footnote at end of table. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

Soil name and 
map symbol 

53*: 
Rock outcrop. 

Depth 

In 

Luzena---------- 0-3 i 

3-10 
10 

54*: 
Rock outcrop. 

Muzzler--------- 0-5 
5-13 
13 

55---------------, 0-3 
Ruidoso 3-60 

56*: 
Ruidoso--------- 0-11 

11-60 

Muzzler--------- 0-2 
2-8 

8 

57*: 
Sampson--------- 0-1 

1-45 
45-60 

Dagflat--------- 0-8 
8-31, 
31 : 

58*: 
I 
I 
I 
I 

San loren-------- 0-10: 
10-201 
20-371 
37-601 

Majada Variant-- 0-11 
11-60 

59*: 
Santa Fe-------- 0-2 

2-18 
18 

Rock outcrop. 

60*: 

Clay 

Pet 

28-35 
38-60 

25-27 
35-55 

30-40 
30-45 

30-40 
30-45 

25-27 
35-55 

3-8 
18-35 
18-35 

15-25 
18-30 

15-25 
35-40 
35-50 
18-40 

15-25 
20-35 

8-15 
15-35 

Santa Fe-------- 0-2 : 8-15 

Rock outcrop. 

61*: I 
I 

Santa Fe--------1 

Rock outcrop. 

I 
I 

: 
I 
I 
I 
I 
I 
I 

2-16: 15-35 
16 

I 
I 

0-4' I 

4-14 
14 

8-15 
15-35 

62---------------: 0-6 3-8 
15-30 Santana 6-13 

13 

See footnote at end of table. 

I 
I I 

Permeability Available 
water 

Soil :salinity: Shrink-
ErosioniWind : 
factors:erodi-IOrganic 

:bility: matter reaction: : swell 
capacity 

In/fir In/in 
: 'potential 

pH I Mmhos/cm 
K T igroup I 

I I Pet 

0.6-2.0 
0.06-0.2 

0.2-0.6 
0.06-0.2 

0.06-0.6 
0.06-0.2 

0.06-0.6 
0.06-0.2 

0.2-0.6 
0.06-0.2 

>6.0 
0.6-2.0 
0.6-2.0 

0.6-2.0 
0.6-2.0 

0.6-2.0 
0.2-0.6 
0.2-0.6 
0.6-2.0 

0.6-2.0 
0.2-0.6 

2.0-6.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 

2.0-6.0 
0.6-2.0 

0.11-0.12 6.1-7.3 
0.10-0.14 6.1-7.8 

0.08-0.10 6.6-7.3 
0.06-0.08 6.6-7.3 

0.15-0.21 6.6-7.8 
0.14-0.19 6.6-8.4 

I 

0.15-0.2116.6-7.8 
0.14-0.19:6.6-8.4 

I 
I 

0.08-0.10:6.6-7.3 
0.06-0.0816.6-7.3 

I 
I 
I 
I 

: 
,0.07-0.09:6.6-7.3 
:o.15-0.20I7.4-8.4 
10.13-0.1717.4-8.4 

I 

I 
I 

0.16-0.1816.1-7.3 
0.12-0.16:6.1-7.8 

0.16-0.18 6.6-7.8 
0.18-0.20 7.4-7.8 
0.06-0.08 7.4-7.8 
0.05-0.07 7.4-7.8 

10.12-0.14 6.6-7.3 
:o.oa-0.10 6.6-7.8 

I 
I 

: 0, 11-0 o 13 I 6 o 1-7 o 8 
:o.o1-o.og 6.6-7.8 

0.11-0.13 6.1-7.8 
0.07-0.09 6.6-7.8 

0.11-0.13 6.1-7.8 
0.07-0.0916.6-7.8 

I 
I 

: 
0.07-0.1016.1-7.8 
0.12-0.1516.1-7.8 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 
<2 

<2 
<2 

<2 
<2 
<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

<2 
<2 

Moderate 0.17 
High------ 0.17 

Low-------:0.28 
Moderate 10.17 
----------:----1 

I 

Moderate I 0.28 5 
Moderate 10.28 

Moderate 
Moderate 

0.28 5 
0.28 

'Low------- 0.28 
Moderate 0.11 

I 
I 
I 

Low------- 0.17, 5 
Moderate 0.24 
Low------- 0.24 

Low------- 0.37 2 
Low------- 0.24 

I 

Low-------:0.37 5 
Moderate 10.32 
Moderate 10.24 
Low-------10.24 

: 
Low-------10.32 5 
Moderate I 0. 28 

I 

ILow------- 0.20 
ILow------- 0.17 
:----------

Low------- 0.20 
Low-------'0.17 

Low------- 0.20 
Low------- 0.17 

I 
I 

I I 

ILow-------10.24 
ILow-------10.32 
1----------:----1 I 
I I 

I I 
I 

1 1-2 

1 

1 

1 

1 

2 2-3 

5 1-2 

5 

6 1-2 

4 

4 

4 

2 1-2 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

I I Erosion 1 Wind I 
I I I I 

Soil name and Depth Clay Permeability I Available I Soil Salinity I Shrink- factors erodi-IOrganic 
map symbol water :reaction I swell bility: matter I 

ca a city I potential K T group I 
I 

n n I E.!! Mm OS em Pc 
I 
I 

63*: I 
I 

Santana--------- 0-8 10-25 0.6-2.0 0.16-0.18 6. 1-7.8 <2 Low------- 0.37 5 1-2 
8-12 15-30 0.6-2.0 0.12-0.15 6.1-7. 8 <2 Low------- 0.32 
12 ----------

Rock outcrop. 

64*: I 

Santana---------: 0-4 8-18 2.0-6.0 0.12-0.15 6. 1-7.8 <2 Low------- 0.32 3 1-2 
4-14 15-30 0.6-2.0 0.12-0.15 6. 1-7.8 I <2 Low------- 0.32 
14 ----------

Rock outcrop. 

65.: I 
I 

Stellar--------- 0-8 20-27 0.6-2.0 0.17-0.20 '(,4-8.4 <2 Moderate 0.28 5 5 1-2 
8-35 35-50 0.06-0.2 0.14-0.16 7.4-8.4 2-4 High------~0.28 

35-60 28-40 0.2-0.6 0.15-0.19 7.4-8.4 2-4 Moderate :o.28 
I 
I 

Mohave---------- 0-3 25-35 0.6-2.0 0.14-0.16 6.6-7.3 <2 Moderate :o.32 5 5 
3-39 17-30 0.2-0.6 0.19-0.21 7.4-9.0 <2 Moderate 10.43 

39-60 18-25 2.0-6.0 0.13-0.15 7.4-8.4 <2 Low-------10.32 
I 
I 

66*: I 
I 

Stellar--------- 0-6 28-40 0.2-0.6 0.19-0.21 7.4-8.4 <2 Moderate :o.28 5 I 6 1-2 
6-261 35-50 0.06-0.2 0.14-0.16 7.4-8.4 2-4 High------10.28 

126-60 28-40 0.2-0.6 0.15-0.19 7.4-8.4 2-4 Moderate 10.28 
I 

I I 

Verhalen-------- 0-10 40-60 <0.06 :0.12-0.17 7.4-8.4 0-4 High------10.32 5 II 1-2 
10-60 35-60 <0.06 :0.12-0.17 7.4-8.4 0-16 High------10.32 

I I 
I I I 

Mimbres--------- 0-6 28-35 0.2-0.6 10.10-0.1617.4-8.4 >4 Moderate :o.43 5 6 .5-.7 
6-60 25-35 0.2-0.6 10.10-0.1617.4-8.4 >4 Moderate : 0. 43.: 

I I I 
I I I I 

67--------------- 0-2 35-40 0.06-0.2 10.15-0.2017.4-9.0 <2 IHigh------10.28 5 II .5-1 
Stirk Variant 2-60 60-70 <0.06 10.08-0.1217.4-9.0 2-4 IHigh------10.28 

I I I 
I I I 

68--------------- 0-3 10-22 6.0-20 0.05-0.0716.6-8.4 <2 ILow-------10.28 5 8 1-2 
Tesajo 3-60 10-22 6.0-20 0.05-0.07 6.6-8.4 <2 ILow-------10.28 

I 
I 

69 *: I 
I I 

Tesajo---------- 0-9 10-20 6.0-20 0.01-0.09 6.6-8.4 <2 ILow-------:0.321 5 4L 1-2 
9-60 20-30 2.0-6.0 0.05-0.07 6.6-8.4 <2 ILow------- 1 0.24 

Manzano--------- 0-111 25-35 0.6-2.0 0.09-0.11 6.6-8.4 <2 Moderate 0.28 5 6 2-3 
11-60 18-34 0.6-2.0 0.16-0.21 7.4-8.4 <2 Moderate 0.32 

10--------------- 0-4 20-30 0.6-2.0 0.11-0.13 7.4-9.0 <2 Moderate 0.32 5 5 .5-1 
Tres Hermanos 4-14 25-35 0.6-2.0 0.12-0.14 7.4-9.0 2-4 Moderate 0.32 

14-60 18-25 0.6-2.0 0.09-0.11 7.4-9.0 2-4 Low------- 0.32 
I 
I 

71*: I 
I 

Tres Hermanos--- 0-3 20-30 0.6-2.0 0.11-0.13 7.4-9.0 <2 Moderate 0.321 5 5 .5-1 
3-13 25-35 0.6-2.0 0.12-0.1417.4-9.0 2-4 Moderate 0.32 1 

13-60 18-25 0.6-2.0 0. 09-0.11 7.4-9.0 2-4 Low------- 0.32 

Lehmans--------- 0-3 20-35 0.6-2.0 0.10-0.12 6.6-8.4 <2 Moderate 0. 15 !! .5-1 
3-17 35-55 0.06-0.2 0.10-0.15 6.6-8.4 <2 High------ 0.10 

I 17 ----------
72*: 

Tres Hermanos--- 0-2 10-18 2.0-6.0 0.12-0.14 7.4-9.0 <2 Low------- 0.28 5 3 .5-1 
2-18 25-35 0.6-2.0 0.12-0.14 7.4-9.0 2-4 Moderate 0.32 

18-60 18-25 0.6-2.0 0.09-0.11 7.4-9.0 2-4 Low------- 0.32 

Upton----------- 0-3 15-27 0.6-2.0 0.08-0.14 7.9-8.4 <2 Low------- 0.28 2 5 < 1 
3-14 30-35 0.6-2.0 0.05-0.08 7.9-8.4 <2 Low------- 0.32 

14-25 7.9-8.4 <2 Very low 
25-60 ----------

See footnote at end of table. 
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TABLE 11.--PHYSICAL AND CHEMICAL PROPERTIES OF THE SOILS--Continued 

I I I I I ErosioniWind I 
I I I I I I 

Soil name and I Depth I Clay Permeability 1Availablel Soil Salinity I Shrink- factorslerodi-IOrganic 
map symbol I water I reaction I swell lbilityl matter I I 

capacity I lpo:tential K T I group I 

In Pet ln/hr In/in pH ~mhos/cml I Pet I 
I I 
I I 

73*: I I 
I 

White House----- 0-3 23-30 0.2-2.0 0.12-0.19 6.6-8.4 <2 I Moderate 10.28 5 I 6 1-2 I 

3-20 35-60 0.06-0.2 o. 14-0.16 6.6-8.4 <2 IHigh------10.17 
20-25 20-35 0.6-2.0 0.09-0.11 6.6-8.4 <2 ILow-------10.24 
25-60 35-50 0.06-0.2 o. 10-0.14 6.6-8.4 <2 !Moderate 10.32 

I I 
I I 

Ruidoso--------- 0-10 30-40 0.06-0.6 o. 15-0.21 6.6-7.8 <2 !Moderate 10.28 5 7 
10-60 30-45 0.06-0.2 0.14-0.19 6.6-8.4 <2 I Moderate 10.281 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 12.--SOIL AND WATER FEATURES 
I 

[See text for definitions of "flooding" and terms such as "rare," and "brief." The symbol >means more than. 
Absence of an entry indicates that the feature is not a concern or that data were not estimated] 

1* 

Soil name and 
map symbol 

' 
2*: 

Abrazo-----------

Luzena-----------

3-----------------, 
Anthony 

4-----------------
Boy sag 

5*: 
Boysag-----------

Abrazo-----------

Santana----------

6•: 
Buckle bar--------

I 

Sonoita----------: 
I 
I 

Continental------: 
I 
I 

7*: I 
I 

Carnero----------1 
I 
I 

Santa Fe---------: 
• I 

8-----------------
Conger 

9*: 
Conger-----------

Stellar----------

10*: 
Continental------

Nickel-----------

11*: I 

Dagflat---------• 

Santa Fe---------

12*, 13*: 
Encierro---------

Rock outcrop. 

14•: 
Gaddes-----------

Ruidoso----------

15.: 
Gad des-----------

Santa Fe---------

Rock outcrop. 

Hydro
logic 
rou 

D 

D 

B 

D 

D 

D 

D 

B 

B 

c 

c 

D 

c 

c 

c 

c 

B 

c 

D 

D 

c 

c 

c 

D 

Flooding 
I 
I 

Frequency Duration IMonths 

None--------

None--------

Rare--------

'None--------

I 
I 
I 

None--------: 
I 
I 

None--------: 
• I 

None--------: 

• I 

None--------: 
I 
I 

None--------: 
I 
I 

None--------: 
I 
I 
I 
I 

None--------: 
I 

I I 

None--------: 
I 
I 

None--------: 
• I 

• • 
• I 

None--------: 
I 
I 

,None--------: 

. 
I 

I None--------

None--------

None--------

None--------

None--------

I 

I None--------
I 
I 

I None--------

' I 
I None--------
• I 

I None--------

See footnote at end of table. 

I 
I 

Bedrock 

I Depth Hard
ness • I 

, n ,-
1 
I 
I 

'21-40 Hard 

7-20 Hard 

>60 

6-20 Hard 

6-20 Hard 

21-40 

1 4-18 Hard 

>60 

>60 

>60 
I 
I 
I 
I 

25-341Hard 
I 
I 

8-20'Hard 

>60 

>60 

>60 

>60 

>60 

121-40 Hard 

8-20 Hard 

10-20 Hard 

20-40 Soft 

>60 

20-40 Soft 

8-20 Hard 

Cemented 
~an 

Dept 1Hard-
ness 

In 

' I 
I 
I 

: 10-20 Thin 

' I 
I 
I 

: 10-20 Thin 

Risk of corrosion 
Potential 

frost Uncoated Concrete 
action steel 

Moderate High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

I . 
I 

Low------ High----- I Low. 
I 
I 

Moderate High----- I Low. 
I 
I 

Moderate Moderate I Low. 

I 
I 

Low------ High----- I Low. 
I 
I 

Low------~High-----ILow. 
I 
I 

Low------ High----- I Low. . 
I 
I 
I 

Moderate High----- I Low. 
• I 

Moderate Moderate I Low. 
I 
I 

Low------ Moderate I Low. 
I 
I 

• I 

• I 

Low------ Moderate 'Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Moderate High----- Low. 

Moderate Moderate Low. 

I 

I Moderate High----- Low. 

. 
I 
I 
I 

I Low------ High----- Low. 
I 
I 

'Low------ High----- Low. 

Low------ High----- Low. 

Moderate Moderate Low. 
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TABLE 12.--SOIL AND WATER FEATURES--Continued 

Soil name and 
map symbol 

16----------------
Gila Variant 

17----------------
Guy 

18*: 
Guy--------------

Lonti------------

19----------------
Haverson 

20*: 
Hondale----------

Verhalen---------
I 

21----------------: 
Jonale i 

I 
I 

22*: : 
Judd-------------1 

: 
Manzano----------' 

23*: 
Lehmans----------

Lithic 
Haplargids. 

24*: 
Lithic 

Haplargids. 

Rock outcrop. 

25, 26------------
Lonti 

27*: 
Lonti------------

Denver Variant---

28*: 
Lonti------------1 

I 
I 

Manzano----------: 
I 
I 

29*: : 
Lonti------------1 

Ustorthents. 

30----------------
Luzena 

31.: 
Luzena-----------

Rock outcrop. 

I Flooding I 

Hydro-: I 

logic Frequency Duration !Months 
group 

I 
I 

B Occasional Very briefiApr-Oct 
I 
I 

B None--------

B None--------

D None--------

B Rare--------

D Rare--------

D Rare--------

B None--------

c None--------

c None--------

D None--------

I 
I 
I 
I 
I 
I 

D ,None--------1 

I I 
I I 

D iNone--------1 
I I 
I I 

D iNone--------1 
I 

I 
I 

D !None--------
I 
I 

B I Rare--------
I 
I 

D 'None--------

D None--------

D None--------

See footnote at end of table. 

Bedrock 
I 

DepthiHard-
I ness I 

In I 
I 
I 
I 

>60 I 
I 
I 
I 
I 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

10-20 Hard 

>60 

>60 

>60 

>60 

>60 

>60 

I 
I 
I 

7-201Hard 

I 
I 
I 
I 

7-20iHard 

I Cemented 
i pan 
!Depth Hard
: ness 
1 In 

i 
I 

Soil survey 

Risk of corrosion 
Potential 

frost Uncoated Concrete 
action steel 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High-----'Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Moderate. 
I 

Low------iHigh----- Low. 
I 

, I 

Low------iHigh----- Low. 
I 
I 

Low------ High----- Low. 

Moderate High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

I Low------ High----- Low. 

Low------ High-----iLow. 
I 
I 
I 
I 

Low------ High-----iLow. 
I 
I 

Moderate High-----iLow. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 
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TABLE 12.--SOIL AND WATER FEATURES--Continued 

I ' 
' ' Flooding Bedrock l Cemented l I Risk of corrosion 

Soil name and 
map symbol 

I Hydro- I , 1 , l pan lPotentiall 1 

l logicl Frequency 
lgroup l 

Duration !Months lDepthlHard- lDepthlHard- l frost !Uncoated !Concrete 

I 
I 
I 

32, 33------------l 
Manzano 

311*: l 
Manzano----------1 

l 
Ruidoso----------1 

I 
I 

35*: l 
Mimbres----------1 

' I 

Arizo------------1 

Riverwash. . 
36----------------i 

Muzzler l 
I 
I 

37*: : 
Muzzler----------1 

Rock outcrop. 
' I 
' ' I 
I 

38*: : 

B 

B 

c 

c 

A 

0 

D 

Nickel-----------1 B 
I 
I 

Upton------------1 C 
I 
I 

39*, 110*: l 
Oro Grande-------1 D 

Rock outcrop. 

41*. 
Orthents 

I 
I 
I 
I 
I 
I 

112----------------: 
Paymaster 

43 11 , 411*: : 
Paymaster-------- I . 

I 

Ellicott--------- I 
I 
I 

45*: l 
Paymaster-------- I 

l 
Ellicott---------: 

I 
I 

Manzano----------1 

116*: 
Pits. 

Dumps. I 

' I 
I 

117----------------l 
Plack 1 

I 
I 

48*, 119*: I 
Plack Variant----! 

I 
I 

Guy--------------1 

50*. 
Riverwash 

B 

B 

A 

B 

A 

B 

D 

0 

B 

I l ness I l ness I action steel 
I 
I 

I I 

lRare--------1 

: 
I 

I I 

INone--------1 
I I 
I I 

INone--------1 
I 
I 

I I i I 
I I I I 

n 

>60 

>60 

>60 

lFrequent----IVery briefiJul-Sepl >60 
I I 
I I 

I Frequent---- IVery 
I I 
I I 

I 
I 

' ' I I 

I I 
I I 

briefiMar-Sepl 
I 
I 
I 
I 

' I 

>60 

I 
I 

INone--------1 7-201Hard 

I I 
I I 

lNone--------1 
' I 
I 
I 

I 
I 
I 

None--------1 
' I 

None--------1 
' I 

I I 
I I 

I 
7-201Hard 

>60 

>60 
' I 
I 
I 

INone--------1 4-201Hard 

I 
I 

I I 
I I 

I None-------- I >60 
I I 
I I 
I I 

: : 
I Rare--------1 >60 
I I 
I • I I 

IFrequent----lBrief-----IJul-Sepl >60 
I I I 
I I I 

I I I 
I I I 

I Rare-------- I I >60 
I I I t 
I I I I 

IFrequent----IBrief-----IJul-Sepl >60 
I I I 
I I I 

IRare--------1 I >60 

I 
I 

I I 

' ' INone--------1 
I I 
I I 

: 

I 

' I 
I 
I 
I 
I 
I 

>60 

I 
I 

I 
I I 

INone--------1 
l 

6-201Hard 
I I 

' ' INone--------1 >60 
l 

n 

I 
I 
I 
I 

7-201Thin 

: 
: 

8-20lThin 
I 

' 

I I 

: I I 
!Moderate High-----lLow. 

I 
I 
I 
I 

!Moderate 
' ' I Low------

I 
I 
I 
I 
I 

' High----- I Low. 
I 
I 

High----- I Low. 
I 
I 

I I 
I I I 

ILow------IHigh-----lLow. 
I I I 
I I I 

ILow------IHigh-----ILow. 
o I I 
I I I 
I I I 
I I I 
1 I I 
I I I 

ILow------IModerate !Low. 
I I 
I I 
I I 
I I 

I I I 
I I I 

ILow------IModerate !Low. 
I I 
I I 
I 
I 

I 
' I I I 

ILow------IHigh-----ILow. 
I I I 
I I I 

ILow------IHigh-----ILow. 
0 I 
I I 

: I I 
!Moderate !Moderate !Low. 

I 
I 

I I 
I I I 

!Moderate IHigh-----ILow. 
I 
I 

I I 
I I 
I I 
I I I 

!Moderate lHigh-----lLow. 
I I I 
I I I 

lLow------IModerate lLow. 
I 
I 

I I 
I I 

!Moderate lHigh----- Low. 
' I I I 

lLow------IModerate Low. 
I I 
I I 

!Moderate !High----- Low. 
I 
I 
I 
I 

I I 
I I 
I I I 
I I I 

ILow------lModerate !Low. 
I I 
I I 
I I 
I I 
I I 
I I I 

lLow------IHigh-----lLow. 
I I I 
I I I 

ILow------lHigh-----lLow. 
I I I 
I I I 

I 
I 
I 
I 

See footnote at end of table. 
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TABLE 12.--SOIL AND WATER FEATURES--Continued 

Soil name and 
map symbol 

: : __________ ~Frl~o~o~d~i~n~g~-,------~---B~e~d~r~o~c~k~ 
I Hydro-: 
: logic Frequency 
:group 

51 1 : 

Rock outcrop. 

Graham-----------

52 1 : 

Rock outcrop. 

Lithic 
Ustorthents. 

53*: 
Rock outcrop. 

Luzena-----------1 

54 1 : 

Rock outcrop. 
I 
I 

Muzzler----------1 

55----------------
Ruidoso 

56*: 
Ruidoso----------

Muzzler----------

57*: 
Sampson----------

Dagflat----------

58*: 
San loren---------

Majada Variant---

59*, 60 1 , 61 1 : 

Santa Fe---------

Rock outcrop. 

62----------------
Santana 

63 1 , 64*: 
Santana----------

Rock outcrop. 

65.: 
Stellar----------

Mohave-----------

66*: 
Stellar----------

Verhalen---------

Mimbres----------

67----------------
Stirk Variant 

68----------------
Tesajo 

D 

D 

D 

c 

c 

D 

B 

c 

B 

B 

D 

D 

D 

c 

B 

c 

D 

B 

D 

A 

None--------

' I 
' I 
I None--------, 

' ' I I 

I None--------: 
' I 
I I 

I None--------: 

' I 
None--------

None--------

None--------

None--------
I 

' I 
None--------: 

,None--------

' I 
I None--------

' I 
I 
I 

I None--------

' I 
I None--------

' I 
I None--------, 
' I 
I I 

I None--------: 
' I 
I 
I 

None--------: 
I 
I 

Rare--------: 
I 
I 

Rare--------: 
I 
I 

Rare--------: 

' I I 

I None--------: 

See footnote at end of table. 

I I I 

Duration :Months IDepthiHard-
: : ness 

' I 

n 

: 10-20 Hard 

7-20 Hard 

7-20 Hard 

>60 

>60 
I 

7-201Hard 

>60 : 
I 
I 

21-401Hard 

>60 

>60 

8-20 Hard 

4-18 Hard 

lJ-18 Hard 

>60 

>60 

>60 

>60 

>60 

>60 

>60 

Cemented i : Risk of corrosion 
pan IPotentiall 

~o~ep~t~h~'n,A~a~r~a--- frost :uncoated Concrete 
: ness action steel 

n 

' I 
I 
I 

I Low------ High----- Low. 

' I 
I I 

I Low------ Moderate I Low. 
' I 
I I 

I Low------ High----- I Low. 
I I 

I 
I 
I 

' I 
I Low------ High----- Low. 
' I 
I Low------ Moderate Low. 
' I 
I 
I 

:Moderate ,Moderate Low. 
' I 
:Moderate High----- Low. 

' I 
I Moderate Moderate Low. 

I 

Low------ Moderate Low. 

Moderate Moderate Low. 

Moderate Moderate Low. 

Moderate 'Moderate Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Low. 

Low------ High----- Moderate. 

Low------ Moderate Low. 
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TABLE 12.--SOIL AND WATER FEATURES--Continued 

' Flooding Bedrock I Cemented I Risk of corrosion I I I 

Soil name and Hydro-: I 
I pan Potential/ I 

map symbol logic/ Frequency Duration Months /Depth Hard- /Depth Hard- frost /Uncoated Concrete 
group ness ness action steel 

In In 

69*: I I 
I I 

Tesajo----------- A /Rare-------- >60 Low------/Moderate Low. 
' I 

Manzano---------- c /Rare-------- >60 Moderate High----- Low. 
' I 

70---------------- B /None-------- >60 Low------ High----- Low. 
Tres Hermanos 

71 *: I 
I 

Tres Hermanos---- B /None-------- >60 Low------ High----- Low. 
I 
I I 

Lehmans---------- D None-------- 10-20 Hard Low------ High----- Low. 

72*: 
Tres Hermanos---- B None-------- >60 Low------ High----- Low. 

Upton------------ c None-------- >60 7-20 Thin Low------ High----- Low. 

73*: 
White House------ c None-------- >60 Low------ High----- Moderate. 

Ruidoso---------- c None-------- >60 Low------ High----- Low. 

* See description of the map unit for composition and behavior characteristics of the map unit. 
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Soil name 

I 
I 
I 

Abrazo--------------------1 
Anthony-------------------1 
Arizo---------------------1 
Boysag--------------------1 
Bucklebar-----------------1 
Carnero-------------------1 
Conger--------------------1 
Continental---------------: 
Dagflat-------------------1 
Denver Variant------------: 
Ellicott------------------1 
Encierro------------------1 
Gaddes--------------------1 
Gila Variant--------------1 
Graham--------------------1 
Guy-----------------------1 
Haverson------------------1 
Hondale-------------------1 
Jonale--------------------1 
Judd----------------------1 
Lehmans-------------------1 
Lonti---------------------1 
Luzena--------------------1 
Majada Variant------------
Manzano------------------
Mimbres------------------
Mohave-------------------
Muzzler------------------
Nickel--------------------
Oro Grande---------------
Paymaster-----------------
Plack---------------------
Plack Variant-------------

•Ruidoso------------------
Sampson------------------
Sanloren-----------------
Santa Fe------------------, 
Santana-------------------1 
Sonoita-------------------1 
Stellar-------------------1 
Stirk Variant-------------: 
Tesajo--------------------1 
Tres Hermanos-------------1 
Upton---------------------1 
Verhalen------------------1 
White House---------------1 

TABLE 13.--CLASSIFICATION OF THE SOILS 

Family or higher taxonomic class 

Fine, mixed, mesic Aridic Argiustolls 
Coarse-loamy, mixed (calcareous), thermic Typic Torrifluvents 
Sandy-skeletal, mixed, thermic Typic Torriorthents 
Clayey, mixed, mesic Lithic Ustollic Haplargids 
Fine-loamy, mixed, thermic Typic Haplargids 
Fine, mixed, mesic Aridic Argiustolls 
Loamy, mixed, thermic, shallow Ustollic Paleorthids 
Fine, mixed, thermic Typic Haplargids 
Fine-loamy, mixed, mesic Aridic Argiustolls 
Fine, mixed, mesic Torrertic Argiustolls 
Sandy, mixed, mesic Ustic Torrifluvents 
Clayey, mixed, mesic Lithic Argiustolls 
Fine-loamy, mixed, mesic Ustollic Haplargids 
Fine-loamy, mixed (calcareous), thermic Typic Torrifluvents 
Clayey, montmorillonitic, thermic Lithic Argiustolls 
Coarse-loamy, mixed, mesic Aridic Calciustolls 
Fine-loamy, mixed (calcareous), mesic Ustic Torrifluvents 
Fine, mixed, thermic Typic Natrargids 
Fine-loamy, mixed, mesic Aridic Calciustolls 
Fine, mixed, mesic Typic Argiustolls 
Clayey, montmorillonitic, thermic Lithic Haplargids 
Fine, mixed, mesic Ustollic Haplargids 
Clayey, montmorillonitic, mesic Lithic Argiustolls 
Loamy-skeletal, mixed, mesic Aridic Argiustolls 
Fine-loamy, mixed, mesic Cumulic Haplustolls 
Fine-silty, mixed, thermic Typic Camborthids 
Fine-loamy, mixed, thermic Typic Haplargids 
Clayey-skeletal, mixed, mesic Lithic Argiustolls 
Loamy-skeletal, mixed, thermic Typic Calciorthids 
Loamy-skeletal, mixed, mesic Lithic Haplustolls 
Coarse-loamy, mixed, mesic Cumulic Haplustolls 
Loamy, mixed, mesic, shallow Petrocalcic Calciustolls 
Loamy, mixed, mesic Lithic Calciustolls 
Fine, mixed, mesic Pachic Argiustolls 
Fine-loamy, mixed, mesic Pachic Argiustolls 
Clayey-skeletal, mixed, mesic Pachic Argiustolls 
Loamy-skeletal, mixed, mesic Lithic Argiustolls 
Loamy, mixed, mesic Lithic Haplustolls 
Coarse-loamy, mixed, thermic Typic Haplargids 
Fine, mixed, thermic Ustollic Haplargids 
Fine, montmorillonitic (calcareous), mesic Vertic Ustifluvents 
Loamy-skeletal, mixed, mesic Cumulic Haplustolls 
Fine-loamy, mixed, thermic Typic Haplargids 
Loamy, carbonatic, thermic, shallow Typic Paleorthids 
Fine, montmorillonitic, thermic Mollie Torrerts 
Fine, mixed, thermic Ustollic Haplargids 

• The soil is a taxadjunct to the series. See text for a ·description of those characteristics of the 
soil that are outside the range of the series. 
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Part Ill. Forest Service land 

This part discusses the detailed map units on Forest 
Service land. It discusses the use and management of 
the soils, gives the classification of the soils, and 
discusses the taxonomic units and their morphology. 

Detailed soil map units 
The map units on the detailed soil maps at the back of 

this survey represent the soils in the survey area. The 
map unit descriptions in this section, along with the soil 
maps, can be used to determine the suitability and 
potential of a soil for specific uses. They also can be 
used to plan the management needed for those uses. 
More information on each map unit, or soil, is given 
under "Use and management of the soils." 

Each map unit on the detailed soil maps represents an 
area on the landscape and consists of one or more soils 
for which the unit is named. 

A symbol identifying the soil precedes the map unit 
name in the soil descriptions. Each description includes 
general facts about the soil, a brief description of the soil 
profile, and a listing of the principal hazards and 
limitations to be considered in planning management. 

Three kinds of map units are shown on the soil maps 
for this part of the survey: consociations, complexes, and 
associations. 

A soil consociation is a map unit in which the areas 
are dominated by soils that are classified the same. An 
example is Lithic Haploborolls, warm, 40 to 80 percent 
slopes. 

A soil complex consists of areas of two or more soils 
so interminged or so small that they cannot be shown 
separately on the soil maps at a scale of 1 :24,000. Each 
area of a complex contains some of each of the two or 
more dominant soils, and the pattern and relative 
proportions are about the same in all areas. Generally, 
the name of a soil complex consists of the names of the 
dominant soils joined by a hyphen. An example is 
Cumulic Haplustolls-Aridic Haplustalfs complex, 1 to 15 
percent slopes. 

A soil association is made of up adjacent soils that 
occur as areas large enough to be shown individually on 
the soil maps but that are shown as one unit because 
the time and effort of delineating them separately cannot 
be justified. There is a considerable degree of uniformity 
in pattern and relative extent of the dominant soils, but 
the soils can differ greatly one from the other. The name 

of an association consists of the names of the dominant 
soils joined by a hyphen. An example is Aridic 
Haplustalfs-Typic Ustorthents association, 40 to 80 
percent slopes. 

In this part of the survey area, there were three kinds 
of soil subgroup modifiers-moist, dry, and warm. The 
name of a soil subgroup modifier indicates a feature that 
affects management. Moist means it has more moisture 
than is typical, and dry means just the opposite. 

Table 1 gives the acreage and proportionate extent of 
each map unit. Other tables (see "Summary of tables") 
give properties of the soils and the limitations, 
capabilities, and potentials for many uses. The Glossary 
defines many of the terms used in describing the soils. 

Map unit descriptions 

74-Aridic Haplustalfs, fine, mixed, mesic-Typic 
Ustorthents, loamy-skeletal, mixed, nonacid, mesic 
association, 15 to 40 percent slopes. This map unit is 
on low hills and in smooth mountainous areas. The soils 
in the unit formed in residuum and colluvium derived 
dominantly from granite, rhyolite, and conglomerate. The 
native vegetation is mainly alligator juniper and gray oak 
on the north-facing side slopes and grama grasses and 
sacahuista on the south-facing side slopes. Elevation is 
5,000 to 5,800 feet. The average annual precipitation is 
1 0 to 14 inches, the average annual air temperature is 
52 to 57 degrees F, and the average frost-free period is 
1 50 to 180 days. 

This unit is 35 percent Aridic Haplustalfs, fine, mixed, 
mesic, and 35 percent Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic. 

Included in this unit are Lithic Argiustolls, Lithic 
Haplustolls, Aridic Argiustolls, Aridic Ustochrepts, and 
Lithic Ustochrepts. Included areas make up about 30 
percent of the total acreage. The percentage varies from 
one area to another. 

Aridic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep and are well drained. In a reference 
profile, the surface layer is dark brown very cobbly clay 
loam about 3 inches thick. The subsoil is brown gravelly 
clay and light yellowish brown gravelly sandy clay about 
19 inches thick. The substratum is light yellowish brown 
gravelly sandy clay about 6 inches thick over fractured 
rhyolite. Depth to rhyolite ranges from 20 to 60 inches. 
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Permeability of these soils generally is moderately 
slow. Available water capacity is very low. Effective 
rooting depth is 20 to 60 inches. Runoff is medium, and 
the hazard of water erosion is moderate. The hazard of 
soil blowing is slight. 

Typic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, are deep and well drained. In a reference profile, 
the surface layer is brown gravelly sandy loam about 7 
inches thick. The upper 43 inches of the substratum is 
pale brown and very pale brown very gravelly sandy 
loam, and the ·lower part to a depth of 60 inches is light 
yellowish brown gravelly loamy sand. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is low. Effective rooting 
depth is 60 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on Aridic Haplustalfs, 
fine, mixed, mesic, is mainly grama grasses and 
sacahuista. The understory vegetation typically consists 
of alligator juniper, oneseed juniper, mesquite, 
sacahuista, acacia, galleta, gray oak, ceanothus, datil 
yucca, cactus, blue grama, sideoats grama, muhly, and 
black grama. The potential plant community on Typic 
Ustorthents, loamy-skeletal, mixed, nonacid, mesic, is 
mainly alligator juniper and gray oak. The' understory 
vegetation typically consists of oneseed juniper, pinyon, 
turbinella oak, sacahuista, wolftail, datil yucca, soaptree 
yucca, pricklypear, skunkbush sumac, sideoats grama, 
blue grama, New Mexico muhly, and poverty threeawn. 

Typic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, are poorly suited to fuelwood production. They 
can produce 2 cords of wood per acre in a stand of 
trees that average 5 inches in diameter at a height of 1 
foot. Aridic Haplustalfs, fine, mixed, mesic, are not used 
for fuelwood production. 

75-Aridic Haplustalfs-Typic Ustorthents 
association, 40 to 80 percent slopes. This map unit is 
in uneven mountainous areas. The soils in the unit 
formed in residuum and alluvium derived dominantly from 
granite, rhyolite, and conglomerate. The native 
vegetation is mainly blue grama and sacahuista on the 
south-facing side slopes and alligator juniper and gray 
oak on the north-facing side slopes. Elevation is 5,000 to 
5,800 feet. The average annual precipitation is 1 0 to 14 
inches, the average annual air temperature is 52 to 57 
degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 35 percent Aridic Haplustalfs and 35 
percent Typic Ustorthents. 

Included in this unit are Aridic Argiustolls, Lithic 
Haplustolls, Aridic Haplustolls, Lithic Ustorthents, and 
Lithic Argiustolls. Included areas make up about 30 

Soil survey 

percent of the total acreage. The percentage varies from 
one area to another. 

Aridic Haplustalfs are moderately deep and deep and 
are well drained. Texture and the content of rock 
fragments are variable. In a reference profile, the surface 
layer is light brown and yellowish brown very gravelly 
loamy sand and gravelly sandy loam about 3 inches 
thick. The subsoil is brown gravelly sandy clay loam 
about 26 inches thick. The substratum is brown 
extremely gravelly sandy loam about 28 inches thick. 
Bedrock is at a depth of 20 to 60 inches or more. 

Permeability of these soils generally is moderately 
slow. Available water capacity is low. Effective rooting 
depth is 20 to 60 inches or more. Runoff is medium, and 
the hazard of water erosion is high. The hazard of soil 
blowing is slight. 

Typic Ustorthents are moderately deep and deep and 
are well drained. Texture is variable. In a reference 
profile, the surface layer is light yellowish brown very 
gravelly sandy loam about 4 inches thick. The 
substratum is very pale brown and light brown very 
cobbly sandy loam about 28 inches thick. Bedrock is at a 
depth of 32 inches. Depth to bedrock ranges from 20 to 
60 inches or more: 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is 20 to 60 inches or more. Runoff is 
medium, and the hazard of water erosion' is high. The 
hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 
A few areas are used for fuelwood production. 

The ,potential plant community on Aridic Haplustalfs is 
mainly blue grama and sacahuista. The understory 
vegetation typically consists of blue grama, sacahuista, 
sideoats grama, black grama, galleta, datil yucca, cactus, 
muhly, mesquite, acacia, gray oak, turbinella oak, 
turpentinebush, and sotol. The potential plant community 
on Typic Ustorthents is mainly gray oak and alligator 
juniper. The understory vegetation typically consists of 
gray oak, turbinella oak, sacahuista, wolftail, datil yucca, 
soaptree yucca, pricklypear, skunkbush sumac, sideoats 
grama, blue grama, New Mexico muhly, poverty 
threeawn, pinyon, and oneseed juniper. 

Typic Ustorthents are poorly suited to fuelwood 
production. They can produce 3 cords of wood per acre 
·in a stand of trees that average 5 inches in diameter at a 
height of 1 foot. Aridic Haplustalfs are not used for 
fuelwood production. 

76-Cumullc Haplustolls-Arldlc Haplustalfs 
complex, 1 to 15 percent slopes. This map unit is on 
alluvial bottoms and mountainsides. The soils in the unit 
formed in alluvium derived dominantly from granite, 
rhyolite, and conglomerate. The native vegetation is 
mainly blue grama and sacahuista. Elevation is 4,400 to 
5,600 feet. The average annual precipitation is 1 0 to 12 
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inches, the average annual air temperature is 52 to 57 
degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 45 percent Cumulic Haplustolls and 40 
percent Aridic Haplustalfs. The components of this unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are Ustollic Haplargids and Aridic 
Ustochrepts. Included areas make up about 15 percent 
of the total acreage. The percentage varies from one 
area to another. 

Cumulic Haplustolls are deep and well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is yellowish 
brown very gravelly sandy loam and dark yellowish 
brown gravelly sandy loam about 8 inches thick. The 
substratum is dark yellowish brown gravelly sandy loam 
and dark yellowish brown extremely cobbly sandy loam 
about 36 inches thick. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is moderate. Effective 
rooting depth is 60 inches or more. Runoff is slow, and 
the hazard of water erosion is moderate to high. These 
soils are subject to very brief periods of flooding in 
summer. The hazard of soil blowing is slight. 

Aridic Haplustalfs are moderately deep and deep and 
are well drained. Texture and the content of rock 
fragments are variable. In a reference profile, the surface 

. layer is light brown very gravelly loamy sand and 
yellowish brown gravelly sandy loam about 3 inches 
thick. The subsoil is brown and reddish brown gravelly 
sandy clay loam about 26 inches thick. The substratum 
is brown extremely gravelly sandy loam about 28 inches 
thick. Bedrock is at a depth of 20 to 60 inches or more. 

Permeability of these soils generally is moderately 
slow. Available water capacity is moderate. Effective 
rooting depth is 60 inches or more. Runoff is slow, and 
the hazard of water erosion is moderate to high. The 
hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The potential plant community on this unit is mainly 
blue grama and sacahuista. The understory vegetation 
typically consists of blue grama, sacahuista, sideoats 
grama, black grama, galleta, datil yucca, cactus, acacia, 
gray oak, soaptree yucca, muhly, mesquite, broom 
snakeweed, Mormon-tea, turpentinebush, sotol, and 
sand dropseed. 

77-Lithic Haploborolls, loamy, mixed, warm, 1 to 
15 percent slopes. This map unit is on low hills and in 
uneven mountainous areas. The soils in the unit formed 
in residuum and colluvium derived dominantly from 
granite. The native vegetation is mainly ponderosa pine 
and alligator juniper. Elevation is 6,200 to 7,000 feet. 
The average annual precipitation is 16 to 20 inches, the 
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average annual air temperature is 42 to 45 degrees F, 
and the average frost-free period is 140 to 170 days. 

Included in this unit are shallow to moderately deep 
Ustorthents and Argiborolls. Included areas make up 
about 30 percent of the total acreage. The percentage 
varies from one area to another. 

Lithic Haploborolls, loamy, mixed, warm, are shallow 
and well drained. In a reference profile, the upper 2 
inches of the surface layer is grayish brown sandy loam 
and the lower 5 inches is gravelly sandy loam. The 
substratum is pale brown· gravelly loamy sand about 3 
inches thick. Granite is at a depth of 1 0 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is slight. The hazard of 
soil blowing is slight. 

This unit is used mainly as rangeland, for wildlife 
habitat, and for fuelwood and timber production. It is also 
used as watershed and for recreation. 

The potential plant community on this unit is mainly 
ponderosa pine and alligator juniper. The understory 
vegetation typically consists of gray oak, Gambel oak, 
silverleaf oak, blue grama, sideoats grama, bottlebrush 
squirreltail, pine dropseed, muttongrass, and pinyon. 

This unit is poorly suited to timber production. The site 
index for ponderosa pine ranges from 30 to 50. The 
main concerns in management are low productivity and 
low potential for reforestation . 

This unit is poorly suited to fuelwood production. It can 
produce 1 cord of wood per acre in a stand of trees that 
average 5 inches in diameter at a height of 1 foot. 

78-Lithic Haploborolls, loamy, mixed, warm, 15 to 
40 percent slopes. This map unit is on low hills and in 
uneven mountainous areas. The soils in the unit formed 
in residuum and colluvium derived dominantly from 
granite. The native vegetation is mainly ponderosa pine 
and alligator juniper. Elevation is 6,200 to 7,000 feet. 
The average annual precipitation is 16 to 20 ir,~ches, the 
average annual air temperature is 42 to 45 degrees F, 
and the average frost•free period is 140 to 170 days. 

Included in this unit are shallow to moderately deep 
Ustorthents and Argiborolls. Included areas make up 
about 40 percent of the total acreage. The percentage 
varies from one area to another. 

Lithic Haploborolls, loamy, mixed, warm, are shallow 
and well drained. In a reference profile, the upper 2 
inches of the surface layer is grayish brown sandy loam 
and the lower 5 inches is gravelly sandy loam. The 
substratum is pale brown gravelly loamy sand about 3 
inches thick. Granite is at a depth of 1 0 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate to high. The 
hazard of soil blowing is slight. 
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This unit is used mainly as rangeland, for wildlife 
habitat, and for fuelwood and timber production. It is also 
used as watershed and for recreation. 

The potential plant community on this unit is mainly 
ponderosa pine and alligator juniper. The understory 
vegetation typically consists of gray oak, Gambel oak, 
silverleaf oak, blue grama, sideoats grama, bottlebrush 
squirreltail, pine dropseed, muttongrass, and pinyon. 

This unit is poorly suited to timber production. The site 
index for ponderosa pine ranges from 30 to 50. The 
main concerns in management are the low productivity 
and low potential for reforestation. 

This unit is poorly suited to fuelwood production. It can 
produce 1 cord of wood per acre in a stand of trees that 
average 5 inches in diameter at a height of 1 foot. 

79-Lithic Haploborolls, warm, 40 to 80 percent 
slopes. This map unit is in uneven mountainous areas. 
The soils in the unit formed in residuum derived 
dominantly from granite. The native vegetation is mainly 
ponderosa pine and alligator juniper. Elevation is 6,200 
to 7,600 feet. The average annual precipitation is 16 to 
20 inches, the average annual air temperature is 42 to 
45 degrees F, and the average frost-free period is 140 to 
170 days. 

Included in this unit are Typic Eutroboralfs, warm; 
Lithic Argiborolls, warm; Lithic Ustorthents; and Udic 
Ustorthents. Included areas make up about 40 percent 
of the total acreage. The percentage varies from one 
area to another. 

Lithic Haploborolls, warm, are shallow and well 
drained. Texture and the content of rock fragments are 
variable. In a reference profile, the surface layer is 
covered with a layer of forest litter. The surface layer is 
dark grayish brown stony sandy loam and gravelly sandy 
loam about 1 0 inches thick. The subsoil is brown very 
gravelly sandy clay loam about 5 inches thick. Bedrock is 
at a depth of 15 inches. 

Permeability of these soils generally is moderate. 
Available water capacity is very low. Effective rooting 
depth is less than 20 inches. Runoff is medium, and the 
hazard of water erosion is ~igh. The hazard of soil 
blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The potential plant community on this unit is mainly 
ponderosa pine and alligator juniper. The understory 
vegetation typically consists of gray oak, Gambel oak, 
silverleaf oak, blue grama, sideoats grama, bottlebrush 
squirreltail, pine dropseed, muttongrass, and pinyon. 

This unit is poorly suited to timber production. The site 
index for ponderosa pine ranges from 30 to 50. The 
main concerns in management are the low productivity 
and low potential for reforestation. 

This unit is poorly suited to fuelwood production. It can 
produce 1 cord of wood per acre in a stand of trees that 
average 5 inches in diameter at a height of 1 foot. 

Soil survey 

SO-Lithic Haplustalfs, dry-Aridic Haplustalfs 
complex, 15 to 40 percent slopes. This map unit is on 
mountainsides and low hills. The soils in the unit formed 
in residuum and alluvium derived dominantly from 
granite, rhyolite, and conglomerate. The native 
vegetation is mainly blue grama and sacahuista. 
Elevation is 5,000 to 5,900 feet. The average annual 
precipitation is 1 0 to 12 inches, the average annual. air 
temperature is 52 to 57 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 45 percent Lithic Haplustalfs, dry, and 35 
percent Aridic Haplustalfs. The components of this unit 
are so intricately ·intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are Aridic Argiustolls, Aridic 
Ustochrepts, Lithic Argiustolls, Lithic Ustochrepts, and 
Lithic Haplustolls. Included areas make up about 20 
percent of the total acreage. The percentage varies from 
one area to another. 

Lithic Haplustalfs, dry, are shallow and well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is dark yellowish 
brown very gravelly sandy loam about 2 inches thick. 
The upper 7 inches of the subsoil is dark brown very 
gravelly sandy loam, and the lower 1 0 inches is dark 
yellowish brown very gravelly sandy clay loam. Granite is 
at a depth of 19 inches. 

Permeability of these soils generally is moderate. 
Available water capacity is very low. Effective rooting 
depth is less than 20 inches. Runoff is medium, and the 
hazard of water erosion is moderate. The hazard of soil 
blowing is slight. 

Aridic Haplustalfs are moderately deep and deep and 
are well drained. Texture and the content of rock 
fragments are variable. In a reference profile, the surface 
layer is light brown very gravelly loamy sand and 
yellowish brown gravelly sandy loam about 3 inches 
thick. The subsoil is brown gravelly sandy .clay loam 
about 26 inches thick. The substratum is brown 
extremely gravelly sandy loam and very gravelly sandy 
loam about 28 inches thick. Depth to bedrock is 20 to 60 
inches or more. 

Permeability of these soils generally is moderately 
slow. Available water capacity is low. Effective rooting 
depth is 20 to 60 inches or more. Runoff is medium, and 
the hazard of water erosion is moderate. The hazard of 
soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The potential plant community on this unit is mainly 
blue grama and sacahuista. The understory vegetation 
typically consists of blue grama, sacahuista, sideoats 
grama, black grama, galleta, datil yucca, cactus, muhly, 
mesquite, acacia, gray oak, oneseed juniper, turbinella 
oak, turpentinebush, and sotol. 
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81-Lithic Haplustalfs, dry-Arldlc Haplustalfs 
complex, 40 to 80 percent slopes. This map unit is in 
uneven mountainous areas and on some low hills. The 
soils in the unit formed in residuum and alluvium derived 
dominantly from granite, rhyolite, and conglomerate. The 
native vegetation is mainly blue grama and sacahuista. 
Elevation is 4,800 to 6,600 feet. The average annual 
precipitation is 1 0 to 12 inches, the average annual air 
temperature is 52 to 57 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 35 percent Lithic Haplustalfs, dry, and 30 
percent Aridic Haplustalfs. The components of thi~ unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are Aridic Argiustolls, Aridic 
Ustochrepts, Lithic Argiustolls, Lithic Ustochrepts, and 
Lithic Haplustolls. Included areas make up about 35 
percent of the total acreage. The percentage varies from 
one area to another. 

Lithic Haplustalfs, dry, are shallow and well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is dark yellowish 
brown very gravelly sandy loam about 2 inches thick. 
The upper 7 inches of the subsoil is dark brown very 
gravelly sandy loam, and the lower 1 0 inches is dark 
yellowish brown sandy clay loam. Granite is at a depth of 
19 inches. 

Permeability of these soils generally is moderate. 
Available water capacity is very low. Effective rooting 
depth is less than 20 inches. Runoff is medium, and the 
hazard of water erosion is high. The hazard of soil 
blowing is slight. 

Aridic Haplustalfs are moderately deep and deep and 
are well drained. Texture and the content of rock 
fragments are variable. In a reference profile, the surface 
layer is light brown to yellowish brown gravelly loamy 
sand or gravelly sandy loam about 3 inches thick. The 
subsoil is brown gravelly sandy clay loam about 26 
inches thick. The substratum is brown extremely gravelly 
sandy loam and very gravelly sandy loam about 26 
inches thick. Depth to bedrock is 20 to 60 inches or 
more. 

Permeability of these soils generally is moderately 
slow. Available water capacity is low. Effective rooting 
depth is 20 to 60 inches or more. Runoff is medium, and 
the hazard of water erosion is high. The hazard of soil 
blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The pqtential plant community on this unit is mainly 
blue grama and sacahuista. The understory vegetation 
typically consists of blue grama, sacahuista, sideoats 
grama, black grama, galleta, datil yucca, cactus, muhly, 
mesquite, acacia, gray oak, oneseed juniper, turbinella 
oak, turpentinebush, and sotol. 
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82-Lithlc Haplustalfs, dry-Lithic Ustorthents, 
moist, association, 40 to 80 percent slopes. This map 
unit is in uneven mountainous areas and on some low 
hills. The soils in the unit formed in residuum derived 
dominantly from granite, rhyolite, and conglomerate. The 
native vegetation is mainly blue grama and sacahuista 
on the south-facing side slopes and pinyon and alligator 
juniper on the north-facing side slopes. Elevation is 
4,600 to 5,600 feet. The average annual precipitation is 
1 0 to 16 inches, the average annual air temperature is 
52 to 57 degrees F, and the average frost-free period is 
160 to 180 days. 

This unit is 30 percent Lithic Haplustalfs, dry, and 30 
percent Lithic Ustorthents, moist. 

Included in this unit are Lithic Ustorthents; Lithic 
Argiustolls; Udic Haplustalfs; Lithic Haplustalfs, moist; 
Typic Ustorthents; and Udic Ustochrepts. Included areas 
make up about 40 percent of the total acreage. The 
percentage varies from one area to another. 

Lithic Haplustalfs, dry, are shallow and well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is dark yellowish 
brown very gravelly sandy loam about 2 inches thick. 
The upper 7 inches of the subsoil is dark brown very 
gravelly sandy loam, and the lower 10 inches is dark 
yellowish brown sandy clay loam. Granite is at a depth of 
19 inches. 

Permeability of these soils generally is moderate. 
Available water capacity is very low. Effective rooting 
depth is less than 20 inches. Runoff is medium, and the 
hazard of water erosion is high. The hazard of soil 
blowing is slight. 

Lithic Ustorthents, moist, are shallow and well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is pale brown 
very stony sandy loam and yellowish brown very cobbly 
sandy loam about 10 inches thick. The substratum is 
light yellowish brown cobbly sandy loam about 7 inches 
thick. Bedrock is at a depth of 17 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is high. The hazard of 
soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 
A few areas are used for fuelwood production. 

The potential plant community on Lithic Haplustalfs, 
dry, is mainly blue grama and sacahuista. The understory 
vegetation typically consists of oneseed juniper, 
mesquite, sacahuista, cactus, turbinella oak, gray oak, 
datil yucca, turpentinebush, sotol, blue grama, sideoats 
grama, _galleta, muhly, and black grama. The potential 
plant community on Lithic Ustorthents, moist, is mainly 
pinyon and alligator juniper. The understory vegetation 
typically consists of gray oak, turbinella oak, Wright 
silktassel, sacahuista, datil yucca, hairy 
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mountainmahogany, blue grama, sideoats grama, little 
bluestem, longtongue muhly, wolftail, and oneseed 
juniper. 

Lithic Ustorthents, moist, are poorly suited to fuelwood 
production. They can produce 4 cords of wood per acre 
in a stand of trees that average 5 inches in diameter at a 
height of 1 foot. Lithic Haplustalfs, dry, are not used for 
fuelwood production. 

83-Lithlc Haplustalfs, loamy-skeletal, mixed, 
mesic-Lithic Haplustolls, loamy-skeletal, mixed, 
mesic complex, moist, 15 to 40 percent slopes. This 
map unit is on low hills and in smooth to uneven 
mountainous areas. The soils in the unit formed in 
residuum derived dominantly from granite, rhyolite, and 
conglomerate. The native vegetation is mainly pinyon 
and alligator juniper. Elevation is 5, 700 to 6,600 feet. 
The average annual precipitation is 14 to 18 inches, the 
average annual air temperature is 48 to 54 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 30 percent Lithic Haplustalfs, loamy
skeletal, mixed, mesic, moist, and 25 percent Lithic 
Haplustolls, loamy-skeletal, mixed, mesic, moist. The 
components of this unit are so intricately intermingled 
that it was ·not practical to map them separately at the 
scale used. 

Included in this unit are Lithic Argiustolls, moist; Udic 
Argiustolls; Udic Haplustolls; and Lithic Ustorthents, 
moist. Included areas make up about 45 percent of the 
total acreage. The percentage varies from one area to 
another. 

Lithic Haplustalfs, loamy-skeletal, mixed, mesic, moist, 
are shallow and well drained. In a reference profile, the 
surface layer is dark yellowish brown very gravelly sandy 
loam about 2 inches thick. The subsoil is yellowish 
brown very cobbly sandy loam and very cobbly sandy 
clay loam about 16 inches thick. Bedrock is at a depth of 
18 inches. 

Permeability of these soils generally is moderately 
slow. Available water capacity is very low. Effective_ 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate. The hazard 
of soil blowing is slight. 
· Lithic Haplustolls, loamy-skeletal, mixed, mesic, moist, 

are shallow and well drained. In a reference profile, the 
surface layer is brown very gravelly sandy loam about 2 
inches thick. The subsoil is brown very gravelly sandy 
loam about 8 inches thick. Bedrock is at a depth of 1 0 
inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate. The hazard 
of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

Soil survey 

The potential plant community on this unit is mainly 
pinyon and alligator juniper. The understory vegetation 
typically consists of oak, hairy mountainmahogany, datil 
yucca, cactus, blue grama, sideoats grama, oneseed 
juniper, Wright silktassel, muhly, wolftail, and sacahuista. 

This unit is well suited to fuelwood production. It can 
produce 12 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

84-Lithlc Haplustolls, loamy-skeletal, mixed, 
mesic-Typic Haplustalfs, fine, mixed, mesic complex, 
40 to 80 percent slopes. This map unit is in smooth to 
uneven mountainous areas. The soils in the unit formed 
in residuum derived dominantly from granite, rhyolite, and 
conglomerate. The native vegetation is mainly alligator 
juniper and gray oak. Elevation is 5,400 to 7,000 feet. 
The average annual precipitation is 12 to 14 inches, the 
average annual air temperature is 52 to 57 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 30 percent Lithic Haplustolls, loamy
skeletal, mixed, mesic, and 30 percent Typic Haplustalfs, 
fine, mixed, mesic. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are Lithic Argiustolls, Typic 
Argiustolls, Typic Haplustolls, Lithic Haplustalfs, Typic 
Ustochrepts, and Lithic Ustochrepts. Included areas 
make up about 40 percent of the total acreage. The 
percentage varies from one area to another. 

Lithic Haplustolls, loamy-skeletal, mixed, mesic, are 
shallow and well drained. In a reference profile, the soil 
is brown very gravelly sandy loam about 8 inches thick. 
Bedrock is at a depth of 8 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective · 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is high. The hazard of 
soil blowing is slight. 

Typic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep and are well drained. In a reference 
profile, the surface layer is brown very gravelly clay loam 
about 3 inches thick. The subsoil is yellowish red 
gravelly sandy clay about 14 inches thick. The 
substratum is brown very gravelly sandy loam about 9 
inches thick. Bedrock is at a depth of 26 inches. Depth 
to bedrock is 20 to 60 inches or more. 

Permeability of these soils generally is slow. Available 
water capacity is very low. Effective rooting depth is 20 
to 60 inches or more. Runoff is rapid, and the hazard of 
water erosion is high. The hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The potential plant community on this unit is mainly 
alligator juniper and gray oak. Typical understory 
vegetation consists of oak, hairy mountainmahogany, 
cactus, sacahuista, datil yucca, soaptree yucca, blue 
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grama, sideoats grama, New Mexico muhly, pinyon 
wolftail, oneseed juniper, and Wright silktassel. 

This unit is poorly suited to fuelwood production. It can 
produce 6 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

85-Lithic Ustorthents, loamy-skeletal, mixed, 
nonacid, mesic-Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic complex, moist, 40 to 80 
percent slopes. This map unit is in uneven mountainous 
areas. The soils in the unit formed in residuum and 
colluvium derived dominantly from granite, rhyolite, and 
gneiss. The native vegetation is mainly pinyon and 
alligator juniper. Elevation is 4,600 to 6,900 feet. The 
average annual precipitation is 14 to 1 B inches, the 
average annual air temperature is 48 to 54 degrees F, 
and the average frost-free period is 150 to 1 BO days. 

This unit is 30 percent Lithic Ustorthents, loamy
skeletal, mixed, nonacid, mesic, moist, and 30 percent 
Typic Ustorthents, loamy-skeletal, mixed, nonacid, mesic, 
moist. The components of this unit are so intricately 
intermingled that it was not practical to map them 
separately at the scale used. 

Included in this unit are Lithic Ustochrepts, moist; 
Lithic Argiustolls, moist; and Udic Haplustalfs. Included 
areas make up about 40 percent of the total acreage. 
The percentage varies from one area to another. 

Lithic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, moist, are shallow and well drained. In a 
reference profile, the soil is yellowish brown very gravelly 
sandy loam about 1 0 inches thick. Bedrock is at a depth 
of 1 o inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate to high. The 
hazard of soil blowing is slight. 

Typic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, moist, are moderately deep and deep and are 
well drained. In a reference profile, the surface layer is 
brown very gravelly sandy loam about 7 inches thick. 
The substratum is very pale brown very stony loamy fine 
sand about 53 inches thick. Bedrock is at a depth of 20 
to 60 inches or more. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is low. Effective rooting 
depth is 20 inches or more. Runoff is medium, and the 
hazard of water erosion is moderate to high. The hazard 
of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on this unit is mainly 
pinyon and alligator juniper. The understory vegetation 
typically consists of oneseed juniper; gray oak, Wright 
silktassel, sacahuista, wolftail, hairy mountainmahogany, 
turbinella oak, sideoats grama, longtongue muhly, 

mountain muhly, blue grama, little bluestem, and datil 
yucca. 
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This unit is well suited to fuelwood production. It can 
produce 1 0 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

86-Rock outcrop·Ustorthents-Haplustolls 
complex, 25 to 100 percent slopes. This map unit is 
on canyonsides, hillsides, and mountainsides. It formed 
in residuum and colluvium derived dominantly from 
granite, rhyolite, and altered andesite. The native 
vegetation is mainly alligator juniper and gray oak. 
Elevation is 5,200 to 6,600 feet. The average annual 
precipitation is 12 to 14 inches, the average annual air 
temperature is 52 to 57 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 60 percent Rock outcrop, 20 percent 
Ustorthents, and 20 percent Haplustolls. The 
components of this unit are so intricately intermingled 
that it was not practical to map them separately at the 
scale used. 

Rock outcrop consists of areas of exposed granite, 
rhyolite, and andesite that support little if any vegetation. 

Ustorthents are shallow to deep and are well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is yellowish 
brown extremely gravelly sandy loam about 7 inches 
thick. The substratum is very pale brown extremely 
gravelly sandy loam about 5 inches thick. Bedrock is at a 
depth of 5 to 60 inches or more. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is 5 to 60 inches or more. Runoff is rapid, 
and the hazard of water erosion is moderately high. The 
hazard of soil blowing is slight. 

Haplustolls are shallow to deep and are well drained. 
Texture and the content of rock fragments are variable. 
In a reference profile, the surface layer is yellowish 
brown and dark yellowish brown gravelly sandy loam 
about 8 inches thick. The substratum is dark yellowish 
brown gravelly sandy loam and yellowish brown 
extremely cobbly sandy loam about 52 inches thick. 
Bedrock is at a depth of 5 to 60 inches or more. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is 5 to 60 inches or more. Runoff is rapid, 
and the hazard of water erosion is moderate to high. The 
hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat. It is also used as watershed and for recreation. 

The potential plant community on this unit is mainly 
alligator juniper and gray oak. The understory vegetation 
typically consists of oak, hairy mountainmahogany, 
cactus, sacahuista, datil yucca, soaptree yucca, blue 
grama, sideoats grama, New Mexico muhly, wolftail, 
oneseed juniper, pinyon, and Wright silktassel. The 
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production of forage is limited by the areas of Rock 
outcrop in the unit. 

87-Typic Haplustalfs, fine, mixed, mesic-Lithic 
Haplustolls, loamy-skeletal, mixed, mesic complex, 1 
to 15 percent slopes. This map unit is on nearly level 
alluvial plains and in uneven mountainous areas. The 
soils in the unit formed in old alluvium and residuum 
·derived dominantly from granite, rhyolite, and 
conglomerate. The native vegetation is mainly alligator 
juniper and gray oak. Elevation is 5,400 to 6,500 feet. 
The average annual precipitation is 12 to 14 inches, the 
average annual air temperature is 52 to 57 degrees F, 
and the average frost-free period is 150 to 180 days. 

This unit is 30 percent Typic Haplustalfs, fine, mixed, 
mesic, and 30 percent Lithic Haplustolls, loamy-skeletal, 
mixed, mesic. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are Lithic Argiustolls, Lithic 
Haplustalfs, Typic Argiustolls, Lithic Ustorthents, and 
Typic Ustorthents. Included areas make up about 40 
percent of the total acreage. The percentage varies from 
one area to another. 

Typic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep and are well drained. In a reference 
profile, the surface layer is brown very gravelly clay loam 
about 3 inches thick. The subsoil is reddish brown 
gravelly clay and yellowish red gravelly sandy clay about 
14 inches thick. The substratum is brown very gravelly 
sandy loam about 9 inches thick. Bedrock is at a depth 
of 26 inches. Depth to bedrock is 20 to 60 inches or 
more. 

Permeability of these soils generally is slow. Available 
water capacity is very low. Effective rooting depth is 20 
to 60 inches or more. Runoff is rapid, and the hazard of 
water erosion is moderate. The hazard of soil blowing is 
slight. 

Lithic Haplustolls, loamy-skeletal, mixed, mesic, are 
shallow and well drained. In a reference profile, the soil 
is brown very gravelly sandy loam about 8 inches thick. 
Bedrock is at a depth of 8 inches. Depth to bedrock is 5 
to 19 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate. The hazard 
of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on this unit is mainly 
alligator juniper and gray oak. The understory vegetation 
typically consists of oak, hairy mountainmahogany, 
cactus, sacahuista, datil yucca, soaptree yucca, blue 
grama, sideoats grama, New Mexico muhly, pinyon, 
wolftail, oneseed juniper, and Wright silktassel. 

Soil survey 

This unit is poorly suited to fuelwood production. It can 
produce 8 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

88-Typic Haplustalfs, fine, mixed, mesic-Lithic 
Haplustolls, loamy-skeletal, mixed, mesic complex, 
15 to 40 percent slopes. This map unit is in smooth 
and uneven mountainous areas. The soils in the unit 
formed in residuum derived dominantly from granite, 
rhyolite, and conglomerate. The native vegetation is 
mainly alligator juniper and gray oak. Elevation is 5,400 
to 6,500 feet. The average annual precipitation is 12 to 
14 inches, the average annual air temperature is 52 to 
57 degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 30 percent Typic Haplustalfs and 30 
percent Lithic Haplustolls. The components of this unit 
are so intricately intermingled that it was not practical to 
map them separately at the scale used. 

Included in this unit are Lithic Argiustolls, Lithic 
Haplustalfs, Typic Argiustolls, and Ustorthents. Included 
areas make up about 40 percent of the total acreage. 
The percentage varies from one area to another. 

Typic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep and are well drained. In a reference 
profile, the surface layer is brown very gravelly clay loam 
about 3 inches thick. The subsoil is reddish brown 
gravelly clay and yellowish red gravelly sandy clay about 
14 inches thick. The substratum is brown very gravelly 
sandy loam about 9 inches thick. Bedrock is at a depth 
of 26 inches. Depth to bedrock is 20 to 60 inches or 
more. 

Permeability of these soils generally is slow. Available 
water capacity is very low. Effective rooting depth is 20 
to 60 inches or more. Runoff is medium, and the hazard 
of water erosion is moderate. The hazard of soil blowing 
is slight. 

Lithic Haplustolls, loamy-skeletal, mixed, mesic, are 
shallow and well drain.ed. In a reference profile, the soil 
is brown very gravelly sandy loam about 8 inches thick.' 
Bedrock is at a depth of 8 inches. Depth to bedrock is 5 
to 19 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is medium, 
and the hazard of water erosion is moderate. The hazard 
of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on this unit is mainly 
alligator juniper and gray oak. The understory vegetation 
typically consists of oak, hairy mountainmahogany, 
cactus, sacahuista, datil yucca, soaptree yucca, blue 
grama, sideoats grama, New Mexico muhly, pinyon, 
wolftail, oneseed juniper, and Wright silktassel. 
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This unit is poorly suited to fuelwood production. It can 
produce 8 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

89-Typic Ustipsamments, mixed, mesic-Cumullc 
Haplustolls, coarse-loamy, mixed, mesic complex, 1 
to 10 percent slopes. This map unit is on alluvial 
bottoms and alluvial fans. The soils in this unit formed in 
alluvium derived dominantly from granite, rhyolite, and 
conglomerate. The native vegetation is mainly riparian 
desertwillow, Arizona walnut, and alligator juniper. 
Elevation is 5,000 to 5, 700 feet. The average annual 
precipitation is 1 0 to 14 inches, the average annual air 
temperature is 52 to 57 degrees F, and the average 
frost-free period is 150 to 180 days. 

This unit is 50 percent Typic Ustipsamments, mixed, 
mesic, and 30 percent Cumulic Haplustolls, coarse
loamy, mixed, mesic. The components of this unit are so 
intricately intermingled that it was not practical to map 
them separately at the scale used. 

Included in this unit are Typic Ustifluvents and Aridic 
Haplustolls. Included areas make up about 20 percent of 
the total acreage. The percentage varies from one area 
to another. 

Typic Ustipsamments, mixed, mesic, are deep and well 
drained. In a reference profile, the surface layer is brown 
and yellowish brown gravelly loamy sand about 8 inches 
thick. The substratum is yellowish brown gravelly loamy 
sand about 52 inches thick. 

Permeability of these soils generally is rapid. Available 
water capacity is low. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is high. These soils are subject to flooding in 
summer. Channeling and deposition are common along 
streambanks. The hazard of soil blowing is slight to 
moderate. 

Cumulic Haplustolls, coarse-loamy, mixed, mesic, are 
deep and well drained. In a reference profile, the surface 
layer is brown and dark grayish brown sandy loam about 
33 inches thick. The substratum is dark brown gravelly 
sandy loam about 27 inches thick. 

Permeability of these soils generally is rapid. Available 
water capacity is high. Effective rooting depth is 60 
inches or more. Runoff is slow, and the hazard of water 
erosion is high. These soils are subject to flooding in 
summer. Channeling and deposition are common along 
streambanks. The hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on this unit is mainly 
alligator juniper, Arizona walnut, and desertwillow. The 
understory vegetation typically consists of gray oak, 
sacahuista, soaptree yucca, cactus, broom muhly, and 
sand dropseed. 
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This unit is poorly suited to fuelwood production. It can 
produce 6 cords of wood per acre in a stand of trees 
that average 5 inches in diameter at a height of 1 foot. 

90-Udic Ustochrepts, coarse-loamy, mixed, 
mesic-Lithic Haplustalfs, loamy-skeletal, mixed, 
mesic, moist complex, 1 to 15 percent slopes. This 
map unit is on mountainsides, low hills, and alluvial 
plains. The soils in this unit formed in residuum and 
alluvium derived dominantly from granite, rhyolite, and 
conglomerate. The native vegetation is mainly pinyon, 
alligator juniper, and gray oak. Elevation is 5,600 to 
6,500 feet. The average annual precipitation is 14 to 18 
inches, the average annual air temperature is 48 to 54 
degrees F, and the average frost-free period is 150 to 
180 days. 

This unit is 35 percent Udic Ustochrepts, coarse
loamy, mixed, mesic, and 35 percent Lithic Haplustalfs, 
loamy-skeletal, mixed, mesic, moist. The components of 
this unit are so intricately intermingled that it was not 
practical to map them separately at the scale used. 

Included in this unit are Lithic Haplustolls, moist; Udic 
Argiustolls; and Lithic Argiustolls, moist. Included areas 
make up about 30 percent of the total acreage. The 
percentage varies from one area to another. 

Udic Ustochrepts, coarse-loamy, mixed, mesic, are 
moderately deep and deep and are well drained. In a 
reference profile, the surface layer is brown and pale 
brown sandy loam about 9 inches thick. The subsoil is 
light yellowish brown sandy loam about 11 inches thick. 
The substratum is light yellowish brown sandy loam 
about .40 inches thick. Bedrock is at a depth of 20 to 60 
inches or more. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is high. Effective rooting 
depth is 20 to 60 inches or more. Runoff is slow, and the 
hazard of water erosion is slight to moderate. The 
hazard of soil blowing is slight. 

Lithic Haplustalfs, loamy-skeletal, mixed, mesic, moist, 
are shallow and well drained. In a reference profile, the 
surface layer is dark yellowish brown very gravelly sandy 
loam about 2 inches thick. The upper 8 inches of the 
subsoil is dark brown and yellowish brown very cobbly 
sandy loam, and the lower 8 inches is yellowish brown 
very cobbly sandy clay loam. Bedrock is at a depth of 18 
inches. Depth to bedrock is 8 to 20 inches. 

Permeability of these soils generally is moderately 
rapid. Available water capacity is very low. Effective 
rooting depth is less than 20 inches. Runoff is slow, and 
the hazard of water erosion is slight to moderate. The 
hazard of soil blowing is slight. 

This unit is used mainly as rangeland and for wildlife 
habitat and fuelwood production. It is also used as 
watershed and for recreation. 

The potential plant community on this unit is mainly 
pinyon and alligator juniper. The understory vegetation 
typically consists of oneseed juniper, gray oak, turbinella 
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oak, sacahuista, datil yucca, blue grama, sideoc.ts grama, 
Wright silktassel, mountain muhly, longtongue muhly, 
wolftail, hairy mountainmahogany, and cactus. 

This unit is well suited to fuelwood production. It can 
produce 12 cords of wood per acre in a stand of trees 
that averages 5 inches in diameter at a height of 1 foot. 

Use and management of the soils 
This soil survey is an inventory and evaluation of the 

soils in the survey area. It can be used to adjust land 
uses to the limitations and potentials of natural 
resources and the environment. 

In preparing a soil survey, soil scientists collect 
extensive field data about the nature and behavior 
characteristics of the soils. They collect data on erosion, 
vegetation, climate, lithology, landforms, flooding, and 
other factors that affect various soil uses and 
management. Field experience and collected data on 
soil properties and performance are used as a basis in 
predicting soil behavior. 

Information in this section can be used to plan the use 
and management of soils as woodland and rangeland. 

Rangeland 

In areas that have similar climate and topography, 
differences in the kind and amount of vegetation 
produced on rangeland are closely·related to the kind of 
soil. Effective management is based on the relationship 
between the soils and vegetation and climate. 

Table 2 shows, for those soils that are used as or are 
suited to use as rangeland, the average annual 
production of vegetation; the potential natural vegetation; 
and the average percentage of each species. 
Explanation of the column headings in table 2 follows. 

Average production is the amount of vegetation that 
can be expected to grow ·annually on rangeland that is 
supporting the potential natural plant community. It is 
expressed as the average annual production in pounds 
per acre of forage and herbage. Forage is the vegetation 
that is available and palatable to livestock or wildlife. 
Herbage includes all vegetation, whether or not it is 
palatable to grazing animals. Average production 
includes the current year's growth of leaves, twigs, and 
fruits of woody plants that are 4.5 feet in height or less. 
It does not include the increase in stem diameter of 
trees and shrubs. 

Potential natural vegetation-the grasses, forbs, and 
shrubs that make up most of the potential natural plant 
community on each soil-is listed by common name. 
Under composition, the expected percentage of the total 
population is given for each species making up the 
potential natural vegetation. The amount that can be 
used as forage depends on the kinds of grazing animals 
and on the grazing season. 

Soil survey 

Range management requires an evaluation of the 
condition and trend of the range in order to establish a 
balance between plant needs and allowable use. While 
trend is an expression of change in response to past and 
existing livestock management practices combined with 
other environmental factors, condition is a subjective 
expression of the status or health of the vegetation and 
soil relative to their combined potential to produce a 
sound and stable biotic community. The relationship 
among condition, trend, and use patterns allows 
development of managment systems pertinent to the 
needs of both livestock and other users of our natural 
resources. 

Woodland productivity 

Table 3 can be used by forest managers in planning 
the use of soils for wood production. Only those soils 
suitable for wood production are listed. 

The potential productivity of merchantable or common 
trees on a soil is expressed as a site index. This index is 
the average height, in feet, that dominant and 
codominant trees of a given species attain in a specified 
number of years. The site index applies to fully stocked, 
even-aged, unmanaged stands. The potential productivity 
of pinyon and juniper is expressed as a site index and in 
cords per acre in a stand of trees that average 5 inches 
in diameter at a height of 1 foot. 

Woodland understory vegetation 

Understory vegetation consists of grasses, forbs, 
shrubs, and trees. Some woodland, if well managed, can 
produce enough understory vegetation to support 
grazing of livestock or wildlife, or both, without damage 
to the trees. 

The quantity and quality of understory vegetation vary 
with the kind of soil, the age and kind of trees in the 
canopy, the density of the canopy, and the depth and 
condition of the litter. The density of the canopy 
determines the amount of light that understory plants 
receive. 

Table 4 shows, for each soil suitable for woodland 
use, the potential for producing understory vegetation. 
The total production of understory vegetation includes 
the herbaceous plants and the leaves, twigs, and fruit of 
woody plants up to a height of 4 112 feet. It is expressed 
in pounds per acre of air-dry forage and herbage in a 
normal year, when soil moisture is average. 

Table 4 also lists the common names of the potential 
natural vegetation for each soil and the percentage 
composition for each species. 

Soil and water features 

Table 5 gives estimates of selected soil and water 
features. The estimates are used in land use planning. 
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Hydrologic soil groups are used to estimate runoff 
from precipitation. Soils not protected by vegetation are 
assigned to one of four groups. They are grouped 
according to the intake of water when the soils are 
thoroughly wet and receive precipitation from long
duration storms. 

The four hydrologic soil groups are: 
Group A. Soils having a high infiltration rate (low runoff 

potential) when thoroughly wet. These consist mainly of 
deep, well drained to excessively drained sands or 
gravelly sands. These soils have a high rate of water 
transmission. 

Group B. Soils having a moderate infiltration rate when 
thoroughly wet. These consist chiefly of moderately deep 
or deep, moderately well drained or well drained soils 
that have moderately fine texture to moderately coarse 
texture. These soils have a moderate rate of water 
transmission. 

Group C. Soils having a slow infiltration rate when 
thoroughly wet. These consist chiefly of soils having a 
layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These 
soils have a slow rate of water transmission. 

Group D. Soils having a very slow infiltration rate (high 
runoff potential) when thoroughly wet. These consist 
chiefly of clays that have a high shrink-swell potential, 
soils that have a permanent high water table, soils that 
have a claypan or clay layer at or near the surface, and 
soils that are shallow over nearly impervious material. 
These soils have a very slow rate of water transmission. 

Flooding, the temporary inundation of an area, is 
caused by overflowing streams, by runoff from adjacent 
slopes, or by tides. Water standing for short periods after 
rainfall or snowmelt is not considered flooding, nor is 
water in swamps and marshes. 

Table 5 gives the frequency and duration of flooding 
and the time of year when flooding is most likely. 

Frequency, duration, and probable dates of occurrence 
are estimated. Frequency is expressed as none, rare, 
common, occasional, and frequent. None means that 
flooding is not probable; rare that it is unlikely but 
possible under unusual weather conditions; common that 
it is likely under normal conditions; occasional that it 
occurs on an average of once or less in 2 years; and 
frequent that it occurs on an average of more than once 
in 2 years. Duration is expressed as very brief if less 
than 2 days, brief if 2 to 7 days, and long if more than 7 
days. Probable dates are expressed in months; July
September, for example, means that flooding can occur 
during the period November through May. 

The information is based on evidence in the soil 
profile, namely thin strata of gravel, sand, silt, or clay 
deposited by floodwater; irregular decrease in organic 
matter content with increasing depth; and absence of 
distinctive horizons that form in soils that are not subject 
to flooding. 
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Also considered are local information about the extent 
and levels of flooding and the relation of each soil on 
the landscape to historic floods. Information on the 
extent of flooding based on soil data is less specific than 
that provided by detailed engineering surveys that 
delineate flood-prone areas at specific flood frequency 
levels. · 

High water table (seasonal) is the highest level of a 
saturated zone in the soil in most years. The depth to a 
seasonal high water table applies to undrained soils. The 
estimates are based mainly on the evidence of a 
saturated zone, namely grayish colors or mottles in the 
soil. Indicated in table 5 are the depth to the seasonal 
high water table; the kind of water table-that is, 
perched, artesian, or apparent; and the months of the 
year that the water table commonly is high. A water table 
that is seasonally high for less than 1 month is not 
indicated in table 5. 

Depth to bedrock is given if bedrock is within a depth 
of 5 feet. The depth is based on many soil borings and 
on observations during soil mapping. The rock is 
specified as either soft or hard. If the rock is soft or 
fractured, excavations can be made with trenching 
machines, backhoes, or small rippers. If the rock is hard 
or massive, blasting or special equipment generally is 
needed for excavations. 

Potential frost action is the likelihood of upward or 
lateral expansion of the soil caused by the formation of 
segregated ice lenses (frost heave) and the subsequent 
collapse of the soil and loss of strength on thawing. 
Frost action occurs when moisture moves into the 
freezing zone of the soil. Temperature, texture, density, 
permeability, content of organic matter, and depth to the 
water table are the most important factors considered in 
evaluating the potential for frost action. It is assumed 
that the soil is not insulated by vegetation or snow and is 
not artificially drained. Silty and highly structured clayey 
soils that have a high water table in winter are most 
susceptible to frost action. Well drained, very gravelly, or 
very sandy soils are the least susceptible. Frost heave 
and low soil strength during thawing cause damage 
mainly to pavements and other rigid structures. 

Classification of the soils 
The system of soil classification used by the National 

Cooperative Soil Survey has six categories (7). Beginning 
with the broadest, these categories are the order, 
suborder, great group, subgroup, family, and series. 
Classification is based on soil properties observed in the 
field or inferred from those observations or from 
laboratory measurements. In table 1, the soils of the 
survey area are classified according to the system. The 
categories are defined in the following paragraphs. 

ORDER. Ten soil orders are recognized. The 
differences among orders reflect the dominant soil
forming processes and the degree of soil formation. 
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Each order is identified by a word ending in sol. An 
example is Alfisol. 

SUBORDER. Each order is divided into suborders 
primarily on the basis of properties that influence soil 
genesis and are important to plant growth or properties 
that reflect the most important variables within the 
orders. The last syllable in the name of a suborder 
indicates the order. An example is Ustalfs (Ust, meaning 
burnt, plus alf, from Alfisol). 

GREAT GROUP. Each suborder is divided into great 
groups on the basis of close similarities in kin.d, 
arrangement, and degree of development of pedogenic 
horizons; soil moisture and temperature regimes; and 
base status. Each great group is identified by the name 
of a suborder and by a prefix that indicates a property of 
the soil. An example is Haplustalfs (Hap/, meaning 
minimal horizonation, plus usta/f, the suborder of the 
Alfisols). 

SUBGROUP. Each great group has a typic subgroup. 
Other subgroups are intergrades or extragrades. The 
typic is the central concept of the great group; it is not 
necessarily the most extensive. lntergrades are 
transitions to other orders, suborders, or great groups. 
Extragrades have some properties that are not 
representative of the great group but do not indicate 
transitions to any other known kind of soil. Each 
subgroup is identified by one or more adjectives 
preceding the name of the great group. The adjective 
Typic identifies the subgroup that typifies the great 
group. An example is Typic Haplustalfs. 

FAMILY. Families are established within a subgroup on 
the basis of physical and chemical properties and other 
characteristics that affect management. Mostly the 
properties are those of horizons below plow depth where 
there is much biological activity. Among the properties 
and characteristics considered are particle-size class, 
mineral content, temperature regime, depth of the root 
zone, consistence, moisture equivalent, slope, and 
permanent cracks. A family name consists of the name 
of a subgroup preceded by terms that indicate soil 
properties. An example is fine, mixed, mesic Typic 
Haplustalfs. 

The soils in this part of the survey have been named 
at the family, subgroup, or great group level because of 
their variability and the degree of documentation needed 
for cla~sification. Classification at this level will meet the 
needs of the users for forest planning. 

Taxonomic units and their 
morphology 

In this section, each taxonomic unit recognized in the 
National Forest part of the survey area is described. The 
descriptions are arranged in alphabetic order. 

Soil survey 

Characteristics of the soil and the material in which it 
formed are identified for each taxonomic unit. A 
reference pedon, a small three-dimensional area of soil, 
for the taxonomic unit in the survey area is described. 
The detailed description of each soil horizon follows 
standards in the Soil Survey Manual (6). Many of the 
technical terms used in the descriptions are defined in 
Soil Taxonomy (7). Unless otherwise stated, colors in the 
descriptions are for dry soil. Following the pedon 
description is the range of important characteristics of 
the soils. 

The map units of each taxonomic unit are described in 
the section "Detailed soil map units." 

Arldlc Haplustalfs 

Aridic Haplustalfs are moderately deep and deep, well 
drained soils that formed in residuum and alluvium 
derived from granite. These soils are on mountainsides. 
Slope is 1 to 80 percent. Elevation is about 5,320 feet. 
The mean annual precipitation is 1 0 to 14 inches, and 
the mean annual air temperature is 52 to 57 degrees F. 

Reference pedon of Aridic Haplustalfs in the 
NE1 I 4SW1 I 4 of sec. 12, T. 22 S., R. 17 W. 

A1-0 to 1 inch; light brown (7.5YR 614) very gravelly 
loamy sand, brown (7.5YR 414) moist; single grain; 
loose, nonsticky and nonplastic; few very fine roots; 
few very fine pores; 44 percent gravel; medium acid 
(pH 5.6); abrupt smooth boundary. 

A3-1 inch to 3 inches; yellowish brown (10YR 514) 
gravelly sandy loam, dark brown (1 OYR 313) moist; 
weak fine subangular blocky structure; slightly hard, 
very friable, nonsticky and nonplastic; common very 
fine, fine, medium, and coarse roots; few very fine 
and fine pores; 15 percent gravel; slightly acid (pH 
6.5); abrupt smooth boundary. 

B1-3 to 9 inches; brown (7.5YR 514) gravelly sandy 
clay loam, dark brown (7.5YR 414) moist; weak very 
fine subangular blocky structure; slightly hard, very 
friable, slightly sticky and slightly plastic; few very 
fine and fine roots; few very fine and common fine 
interstitial pores; few thin clay films lining pores; 25 
percent gravel; neutral (pH 6.9); clear smooth 
boundary. 

B2t-9 to 26 inches; reddish brown (5YR 514) gravelly 
sandy clay loam, reddish brown (5YR 414) moist; 
moderate medium subangular blocky structure; 
slightly hard, very friable, slightly sticky and slightly 
plastic; few very fine and fine roots; common very 
fine pores; common thin clay films on peds; 30 
percent gravel; mildly alkaline (pH 7.6); clear smooth 
boundary. 
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83-26 to 29 inches; yellowish red (5YR 516) very 
gravelly sandy loam, yellowish red (5YR 416) moist; 
massive; slightly hard, very friable, nonsticky and 
nonplastic; few very fine and fine roots; few very fine 
interstitial pores; few thin clay films lining pores; 40 
percent gravel; mildly alkaline (pH 7.8); clear wavy 
boundary. 

C1-29 to 52 inches; brown (7.5YR 514) extremely 
gravelly sandy loam, dark brown (7.5YR 414) moist; 
massive; soft, very friable, nonsticky and nonplastic; 
few very fine and fine roots; few very fine and fine 
interstitial pores; 70 percent gravel; mildly alkaline 
(pH 7.7); clear wavy boundary. 

C2-52 to 60 inches; brown (7.5YR 514) very gravelly 
sandy loam, dark brown (7.5YR 414) moist; massive; 
slightly hard, very friable, nonsticky and nonplastic; 
few very fine and fine interstitial pores; 40 percent 
gravel and 5 percent cobbles; mildly alkaline (pH 
7.8). 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 37 to 65 inches thick and is medium 
acid to mildly alkaline. Depth to bedrock is more than 20 
inches. 

The A1 horizon has hue of 7.5YR or 10YR, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 3 
to 6. It is 30 to 55 percent gravel and 0 to 1 0 percent 
cobbles and stones. The A3 horizon has chroma of 3 or 
4. It is 0 to 15 percent gravel. 

The 81 horizon has chroma of 3 or 4. It is 15 to 25 
percent gravel. The Bt horizon has hue of 5YR to 1 OYR, 
value of 4 or 5 when dry and 3 or 4 when moist, and 
chroma of 2 to 6. It is 0 to 30 percent gravel and 0 to 1 0 
percent cobbles. The 83 horizon is 35 to 60 percent 
gravel. 

The C1 horizon has hue of 7.5YR or 1 OYR, and it has 
value of 5 or 6 when dry and 4 or 5 when moist. It is 
sandy loam or clay loam and is 30 to 90 percent gravel 
and 0 to 5 percent cobbles. The C2 horizon has hue of 
7.5YR or 1 OYR, and it has value of 5 to 7 when dry and 
4 or 5 when moist. It is sandy loam or sandy clay loam 
and is 35 to 60 percent gravel and 0 to 1 0 percent 
cobbles. 

Aridic Haplustalfs, fine, mixed, mesic 

Aridic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep, well drained soils that formed in 
residuum derived from granite, rhyolite, and 
conglomerate. These soils are on low hills. Slope is 15 
to 40 percent. Elevation is about 5,500 feet. The mean 
annual precipitation is 1 0 to 14 inches, and the mean 
annual air temperature is 52 to 57 degrees F. 

Reference pedon of Aridic Haplustalfs, fine, mixed, 
mesic, in the NE1 I 4SE1 I 4 of sec. 9, T. 18 S., R. 16 W. 
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A 1-0 to 3 inches; dark brown (1 OYR 313) very cobbly 
clay loam, very dark brown (1 OYR 212) moist; weak 
fine and medium granular structure; slightly hard, 
friable, slightly sticky and slightly plastic; few very 
fine and fine roots; common very fine and fine 
interstitial pores; about 30 percent gravel, 20 
percent cobbles, and a few stones; slightly acid (pH 
6.4); clear smooth boundary. 

821t-3 to 15 inches; brown (1 OYR 513) gravelly clay, 
dark brown (1 OYR 413) moist; moderate medium 
subangular blocky structure; very hard, firm, sticky 
and plastic; few very fine, fine, and coarse roots; 
many very fine interstitial and tubular pores; 
common moderately thick clay films in pores; 20 
percent gravel; neutral (pH 6.8); gradual smooth 
boundary. 

822t-15 to 22 inches; light yellowish brown (1 OYR 61 4) 
gravelly sandy clay, yellowish brown (1 OYR 51 4) 
moist; moderate fine subangular blocky structure; 
hard, firm, sticky and plastic; few fine, medium, and 
coarse roots; common very fine and fine interstitial 
and tubular pores; many thick clay films on peds; 20 
percent gravel; violently effervescent; mildly alkaline 
(pH 7.6); gradual wavy boundary. 

C-22 to 28 inches; light yellowish brown (10YR 614) 
gravelly sandy clay, yellowish brown (10YR 514) 
moist; massive; hard, firm, sticky and plastic; few 
fine and coarse roots; common very fine and fine 
interstitial pores; 20 percent gravel; violently 
effervescent; mildly alkaline (pH 7.7); gradual wavy 
boundary. 

R-28 inches; rhyolite. 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 22 to 41 inches thick and is medium 
acid to mildly alkaline. Depth to bedrock is 20 to 60 
inches or more. 

The A 1 horizon has hue of 7.5YR to 1 OYR, value of 3 
to 5 when dry and 2 to 4 when moist, and chroma of 2 
to 6. It ranges from loam to clay loam. The horizon is 30 
to 40 percent gravel and 15 to 20 percent cobbles, and 
it has a few stones. 

The 82t horizon has hue of 5YR to 1 OYR, value of 5 
or 6 when dry and 4 or 5 when moist, and chroma of 3 
to 8. It ranges from sandy clay to clay and is 5 to 25 
percent gravel and 0 to 1 0 percent cobbles. 

The C horizon has hue of 5YR to 1 OYR, value of 5 or 
6 when dry, and chroma of 4 to 8. It ranges from sandy 
clay to clay and is 5 to 20 percent gravel. 

Cumulic Haplustolls 

Cumulic Haplustolls are deep, well drained soils that 
formed in alluvium derived from granite, rhyolite, and 
conglomerate. These soils are on alluvial bottoms. Slope 
is 1 to 15 percent. Elevation is about 5,500 feet. The 
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mean annual precipitation is 1 0 to 12 inches, and the 
mean annual air temperature is 52 to 57 degrees F. 

Reference pedon of Cumulic Haplustolls in the 
SW114SW114 of sec. 1, T. 22 S., R. 17 W. 

A 11-0 to 2 inches; yellowish brown (1 OYR 51 4) very 
gravelly sandy loam, dark brown (1 OYR 313) moist; 
weak fine platy structure; soft, loose, nonsticky and 
nonplastic; few very fine roots; few very fine and fine 
interstitial pores; 30 percent gravel and 5 percent 
cobbles; medium acid (pH 6.0); abrupt smooth 
boundary. 

A12-2 to 8 inches; dark yellowish brown (10YR 414) 
gravelly sandy loam, very dark grayish brown (1 OYR 
312) moist; weak medium subangular blocky 
structure; slightly hard, very friable, nonsticky and 
nonplastic; few very fine and fine roots; few very fine 
and fine interstitial pores; 20 percent gravel; neutral 
(pH 6.8); clear smooth boundary. 

C1-8 to 24 inches; dark yellowish brown (1 OYR 41 4) 
gravelly sandy loam, very dark grayish brown (1 OYA 
312) moist; massive; hard, friable, nonsticky and 
nonplastic; few very fine, fine, and medium roots; 
few very fine and fine interstitial pores; 25 percent 
gravel; neutral (pH 7.0); clear smooth boundary. 

C2-24 to 60 inches; yellowish brown (10YR 514) 
extremely cobbly sandy loam, dark brown (1 OYR 
413) moist; massive; slightly hard, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; few very fine and fine interstitial pores; 30 
percent gravel and 30 percent cobbles; neutral (pH 
7.3). 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 8 to 33 inches thick and is medium acid 
to moderately alkaline. Depth to bedrock is· more than 60 
inches. 

The A horizon has value of 4 or 5 when dry, and it has 
chroma of 2 to 4. It ranges from sandy loam to sandy 
clay loam and is 5 to 30 percent gravel and 0 to 5 
percent cobbles. 

The C1 horizon has value of 4 or 5 when dry and 3 or 
4 when moist, and it has chroma of 2 to 4. It is loamy 
sand or sandy loam and is 20 to 30 percent gravel. The 
C2 horizon has chroma of 3 or 4. It ranges from sandy 
loam to sandy clay loam and is 20 to 30 percent gravel 
and 0 to 30 percent cobbles. 

Cumullc Haplustolls, coarse-loamy, mixed, 
mesic 

Cumulic Haplustolls, coarse-loamy, mixed, mesic, are 
deep, well drained soils that formed in alluvium derived 
from granite, rhyolite, and conglomerate. These soils are 
on alluvial bottoms. Slope is 1 to 1 0 percent. Elevation is 
about 5,400 feet. The mean annual precipitation is 1 0 to 
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14 inches, and the mean annual air temperature is 52 to 
57 degrees F. 

Reference pedon of Cumulic Haplustolls, coarse
loamy, mixed, mesic, in the NE1 I 4SW1 I 4 of sec. 12, T. 
21 S., R. 15 W. 

A 11-0 to 3 inches; brown (1 OYR 513) sandy loam, dark 
brown (1 OYR 313) moist; weak very fine granular 
structure; soft, very friable, nonsticky and nonplastic; 
common very fine roots; common very fine and fine 
interstitial pores; neutral (pH 7.0); abrupt smooth 
boundary. 

A 12-3 to 20 inches; brown (1 OYR 513) sandy loam, 
dark brown (1 OYR 313) moist; weak fine granular 
structure; slightly hard, very friable, nonsticky and 
nonplastic; common very fine roots; common very 
fine and fine interstitial pores; about 5 percent 
gravel; neutral (pH 7.0); clear wavy boundary. 

A 13-20 to 33 inches; dark grayish brown (1 OYR 412) 
sandy loam, very dark grayish brown (1 OYR 312) 
moist; moderate fine granular structure; slightly hard, 
very friable, nonsticky and nonplastic; few very fine 
and fine roots; common very fine and fine interstitial 
pores; about 1 0 percent gravel; mildly alkaline (pH 
7.4); gradual smooth boundary. 

C1-33 to 60 inches; dark brown (1 OYR 413) gravelly 
sandy loam, dark brown (1 OYR 313) moist; massive; 
soft, very friable, nonsticky and nonplastic; few very 
fine roots; common very fine and fine interstitial 
pores; about 1 0 percent gravel and 5 percent 
cobbles; mildly alkaline (pH 7.5). 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 1 o to 33 inches thick and is slightly acid 
to mildly alkaline. Depth to bedrock is more than 60 
inches. The 1 0- to 40-inch control section is less than 18 
percent clay. 

The A 1 horizon has value of 4 or 5 when dry, and it 
has chroma of 2 to 4. It is 5 to 30 percent gravel in the 
upper part and 5 to 15 percent in the lower part. 

The 82 horizon, where present, has value of 4 to 6 
when dry and 3 to 5 when moist, and it has chroma of 3 
to 6. It ranges from sand to sandy loam and is 5 to 30 
percent gravel and 0 to 5 percent cobbles. 

The C1 horizon has value of 4 to 6 when dry and 3 to 
5 when moist, and it has chroma of 3 to 6. It ranges 
from sand to sandy loam and is 5 to 30 percent gravel 
and 0 to 5 percent cobbles. The C2 horizon, where 
present, has value of 4 or 5 when dry and 3 or 4 when 
mqist, and it has chroma of 3 or 4. It is sand or loamy 
sand and is 15 to 30 percent gravel. The C3 and C4 
horizons, where present, have value of 3 or 4 when 
moist and chroma of 2 to 4. They are sand or silty clay 
loam and are 5 to 40 percent gravel. 



Grant County, New Mexico, Central and Southern Parts 

Haplustolls 

Haplustolls are shallow to deep soils that formed in 
mixed parent material. These soils are on hillsides. Slope 
is 25 to 1 00 percent. Elevation ranges from 4,900 to 
6, 700 feet. The mean annual precipitation is 12 to 14 
inches, and the mean annual air temperature is 52 to 57 
degrees F. 

Reference pedon of Haplustolls in the NE1 I 4SW1 I 4 
of sec. 1, T. 22 S., R. 17 W. 

A 11-0 to 2 inches; yellowish brown (1 OYR 51 4) gravelly 
sandy loam, dark brown (1 OYR 313) moist; weak 
fine platy structure; soft, loose, nonsticky and 
nonplastic; few very fine roots; few very fine and fine 
interstitial pores; 30 percent gravel and 5 percent 
cobbles; medium acid (pH 6.0); abrupt smooth 
boundary. 

A 12-2 to 8 inches; dark yellowish brown (1 OYR 41 4) 
gravelly sandy loam, very dark grayish brown (1 OYR 
312) moist; weak fine granular structure; slightly 
hard, very friable, nonsticky and nonplastic; few very 
fine and fine roots; few very fine and fine interstitial 
pores; 20 percent gravel; neutral (pH 6.8); clear 
smooth boundary. 

C1-8 to 24 inches; dark yellowish brown (10YR 414) 
gravelly sandy loam, very dark grayish brown (1 OYR 
312) moist; massive; hard, friable, nonsticky and 
nonplastic; 'few very fine and fine roots; few very fine 
and fine interstitial pores; 25 percent gravel; neutral 
(pH 7.0); clear smooth boundary. 

C2-24 to 60 inches; yellowish brown (10YR 514) 
extremely cobbly sandy loam, brown (1 OYR 413) 
moist; massive; slightly hard, very friable, nonsticky 
and nonplastic; few very fine and fine roots; few 
very fine and fine interstitial pores; 30 percent gravel 
and 30 percent cobbles; neutral (pH 7.3). 

The mean annual soil temperature is 52 to 57 degrees 
F. Depth to bedrock is 5 to 60 inches or more. The 
solum is medium acid to moderately alkaline. 

The A 11 hori?on has value of 4 or 5 when dry, and it 
has chroma of 1 to 4. It is sandy loam, clay loam, or 
sandy clay loam and is 0 to 60 percent rock fragments. 
The A 12 horizon has value of 4 or 5 when dry and 2 or 3 
when moist, and it has chroma of 2 to 4. It is sandy loam 
or sandy clay loam and is o to 70 percent rock 
fragments. 

The C1 horizon has value of 4 to 6 when dry and 3 to 
5 when moist, and it has chroma of 2 to 4. It is sand, 
sandy loam, or loamy sand and is 1 0 to 40 percent rock 
fragments. The C2 horizon has value of 4 to 6 when dry 
and 3 to 5 when moist, and it has chroma of 3 to 6. It is 
sandy clay loam, sandy loam, or loamy sand and is 5 to 
60 percent rock fragments. 
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Lithic Haploborolls, loamy, mixed, warm 

Lithic Haploborolls, loamy, mixed, warm, are shallow, 
well drained soils that for.11ed in residuum and colluvium 
derived from granite. These soils are on low hills and in 
uneven mountainous areas. Slope is 1 to 40 percent. 
Elevation is about 6,800 feet. The mean annual 
precipitation is 16 to 20 inches, and the mean annual air 
temperature is 42 to 45 degrees F. 

Reference pedon of Lithic Haploborolls, loamy, mixed, 
warm, in the NE1 I 4NW1 I 4 of sec. 20, T. 19 S., R. 15 W. 

01-2 inches to 0; layer of litter that includes needles. 
A 11-0 to 2 inches; grayish brown (1 OYR 512) sandy 

loam, very dark gray (10YR 311) moist; weak fine 
granular structure; soft, very friable, nonsticky and 
nonplastic; few very fine and fine roots; few very fine 
and fine interstitial pores; slightly acid (pH 6.4); clear 
smooth boundary. 

A 12-2 to 7 inches; grayish brown (1 OYR 512) gravelly 
sandy loam, dark brown (1 OYR 313) moist; weak 
fine subangular blocky structure; soft, very friable, 
nonsticky and nonplastic; few very fine roots and 
common medium and coarse roots; few very fine 
and fine interstitial pores; 15 percent gravel; neutral 
(pH 6.7); clear smooth boundary. 

C-7 to 10 inches; pale brown (10YR 613) gravelly 
loamy sand, dark brown (1 OYR 413) moist; massive; 
soft, very friable, nonsticky and nonplastic; 30 
percent gravel; few fine medium and coarse roots; 
few very fine and fine interstitial pores; neutral (pH 
6.8); clear wavy boundary. 

R-1 0 inches; weathered granite. 

The mean annual soil temperature is 44 to 47 degrees 
F. The solum is 2 to 9 inches thick and is medium acid 
to neutral. Some pedons have a 82 horizon. 

The A 11 horizon has value of 3 to 7 when dry and 2 
to 3 when moist, and it has chroma of 1 to 3. It is 0 to 
18 percent gravel and 0 to 8 percent cobbles and 
stones. The A 12 horizon has value of 2 or 3 when moist, 
and it has chroma of 2 or 3. It is 0 to 15 percent gravel. 

The C horizon has value of 5 to 7 when dry and 3 to 6 
when moist, and it has chroma of 2 to 4. It is sandy loam 
or loamy sand and is 20 to 30 percent gravel. 

Lithic Haploborolls, warm 

Lithic Haploborolls, warm, are shallow, well drained 
soils that formed in residuum derived from granite. These 
soils are in uneven mountainous areas. Slope is 40 to 80 
percent. Elevation is about 6,900 feet. The mean annual 
precipitation is about 16 to 20 inches, and the mean 
annual air temperature is about 44 degrees F. 

Reference pedon of Lithic Haploborolls, warm, in the 
NW114SW114 of sec. 5, T. 20 S., R. 15 W. 
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A 1-0 to 3 inches; dark grayish brown (1 OVA 4/2) stony 
sandy loam, very dark brown (1 OVA 2/2) moist; 
weak very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; common very fine and fine interstitial pores; 
about 15 percent stones and 1 0 percent cobbles; 
slightly acid (pH 6.2); clear smooth boundary. 

A3-3 to 10 inches; dark grayish brown (10VR 4/2) 
gravelly sandy loam, very dark grayish brown (1 OVA 
3/2) moist; weak fine granular structure; slightly 
hard, very friable, nonsticky and nonplastic; few very 
fine and fine roots and common medium roots; 
common very fine and fine interstitial pores; about 
20 percent gravel; slightly acid (pH 6.5); clear 
smooth boundary. 

82-10 to 15 inches; brown (1 OVA 5/3) very gravelly 
sandy clay loam, dark yellowish brown (1 OVA 4/ 4) 
moist; weak fine subangular blocky structure; slightly 
hard, very friable, nonsticky and nonplastic; few very 
fine and fine roots and common medium roots; few 
very fine and fine interstitial and tubular pores; about 
40 percent gravel; slightly acid (pH 6.3); gradual 
wavy boundary. 

R-15 inches; weathered granite. 

The mean annual soil temperature is 44 to 4 7 degrees 
F. The solum is 10 to 18 inches thick and is medium 
acid to neutral. Depth to bedrock is 1 0 to 18 inches. 

The A 1 horizon has value of 3 or 4 when dry and 2 or 
3 when moist. It is sandy loam or loam and is 5 to 15 
percent stones, 0 to 1 0 percent gravel, and 0 to 1 0 
percent cobbles. 

The 81 horizon, where present, has value of 3 or 4 
when dry and 2 or 3 when moist, and it has chroma of 2 
or 3. It is sandy loam or loam. The horizon is 10 to 25 
percent gravel and has few cobbles and stones. The 82 
horizon has value of 3 to 5 when dry and 3 or 4 when 
moist, and it has chroma of 3 or 4. It ranges from sandy 
loam to sandy clay loam and is 25 to 45 percent gravel. 

Lithic Haplustalfs, dry 

Lithic Haplustalfs, dry, are shallow, well drained soils 
that formed in material weathered from granite, rhyolite, 
and conglomerate. Thes~ soils are on mountainsides 
and !ow hills. Slope is 15 to 80 percent. Elevation is 
about 5,500 feet. The mean annual precipitation is about 
1 0 to 18 inches, and the mean annual air temperature is 
about 52 to 57 degrees F. 

Reference pedon of Lithic Haplustalfs, dry, in the 
SE1/4NW1/4 of sec. 10, T. 18 S., A. 16 W. 
A1-0 to 2 inches; dark yellowish brown (10VR 4/4) very 

gravelly sandy loam, dark brown (1 OVA 3/3) moist; 

Soil survey 

weak very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; common very fine and fine interstitial pores; 
about 30 percent gravel, 5 percent stones, and a 
few cobbles; strongly acid (pH 5.5); abrupt smooth 
boundary. 

81-2 to 9 inches; dark brown (7.5VR 4/4) very gravelly 
sandy loam, dark brown (7.5VR 4/4) moist; weak 
fine subangular blocky structure; slightly hard, 
friable, nonsticky and nonplastic; common very fine 
and fine roots; few very fine and fine tubular and 
interstitial pores; about 40 percent gravel and 5 
percent cobbles; slightly acid (pH 6.1 ); clear smooth 
boundary. 

82t-9 to 19 inches; dark yellowish brown (1 OVA 4/6) 
very gravelly sandy clay loam, dark yellowish brown 
(1 OVA 4/4) moist; moderate fine subangular blocky 
structure; slightly hard, friable, nonsticky and 
nonplastic; few very fine and fine roots; few very fine 
tubular and interstitial pores; few thin clay films on 
peds; about 40 percent gravel and 5 percent 
cobbles; neutral (pH 6.8); gradual wavy boundary. 

R-19 inches; weathered granite. 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 9 to 20 inches thick and is strongly acid 
to neutral. Depth to bedrock is 9 to 20 inches. 

The A1 horizon has hue of 7.5VR or 10VR, value of 4 
or 5 when dry and 3 or 4 when moist, and chroma of 2 
to 6. It is sandy loam or sandy clay loam and is 15 to 60 
percent gravel, few to 25 percent cobbles, and 0 to 1 0 
percent stones. 

The 81 horizon has value of 4 or 5 when dry, and it 
has chroma of 2 to 6. It ranges from sandy loam to clay 
loam and is 15 to 40 percent gravel, 5 to 20 percent 
cobbles, and 0 to 1 0 percent stones. The 82t horizon 
has hue of 5VR to 1 OVA, value of 4 or 5 when dry and 3 
to 4 when moist, and chroma of 3 to 6. It ranges from 
sandy clay loam to clay. The horizon is as much as 90 
percent rock fragments, including 10 to 60 percent 
gravel, 0 to 60 percent cobbles, and 0 to 20 percent 
stones. 

The thin C horizon, where present, is as much as 60 
percent gravel. 

Lithic Haplustalfs, loamy-skeletal, mixed, 
mesic, moist 

Lithic Haplustalfs, loamy-skeletal, mixed, mesic, moist, 
are shallow, well drained soils that formed in residuum 
derived from granite, rhyolite, and conglomerate. These 
soils are in smooth to uneven mountainous areas. Slope 
is 1 to 40 percent. Elevation is about 6,000 feet. The 
mean annual precipitation is about 14 to 18 inches, and 
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the mean annual air temperature is about 48 to 54 
degrees F. 

Reference pedon of Lithic Haplustalfs, loamy-skeletal, 
mixed, mesic, moist, in the SE1 /4NW1 /4 of sec. 33, T. 
18 S., R. 16 W. 

A 1-0 to 2 inches; dark yellowish brown (1 OYR 4/ 4) very 
gravelly sandy loam, very dark grayish brown (1 OYR 
3/2) moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; few very fine and 
fine roots; common very fine and fine interstitial · 
pores; 25 percent gravel and 1 0 percent stones; 
mildly alkaline (pH 7.8); abrupt smooth boundary. 

81-2 to 5 inches; dark brown (10YR 4/3) very cobbly 
sandy loam, very dark grayish brown (1 OYR 3/2) 
moist; weak fine subangular blocky structure; slightly 
hard, very friable, nonsticky and nonplastic; common 
very fine and fine roots; few very fine and fine 
interstitial and tubular pores; 20 percent gravel and 
15 percent cobbles; moderately alkaline (pH 7.9); 
clear smooth boundary. 

821t-5 to 10 inches; yellowish brown (1 OYR 5/6) very 
cobbly sandy clay loam, dark yellowish brown (1 OYR 
4/4) moist; moderate fine subangular blocky 
structure; hard, friable, nonsticky and nonplastic; 
common very fine, fine, medium, and coarse roots; 
few very fine and fine interstitial and tubular pores; 
few thin clay films in pores; 25 percent gravel and 
15 percent cobbles; mildly alkaline (pH 7.6); gradual 
wavy boundary. 

822t-1 0 to 18 inches; yellowish brown (1 OYR 5/ 4) very 
cobbly sandy clay loam, dark yellowish brown (1 OYR 
4/4) moist; weak fine subangular blocky structure; 
hard, friable, slightly sticky and slightly plastic; few 
very fine, fine, medium, and coarse roots; few very 
fine and fine tubular pores; common thin clay films 
on peds; 20 percent gravel and 15 percent cobbles; 
mildly alkaline (pH 7.5); gradual irregular boundary. 

R-18 inches; weathered granite. 

The mean annual soil temperature is 50 to 56 degrees 
F. The solum is 5 to 20 inches thick and is strongly acid 
to mildly alkaline. Depth to bedrock is 8 to 20 inches. 
The control section is more than 35 percent rock 
fragments. Some pedons have an A2, 83, or C horizon. 

The A 1 horizon has value of 3 to 5 when dry and 2 to 
4 when moist, and it has chroma of 2 to 6. It ranges 
from loamy sand to sandy clay loam and is 5 to 40 
percent gravel, 0 to 40 percent cobbles, and 0 to 1 0 
percent stones. The A2 horizon, where present, has 
chroma of 4 to 6. 

The 81 horizon has chroma of 2 or 3. It is more than 
35 percent gravel and cobbles. The 82t horizon has hue 
of 7.5YR or 10YR, value of 4 or 5 when dry and 3 to 5 
when moist, and chroma of 2 to 8. It ranges from sandy 
clay loam to clay loam and is 5 to 45 percent gravel, 0 
to 30 percent cobbles, and 0 to 5 percent stones. 
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The C horizon, where present, has chroma of 4 to 6. It 
is 30 to 35 percent gravel, 1 0 to 20 percent cobbles, and 
0 to 5 percent stones. 

Lithic Haplustolls, loamy-skeletal, mixed, 
mesic 

Lithic Haplustolls, loamy-skeletal, mixed, mesic, are 
shallow, well drained soils that formed in old alluvium 
and residuum derived from granite, rhyolite, and 
conglomerate. These soils are on alluvial plains and in 
uneven and smooth mountainous areas. Slope is 1 to 80 
percent. Elevation is about 5,900 feet. The mean annual 
precipitation is about 12 to 14 inches, and the mean 
annual air temperature is about 52 to 57 degrees F. 

Reference pedon of Lithic Haplustolls, loamy-skeletal, 
mixed, mesic, in the NE1 /4SW1 /4 of sec. 7, T. 21 S., R. 
16 w. 

A 1-0 to 2 inches; brown (1 OYR 5/3) very gravelly 
sandy loam, dark brown (1 OYR 3/3) moist; weak 
fine granular structure; soft, very friable, nonsticky 
and nonplastic; few very fine and fine roots; 
common very fine and fine interstitial pores; about 
40 percent gravel and few cobbles; slightly acid (pH 
6.2); abrupt smooth boundary. 

A3-2 to 8 inches; brown (1 OYR 5/3) very gravelly 
sandy loam, dark brown (1 OYR 3/3) moist; moderate 
fine granular structure; slightly hard, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; common very fine and fine interstitial pores; 
about 40 percent very fine gravel; slightly acid (pH 
6.3); clear smooth boundary. 

R-8 inches; highly weathered granite. 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 5 to 19 inches thick and is strongly acid 
to neutral. Depth to bedrock is 5 to 19 inches. 

The A 1 horizon has value of 4 or 5 when dry, and it 
has chroma of 2 to 4. It ranges from loamy sand to clay 
loam and is 5 to 40 percent gravel, 0 to 20 percent 
cobbles, and 0 to 25 percent stones. The A3 horizon, 
where present, has chroma of 2 or 3. It is 25 to 40 
percent gravel, 0 to 10 percent cobbles, and 0 to 10 
percent stones. 

The 82 and 83 horizons, where present, have hue of 
7.5YR or 10YR, value of 3 to 5 when dry and 2 to 4 
when moist, and chroma of 2 to 6. They range from 
sandy loam to clay loam and are 15 to 60 percent 
gravel, 0 to 20 percent cobbles, and 0 to 30 percent 
stones. 

The C horizon, where present, has chroma of 4 to 6. It 
is loamy sand or sandy loam and is 20 to 35 percent 
gravel, 0 to 30 percent cobbles, and 0 to 5 percent 
stones. 
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Lithic Haplustolls, loamy-skeletal, mixed, 
mesic, moist 

Lithic Haplustolls, loamy-skeletal, mixed, mesic, moist, 
are shallow, well drained soils that formed in residuum 
derived from granite, rhyolite, and conglomerate. These 
soils are in smooth to uneven mountainous areas. Slope 
is 15 to 40 percent. Elevation is about 6,200 feet. The 
mean annual precipitation is about 14 to 16 inches, and 
the mean annual air temperature is about 48 to 54 
degrees F. 

Reference pedon of Lithic Haplustolls, loamy-skeletal, 
mixed, mesic, moist, in the SE1 /4NE1 /4 of sec. 20, T. 
19.S., R. 15 W. 

A 1-0 to 2 inches; brown (1 OYR 5/3) very gravelly 
sandy loam, dark brown (1 OYR 3/3) moist; weak 
very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; few very fine interstitial pores; about 55 
percent gravel; medium acid (pH 6.0); abrupt smooth 
boundary. 

82-2 to 10 inches; brown (1 OYR p/3) very gravelly 
sandy loam, dark brown (1 OYR 3/3) moist; weak 
fine subangular blocky structure and weak medium 
granular structure; slightly hard, very friable, 
nonsticky and nonplastic; few very fine, fine, 
medium, and coarse roots; few very fine and fine 
interstitial pores; about 40 percent gravel; neutral 
(pH 6.6); abrupt wavy boundary. 

R-1 0 inches; granite. 

The mean annual soil temperature is 50 to 56 degrees 
F. Depth to bedrock is less than 20 inches. The solum is 
medium acid to neutral. The profile averages more than 
35 percent coarse fragments. 

The A horizon has value of 4 or 5 when dry. It is 25 to 
60 percent gravel and 0 to 50 percent cobbles and 
stones. 

The 82 horizon is 20 to 40 percent gravel. 

Lithic Ustorthents, loamy-skeletal, mixed, 
nonacid, mesic, moist 

Lithic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, moist, are shallow, well drained soils that formed 
in residuum and colluvium derived from granite, gneiss, 
and rhyolite. These soils are in uneven mountainous 
areas. Slope is 40 to 80 percent. Elevation is about 
5,300 feet. The mean annual precipitation is about 14 to 
18 inches, and the mean annual air temperature is about 
48 to 54 degrees F. 

Reference pedon of Lithic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic, moist, in the NE1 /4SW1 /4 of 
sec. 9, T. 20 S., R. 15 W. 

Soil survey 

A1-0 to 2 inches; yellowish brown (10YR 5/4) very 
stony sandy loam, dark brown (1 OYR 3/3) moist; 
weak very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; common very fine and fine interstitial pores; 
about 20 percent gravel, 20 percent cobbles, and 15 
percent stones; medium acid (pH 6.0); abrupt 
smooth boundary. 

A3-2 to 10 inches; yellowish brown (10YR 5/4) very 
gravelly sandy loam, dark brown (1 OYR 4/3) moist; 
moderate fine granular structure; slightly hard, 
friable, nonsticky and nonplastic; few very fine, fine, 
and medium roots; few very fine and fine interstitial 
pores; about 40 percent gravel and 1 0 percent 
cobbles; medium acid (pH 6.0); gradual irregular 
boundary. 

R-1 0 inches; highly weathered granite. 

The mean annual soil temperature is 50 to 56 degrees 
F. The solum is 5 to 13 inches thick and is strongly acid 
to mildly alkaline. It averages more than 35 percent rock 
fragments. Depth to bedrock is less than 16 inches. 

The A 1 horizon has value of 4 to 6 when dry and 3 or 
4 when moist, and it has chroma of 2 to 6. It is loamy 
sand, sandy loam, or sandy clay loam and is 1 0 to 45 
percent gravel and 5 to 20 percent cobbles and stones. 
The A3 horizon has value of 3 to 6 when dry and 3 or 4 
when moist, and it has chroma of 2 to 6. It is sandy loam 
or clay loam and is 20 to 40 percent gravel and 0 to 50 
percent cobbles and stones. 

The C horizon, where present, has hue of 7.5YR to 
1 OYR, value of 5 or 6 when dry and 3 to 5 when moist, 
and chroma of 3 to 6. It is sandy loam, sandy clay loam, 
or loamy sand and is 30 to 70 percent gravel and 0 to 
20 percent cobbles and stones. 

Lithic Ustorthents, moist 

Lithic Ustorthents, moist, are shallow, well drained 
soils that formed in residuum derived from rhyolite, 
granite, and conglomerate. These soils are in uneven 
mountainous areas. Slope is 1 to 80 percent. Elevation is 
about 5,200 feet. The mean annual precipitation is about 
1 0 to 18 inches, and the mean annual air temperature is 
about 52 to 57 degrees F. 

Reference pedon of Lithic Ustorthents, moist, in the 
SW1/4SW1/4 of sec. 7, T. 17 S., R. 17 W. 

A 11-0 to 3 inches; pale brown (1 OYR 6/3) very stony 
sandy loam, dark brown (1 OYR 4/3) moist; weak 
very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; many fine interstitial pores; about 30 percent 
gravel, 1 0 percent cobbles, and 15 percent stones; 
slightly acid (pH 6.1 ); clear smooth boundary. 
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A12-3 to 10 inches; yellowish brown (10YR 5/4) very 
cobbly sandy loam, dark brown (1 OYR 4/3) moist; 
weak very fine granular structure; soft, very friable, 
nonsticky and nonplastic; common very fine and fine 
roots; many fine interstitial pores: about 20 percent 
gravel and 20 percent cobbles; slightly acid (pH 6.2); 
clear wavy boundary. 

C-10 to 17 inches: light yellowish brown (10YR 6/4) 
cobbly sandy loam, yellowish brown (10YR 5/4) 
moist; massive; slightly hard, very friable, ponsticky 
and nonplastic; few fine roots; few fine interstitial 
pores; about 20 percent cobbles; medium acid (pH 
5.9); clear wavy boundary. 

R-17 inches; fractured rhyolite. 

The mean annual soil temperature is 50 to 56 degrees 
F. The solum is 2 to 10 inches thick and is strongly acid 
to neutral. Depth to bedrock is 4 to 19 inches. 

The A 1 horizon has value of 4 to 7 when dry and 3 to 
5 when moist, and it has chroma of 2 to 4. It ranges 
from sandy loam to sandy clay loam or loam and is 15 to 
50 percent gravel, 0 to 20 percent cobbles, and 0 to 15 
percent stones. 

The C horizon, where present, has value of 4 to 8 
when dry and 3 to 6 when moist, and it has chroma of 2 
to 6. It is 20 to 50 percent gravel, o to 20 percent 
cobbles, and 0 to 1 0 percent stones. 

Typic Haplustalfs, fine, mixed, mesic 

Typic Haplustalfs, fine, mixed, mesic, are moderately 
deep and deep, well drained soils that formed in old 
alluvium and residuum derived from granite, rhyolite, and 
conglomerate. These soils are on alluvial plains and in 
uneven and smooth mountainous areas. Slope is 1 to 80 
percent. Elevation is about 5,900 feet. The mean annual 
precipitation is about 12 to 14 inches, and the mean 
annual air temperature is about 52 to 57 degrees F. 

Reference pedon of Typic Haplustalfs, fine, mixed, 
mesic, in the SW1/4SE1/4 of sec. 31, T. 20 S., R. 16 w. 

A1-0 to 3 inches; brown (7.5YR 4/2) very gravelly clay 
loam, dark brown (7.5YR 3/4) moist; weak fine 
granular structure; slightly hard, very friable, sticky 
and plastic; common very fine roots; common very 
fine and fine interstitial pores; about 30 percent 
gravel, 1 0 percent cobbles, and a few stones; 
slightly acid (pH 6.5); abrupt smooth boundary. 

B21t-3 to 8 inches; reddish brown (5YR 4/4) gravelly 
clay, dark reddish brown (5YR 3/4) moist; moderate 
fine subangular blocky structure; hard, friable, sticky 
and plastic; common very fine and fine roots and 
few medium roots; few very fine and fine interstitial 
and tubular pores; few thin clay films on peds; about 
25 percent gravel; slightly acid (pH 6.2); clear 
smooth boundary. 
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B22t-8 to 17 inches; yellowish red (5YR 5/6) gravelly 
sandy clay, yellowish red (5YR 4/6) moist; weak fine 
subangular blocky structure; hard, friable, sticky and 
plastic; few very fine, fine, and medium roots; few 
very fine and fine interstitial and tubular pores; 
common thin clay films on peds; about 25 percent 
gravel; medium acid (pH 5.7); gradual wavy 
boundary. 

C-17 to 26 inches; brown (7.5YR 5/4) very gravelly 
sandy loam, strong brown (7.5YR 4/6) moist; 
massive; hard, friable, nonsticky and nonplastic; few 
very fine and fine roots; few very fine and fine 
interstitial and tubular pores; .about 50 percent 
gravel; medium acid (pH 5.8); diffuse wavy 
boundary. 

R-26 inches; granite. 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 17 to 39 inches thick and is strongly acid 
to mildly alkaline. Depth to bedrock is 20 to 60 inches or 
more. 

The A horizon has hue of 7.5YR or 1 OVA, value of 4 
to 6 when dry and 3 or 4 when moist, and chroma of 2 
to 6. It ranges from sandy loam to clay loam and is 5 to 
30 percent gravel and o to 25 percent cobbles and 
stones. 

The B 1 horizon, where present, has chroma of 3 or 4. 
The Bt horizon has hue of 5YR to 1 OYR, value of 4 or 5 
when dry and 3 to 5 when moist, and chroma of 3 to 6. 
It ranges from sandy clay to clay and is 5 to 25 percent 
gravel. The 83 horizon, where present, has value of 4 or 
5 when dry. 

The C horizon has hue of 5YR or 7.5YR. It is sandy 
loam or sandy clay loam and is 5 to 50 percent gravel. 

Typic Ustipsamments, mixed, mesic 

Typic Ustipsamments, mixed, mesic, are deep, well 
drained soils that formed in alluvium derived from 
granite, rhyolite, and conglomerate. These soils are on 
alluvial fans and flood plains. Slope is .1 to 1 o percent. 
Elevation is about 5,500 feet. The mean annual 
precipitation is about 1 0 to 14 inches, and the mean 
annual air temperature is about 52 to 57 degrees F. 

Reference pedon of Typic Ustipsamments, mixed, 
mesic, in the NW1/4SE1/4 of sec. 36, T. 21 S., R. 17 W. 

A 11-0 to 2 inches; brown (1 OYR 5/3) gravelly loamy 
sand, dark brown {1 OYR 3/3) moist; weak fine platy 
structure parting to weak fine granular; soft, very 
friable, nonsticky and nonplastic; few very fine roots; 
few very fine interstitial pores; about 30 percent 
gravel; slightly acid (pH 6.4); clear smooth boundary. 
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A 12-2 to 8 inches; yellowish brown (1 OYR 5/4) gravelly 
loamy sand, dark yellowish brown (10YR 3/4) moist; 
moderate fine granular structure; slightly hard, very 
friable, nonsticky and nonplastic; few very fine and 
fine roots; few very fine and fine interstitial pores; 
about 30 percent gravel; neutral (pH 6.6); clear wavy 
boundary. 

C1-8 to 16 inches; yellowish brown (10YR 5/4) gravelly 
sand, dark yellowish brown (10YR 3/4) moist; 
massive; slightly hard, very friable, nonsticky an~d 
nonplastic; few very fine and fine roots; few very fine 
and fine interstitial pores; about 30 percent gravel; 
neutral (pH 6.8); clear wavy boundary. 

C2-16 to 21 inches; yellowish brown (10YR 5/4) 
gravelly loamy sand, dark yellowish brown (1 OYR 
4/4) moist; massive; slightly hard, very friable, 
nonsticky and nonplastic; few very fine and fine 
roots; few very fine interstitial pores; about 30 
percent gravel; neutral (pH 6.6); clear wavy 
boundary. 

C3-21 to 39 inches; yellowish brown (10YR 5/4) 
gravelly loamy sand, dark yellowish brown (1 OYR 
4/4) moist; massive; slightly hard, very friable, 
nonsticky and nonplastic; few very fine roots; few 
very fine interstitial pores; about 30 percent gravel; 
neutral (pH 7.0); gradual wavy boundary. 

C4-39 to 52 inches; yellowish brown (10YR 5/4) 
extremely gravelly sand, dark yellowish brown (1 OYR 
4/4) moist; massive; loose, nonsticky and 
nonplastic; few very fine roots; few very fine 
interstitial pores; about 70 percent gravel; neutral 
(pH 7.0); gradual wavy boundary. 

C5-52 to 60 inches; yellowish brown (10YR 5/4) 
extremely gravelly sand, dark yellowish brown (1 OYR 
4/4) moist; massive; soft, very friable, nonsticky and 
nonplastic; few very fine roots; few very fine 
interstitial pores; about 60 percent gravel; neutral 
(pH 6.9). 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 2 to 30 inches thick and is slightly acid 
to moderately alkaline. Depth to bedrock is more than 60 
inches. 

The A horizon has value of 4 to 6 when dry and 3 or 4 
when moist, and it has chroma of 3 or 4. It ranges from 
sand to sandy loam and is 5 to 30 percent gravel and 0 
to 5 percent cobbles. · 

The C1 horizon has value of 5 or 6 when dry and 3 or 
4 when moist. It ranges .from sand to loamy fine sand 
and is 5 to 30 percent gravel and 0 to 5 percent 
cobbles. The C2 horizon has value of 4 to 6 when dry 
and 3 or 4 when moist, and it has chroma of 3 to 6. It 
ranges from coarse sand to loamy sand and is 5 to 30 
percent gravel and 0 to 5 percent cobbles. The C3 
horizon, where present, has value of 3 or 4 when moist, 
and it has chroma of 3 or 4. It ranges from loamy sand 
to clay loam and is 0 to 30 percent gravel. The C4 and 
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C5 horizons, where present, have value of 5 or 6 when 
dry. They are 50 to 70 percent gravel. 

The IIC1 horizon, where present, has chroma of 2 or 
3. It is 15 to 30 percent gravel. 

Typic Ustorthents 
Typic Ustorthents are moderately deep and deep, well 

drained soils that formed in material weathered from 
granite, rhyolite, and conglomerate. These soils are in 
uneven mountainous areas. Slope is 40 to 80 percent. 
Elevation is about 5,400 feet. The mean annual 
precipitation is about 1 0 .to 14 inches, and the mean 
annual air temperature is about 52 to 57 degrees F. 

Reference pedon of Typic Ustorthents in sec. 24, T. 
18 S., R. 16 W. 

A 1-0 to 4 inches; light yellowish brown (1 OYR 6/4) very 
gravelly sandy loam, dark yellowish brown (1 OYR 
4/4) moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; few very fine roots; 
few very fine interstitial pores; about 40 percent 
gravel; noneffervescent; moderately alkaline (pH 
7.9); clear smooth boundary. 

C1-4 to 19 inches; very pale brown (1 OYR 7/3) very 
cobbly sandy loam, yellowish brown (10YR 5/4) 
moist; massive; slightly hard, very friable, nonsticky 
and nonplastic; few very fine, fine, and medium 
roots; few very fine interstitial pores; about 15 
percent gravel and 20 percent cobbles; common 
large irregular masses of disseminated lime; violently 
effervescent; moderately alkaline (pH 8.0); clear 
smooth boundary. 

C2-19 to 32 inches; light brown (7.5YR 6/4) very 
cobbly sandy loam, brown (7.5YR 5/4) moist; 
massive; hard, very friable, nonsticky and nonplastic; 
few very fine, fine, and medium roots; few very fine 
interstitial pores; about 20 percent gravel and 15 
percent cobbles; common fine irregular soft masses 
of lime; strongly effervescent; moderately alkaline 
(pH 7.9); clear wavy boundary. 

R-32 inches; bedrock. 

The mean annual soil temperature is 54 to 59 degrees 
F The solum is 4 to 32 inches thick and is strongly acid 
to moderately alkaline. Depth to bedrock is 20 to 60 
inches or more. 

The A 1 horizon has value of 3 to 6 when dry and 3 or 
4 when moist, and it has chroma of 2 to 6. It ranges 
from sandy loam to loam and is 5 to 65 percent gravel, 0 
to 15 percent cobbles, and 0 to 1 0 percent stones. The 
A3 horizon, where present, is as much as 40 percent 
gravel and 1 0 percent cobbles. 

The C horizon has hue of 7.5YR or 1 OYR, value of 5 
to 7 when dry and 3 to 5 when moist, and chroma of 3 
to 6. It ranges from coarse loamy sand to sandy loam 
and is 15 to 70 percent gravel and 0 to 25 percent 
cobbles. 
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Typic Ustorthents, loamy-skeletal, mixed, 
nonacid, mesic 

Typic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, are moderately deep and deep, well drained soils 
that formed in residuum and colluvium derived from 
granite, gneiss, rhyolite, and conglomerate. These soils 
are in smooth to uneven mountainous areas. Slope is 15 
to 40 percent. Elevation is about 5,600 feet. The mean 
annual precipitation is 1 0 to 14 inches, and the mean 
annual air temperature is 52 to 57 degrees F 

Reference pedon of Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic, in the NE1/4SE1/4 of sec. 24, T. 
18 S., R. 16 W. 

A11-0 to 2 inches; brown (10YR 5/3) very gravelly 
sandy loam, dark brown (1 OYR 3/3) moist; weak 
very fine granular structure; soft, very friable, 
nonsticky and nonplastic; few fine roots; common 
fine interstitial pores; 55 percent gravel; violently 
effervescent; mildly alkaline (pH 7.8); clear smooth 
boundary. 

A12-2 to 7 inches; brown (10YR 5/3) gravelly sandy 
loam, dark brown (10YR 4/3) moist; weak very fine 
and fine granular structure; soft, very friable, 
nonsticky and nonplastic; common very fine and fine 
interstitial pores; 20 percent gravel; violently 
effervescent; moderately alkaline (pH 7.9); clear 
smooth boundary. 

C1ca-7 to 28 inches; pale brown (10YR 6/3) very 
gravelly sandy loam, yellowish brown (10YR 5/4) 
moist; massive; slightly hard, very friable, nonsticky 
and nonplastic; few very fine roots; few very fine 
interstitial pores; 30 percent gravel and 5 percent 
cobbles; common medium irregular soft masses of 
lime; violently effervescent; mildly alkaline (pH 7.9); 
diffuse wavy boundary. 

C2ca-28 to 50 inches; very pale brown (10YR 7/3) very 
gravelly sandy loam, yellowish brown (10YR 5/6) 
moist; massive; slightly hard, very friable, nonsticky 
and nonplastic; few very fine roots; few fine 
interstitial pores; 30 percent gravel and 5 percent 
cobbles; many large irregular soft masses of lime; 
violently effervescent; moderately alkaline (pH 7.9); 
clear smooth boundary. 

C3ca-50 to 60 inches; light yellowish brown (10YR 6/4) 
gravelly loamy sand, yellowish brown (10YR 5/4) 
moist; massive; soft, very friable, nonsticky and 
nonplastic; few very fine roots; few very fine and fine 
interstitial pores; 30 percent gravel; violently 
effervescent; moderately alkaline (pH 7.9). 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 4 to 11 inches thick and is slightly acid 
to moderately alkaline. Depth to bedrock is 20 to 60 
inches or more. The profile averages more than 35 
percent rock fragments. 
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The A horizon has hue of 7.5YR or 10YR, value of 4 
to 6 when dry, and chroma of 2 to 4. It ranges from 
sandy loam to sandy clay loam and is 25 to 60 percent 
gravel, 0 to 10 percent cobbles, and 0 to 5 percent 
stones. 

The 82 horizon, where present, has hue of 5YR to 
1 OYR, and it has value of 4 or 5 when dry or moist. It 
ranges from sandy loam to sandy clay loam and is 25 to 
30 percent gravel and 0 to 5 percent cobbles. 

The C horizon has hue of 5YR to 1 OYR, value of 4 to 
7 when dry and 4 or 5 when moist, and chroma of 4 to 
6. It ranges from loamy sand to sandy loam and is 15 to 
60 percent gravel and 0 to 25 percent cobbles. 

Typic Ustorthents, loamy-skeletal, mixed, 
nonacid, mesic, moist 

Typic Ustorthents, loamy-skeletal, mixed, nonacid, 
mesic, moist, are moderately deep and deep, well 
drained soils that formed in residuum and colluvium 
derived from granite, gneiss, and rhyolite. These soils 
are in uneven mountainous areas. Slope is 40 to 80 
percent. Elevation is about 5,300 feet. The mean annual 
precipitation is 14 to 16 inches, and the mean annual air 
temperature is 48 to 54 degrees F. 

Reference pedon of Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic, moist, in the SW1/4NW1/4 of 
sec. 12, T. 18 S., R. 17 W. 

A11-0 to 2 inches; yellowish brown (10YR 5/4) very 
cobbly sandy loam, dark brown (1 OYR 3/3) moist; 
weak very fine granular structure; soft, very friable, 
nonsticky and nonplastic; common very fine roots; 
about 25 percent gravel, 15 percent cobbles, and 5 
percent stones; slightly acid (pH 6.1 ); abrupt smooth 
boundary. 

A12-2 to 8 inches; yellowish brown (10YR 5/4) very 
cobbly sandy loam, dark yellowish brown (1 OYR 
3/4) moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; common very fine 
and fine roots; about 20 percent gravel and 20 
percent cobbles; slightly acid (pH 6.2); gradual 
smooth boundary. 

A13-8 to 27 inches; light brown (7.5YR 6/4) extremely 
cobbly sandy loam, brown (7.5YR 5/4) moist; 
moderate fine and medium granular structure; 
slightly hard, very friable, nonsticky and nonplastic; 
few fine and medium roots; about 20 percent gravel 
and 40 percent cobbles; medium acid (pH 5.8); 
gradual smooth boundary. 

C-27 to 60 inches; very pale brown (1 OYR 7/4) 
extremely stony fine loamy sand, yellowish brown 
(10YR 5/4) moist; massive; soft, very friable, 
nonsticky and nonplastic; few very fine, fine, and 
medium roots; about 20 percent gravel, 20 percent 
cobbles, and 20 percent stones; strongly acid (pH 
5.4). 
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The mean annual soil temperature is 50 to 56 degrees 
F. The solum is 4 to 44 inches thick and is medium acid 
to moderately alkaline. Depth to bedrock is 22 to 60 
inches or more. 

The A 11 horizon has hue of 7.5YR or 1 OYR, value of 3 
to 5 when moist, and chroma of 3 to 8. It ranges from 
sandy loam to sandy clay loam and is 25 to 55 percent 
gravel and 5 to 15 percent cobbles and stones. The A 12 
horizon has hue of 7.5YR or 10YR, value of 3 or 4 when 
moist, and chroma of 3 to 6. It is 20 to 50 percent gravel 
and 5 to 30 percent cobbles and stones. The A 13 
horizon has hue of 7.5YR or 10YR, and it has value of 5 
or 6 when dry and 4 or 5 when moist. It is 20 to 60 
percent gravel and 1 0 to 40 percent cobbles. 

The C1 horizon has value of 4 to 7 when dry and 4 or 
5 when moist, and it has chroma of 3 to 6. It ranges 
from fine sandy loam to sandy clay loam and is 20 to 60 
percent gravel and 0 to 20 percent cobbles and stones. 
The C2 horizon, where present, has chroma of 3 to 6. It 
is 0 to 20 percent gravel and 0 to 5 percent cobbles. 

Udlc Ustochrepts, coarse-loamy, mixed, 
mesic 

Udic Ustochrepts, coarse-loamy, mixed, mesic, are 
moderately deep and deep, well drained soils that 
formed in residuum and alluvium derived from granite. 
These soils are on low hills and alluvial plains. Slope is 1 
to 15 percent. Elevation is about 6,000 feet. The mean 
annual precipitation is 14 to 18 inches, and the mean 
annual air temperature is 48 to 54 degrees F. 

Reference pedon of Udic Ustochrepts, coarse-loamy, 
mixed, mesic, in the SW1 I 4NE1 I 4 of sec. 4, T. 20 S., A. 
15 w. 

A 11-0 to 5 inches; brown (1 OYR 513) sandy loam, dark 
brown (1 OYR 313) moist; weak fine granular 
structure; soft, very friable, nonsticky and nonplastic; 
common fine roots; few fine interstitial pores; about 
5 percent gravel; neutral (pH 6.6); clear smooth 
boundary. 

A 12-5 to 9 inches; pale brown (1 OYR 613) sandy loam, 
dark yellowish brown (10YR 314) moist; weak fine 
granular structure; soft, very friable, nonsticky and 
nonplastic; common fine roots; few fine interstitial 
pores; about 5 percent gravel; neutral (pH 6.8); clear 
smooth boundary. 

82-9 to 20 inches; light yellowish brown (10YR 614) 
sandy loam, dark yellowish brown (1 OYR 41 4) moist; 
weak fine and medium subangular blocky structure; 
slightly hard, friable, nonsticky and nonplastic; 
common fine and medium roots; few fine interstitial 
pores; about 5 percent gravel; medium acid (pH 5.9); 
abrupt smooth boundary. 

Soil survey 

C1-20 to 40 inches; light yellowish brown (10YR 614) 
sandy loam, dark yellowish brown (10YR 414) moist; 
massive; hard, firm, nonsticky and nonplastic; few 
fine and medium roots; few fine interstitial and 
tubular pores; about 1 0 percent gravel; neutral (pH 
6. 7); gradual wavy boundary. 

C2-40 to 60 inches; light yellowish brown (1 OYR 614) 
sandy loam, dark yellowish brown (10YR 414) moist; 
massive; slightly hard, friable, nonsticky and 
nonplastic; few fine and medium roots; few fine 
interstitial and tubular pores; about 1 0 percent 
gravel; neutral (pH 6.7). 

The mean annual soil temperature is 50 to 56 degrees 
F. The solum is 10 to 48 inches thick and is medium 
acid to neutral. Depth to bedrock is 20 to 60 inches or 
more. Some pedons have an A3 or C3 horizon. 

The A horizon has value of 5 or 6 when dry and 3 or 4 
when moist, and it has chroma of 3 or 4. It ranges from 
sand to sandy loam and is 0 to 5 percent gravel. 

The 82 horizon has value of 5 or 6 when dry and 3 or 
4 when moist, and it has chroma of 3 or 4. It is sandy 
loam or sandy clay loam and is 0 to 1 0 percent gravel. 

The C1 horizon has value of 4 to 6 when dry and 3 to 
5 when moist, and it has chroma of 3 to 8. It is 0 to 30 
percent gravel. The C2 horizon has value of 4 or 5 when 
moist. It is 5 to 1 0 percent gravel. 

Ustorthents 

Ustorthents are shallow to deep, well drained soils that 
formed in material weathered from conglomerate, 
granite, and rhyolite. These soils are on low hillsides, 
mountainsides, and canyonsides. Slope is 12 to 80 
percent. Elevation is about 5,500 feet. The mean annual 
precipitation is 12 to 14 inches, and the mean annual air 
temperature is 52 to 57 degrees F. 

Reference pedon of Ustorthents in the SW1 14NW1 14 
of sec. 11, T. 17 S., A. 1"7 W. 

A11-0 to 2 inches; yellowish brown (10YR 514) 
extremely gravelly sandy loam, dark brown (1 OYR 
413) moist; weak fine granular structure; soft, very 
friable, nonsticky and nonplastic; few very fine roots; 
few fine interstitial pores; about 65 percent gravel 
and a few cobbles; medium acid (pH 5.6); abrupt 
smooth boundary. 

A12-2 to 7 inches; yellowish brown (10YR 514) 
extremely gravelly sandy loam, dark brown (1 OYR 
413) moist; weak very fine and fine granular 
structure; slightly hard, very friable, nonsticky and 
nonplastic; few fine and common very fine roots; 
few fine interstitial pores; about 70 percent gravel; 
slightly acid (pH 6.5); clear smooth boundary. 
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C-7 to 12 inches; very pale brown (1 OYR 7 /3) 
extremely gravelly sandy loam, yellowish brown 
(1 OYR 5/ 4) moist; massive; slightly hard, very 
friable, nonsticky and nonplastic; few very fine, fine, 
and medium roots; few fine interstitial and tubular 
pores; about 80 percent gravel; slightly acid (pH 
6.4); clear wavy boundary. 

R-12 inches; conglomerate. 

The mean annual soil temperature is 54 to 59 degrees 
F. The solum is 7 to 9 inches thick and is strongly acid 
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to mildly alkaline. Depth to bedrock is 5 to 60 inches or 
more. 

The A horizon has value of 4 to 6 when dry and 3 to 5 
when moist, and it has chroma of 2 to 4. It is 20 to 70 
percent gravel, 0 to 40 percent cobbles, and 0 to 15 
percent stones. 

The C horizon, where present, has value of 4 to 7 
when dry and 4 to 6 when moist, and it has chroma of 3 
to 6. It is 25 to 80 percent gravel and 0 to 5 percent 
cobbles. 





Tables 
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I 

Map : 
symbol\ 

I 
I 
I 

TABLE 1.--ACREAGE AND PROPORTIONATE EXTENT OF THE SOILS 

Soil name 

74 \Aridic Haplustalfs, fine, mixed, mesic-Typic Ustorthents, loamy-skeletal, mixed, 

Acres 

Soil survey 

I 

\Percent 

: nonacid, mesic association, 15 to 40 percent slopes------------------------------- 5,726 3.4 
75 \Aridic Haplustalfs-Typic Ustorthents association, 40 to 80 percent slopes---------- 2,378 1.4 
76 \Cumulic Haplustolls-Aridic Haplustalfs complex, 1 to 15 percent slopes------------- 1,179 0.7 
77 \Lithic Haploborolls, loamy, mixed, warm, 1 to 15 percent slopes-------------------- 573 0.3 
78 \Lithic Haploborolls, loamy, mixed, warm, 15 to 40 percent slopes------------------- 2,097 1.3 
79 \Lithic Haploborolls, warm, 40 to 80 percent slopes--------------------------------- 1,731 1.0 
80 \Lithic Haplustalfs, dry-Aridic Haplustalfs complex, 15 to 40 percent slopes-------- 2,896 1.7 
81 Lithic Haplustalfs, dry-Aridic Haplustalfs complex, 40 to 80 percent slopes-------- 20,938 12.5 
82 Lithic Haplustalfs, dry-Lithic Ustorthents, moist association, 40 to 80 percent 

slopes---------------------------------------------------------------------------- 16,142 9,7 
83 Lithic Haplustalfs, loamy-skeletal, mixed, mesic-Lithic Haplustolls, loamy-

skeletal, mixed, mesic complex, moist, 15 to 40 percent slopes-------------------- 34,318 20.6 
84 Lithic Haplustolls, loamy skeletal, mixed, mesic-Typic Haplustalfs, fine, mixed, 

mesic complex, 40 to 80 percent slopes-------------------------------------------- 17,649 10.6 
85 Lithic Ustorthents, loamy-skeletal, mixed, nonacid, mesic-Typic Ustorthents, 

loamy-skeletal, mixed, nonacid, mesic complex, moist, 40 to 80 percent slopes----- 9,136 5.5 
86 Rock outcrop-Ustorthents-Haplustolls complex, 25 to 100 percent slopes------------- 1,384 0.8 
87 Typic Haplustalfs, fine, mixed, mesic-Lithic Haplustolls, loamy-skeletal, mixed, 

mesic complex, 1 to 15 percent slopes--------------------------------------------- 12,643 7.6 
88 \Typic Haplustalfs, fine, mixed, mesic-Lithic Haplustolls, loamy-skeletal, mixed, 

l mesic complex, 15 to 40 percent slopes-------------------------------------------- 28,190 16.9 
89 \Typic Ustipsamments, mixed, mesic-Cumulic Haplustolls, coarse-loamy, mixed, mesic 

l complex, 1 to 10 percent slopes--------------------------------------------------- 1 4,932 3.0 
90 \Udic Ustochrepts, coarse-loamy, mixed, mesic-Lithic Haplustalfs, loamy-skeletal, \ 

l mixed, mesic, moist complex, 1 to 15 percent slopes-------------------------------1 4,988 3.0 
: \-----------1-------

Total-------------------------------------------------------------------------: 166,900 : 100.0 
I 
I 
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TABLE 2.--RANGELAND PRODUCTIVITY AND POTENTIAL NATURAL VEGETATION 

[Only the soils that support rangeland vegetation suitable for grazing are listed] 

74*: 

Soil name and 
map symbol 

Aridic Haplustalfs, fine, mixed, 
mesic----------------------------

Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic. 

I 

75*: : 
Aridic Haplustalfs----------------1 

Typic Ustorthents. 

76*: 
Cumulic Haplustolls--------------

Aridic Haplustalfs----------------

' I 

I 

80*: : 
Lithic Haplustalfs, dry-----------1 

Aridic Haplustalfs----------------

See footnote at end of table. 

Average annual 
Forage i 

(air-dry) : 
Lb/acre/year 

600 

350 

1 '000 

600 

250 

600 

production 
Herbage 

(iJir-dry) 
Lb/acre/year 

600 

400 

1 '000 

600 

300 

600 

I 

:compo
Potential natural vegetation isition 

I Pet ,-
1 
I 
I 
I 
I 

IBlue grama-------------------- 20 
ISideoats grama---------------- 20 
IBlack grama-------------------1 20 
: Sacahuista--------------------: 15 
IGalleta-----------------------1 10 
IMuhly-------------------------1 10 
Acacia------------------------1 5 

Blue grama-------------------- 20 
Sideoats grama---------------- 20 
Black grama------------------- 20 
Sacahuista-------------------- 15 
Galleta----------------------- 10 
Muhly------------------------- 10 
Acacia------------------------ 5 

Blue grama-------------------- 30 
Sacahuista-------------------- 15 
Mesquite---------------------- 10 
Sideoats grama---------------- 10 
Black grama------------------- 10 
Soaptree yucca---------------- 5 
Mormon-tea-------------------- 5 

:oatil yucca-------------------, 5 
ITurpentinebush----------------1 5 
:sand dropseed-----------------1 5 
I I 
I I 

IBlue grama--------------------1 20 
ISideoats grama----------------1 20 
IBlack grama-------------------1 20 
Sacahuista--------------------1 15 
Galleta-----------------------1 10 
Muhly-------------------------: 10 
Acacia------------------------1 5 

I 
I 

Blue grama--------------------1 25 
Sideoats grama----------------1 20 
Black grama------------------- 20 
Sacahuista-------------------- 15 
Galleta----------------------- 10 
Pricklypear------------------- 5 
Sotol------------------------- 5 

Blue grama-------------------- 20 
Sideoats grama---------------- 20 

IBlack grama------------------- 20 
:sacahuista-------------------- 15 
IGalleta----------------------- 10 
IMuhly------------------------- 10 
IAcacia------------------------, 5 

I 
I 
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TABLE 2.--RANGELAND PRODUCTIVITY AND POTENTIAL NATURAL VEGETATION--Continued 

81•: 

Soil name and 
map symbol 

I 
I 
I 
I 
I 
I 

Lithic Haplustalfs, dry-----------1 

Aridic Haplustalfs-----------------

82 1 : 

Lithic Haplustalfs, dry-----------

Lithic Ustorthents, moist. 

I 
I 

Average annual 
Forage ! 

(air-dry) I 
Lb/acre/year ! 

300 

400 

200 

I 
I 
I 
I 

production 
Herbage 

(air-dry) 
Lb/acre/year 

300 

400 

200 

Potential natural vegetation 

Blue grama--------------------
Sideoats grama---------------
Black grama------------------
Sacahuista--------------------
Galleta-----------------------

Compo
sition 

25 
20 
20 
15 
10 

IPricklypear------------------- 5 
5 Sotol-------------------------

Blue grama-------------------- 20 
Sideoats grama---------------- 1 20 
Black grama-------------------1 20 
Sacahuista--------------------1 15 
Gallet a----------------------- I 10 
Muhl y------------------------- I 10 

1Acacia------------------------l 5 
I 
I 
I 
I I 

IBlue grama--------------------1 25 
ISideoats grama----------------1 20 
IBlack grama-------------------1 20 
I Sacahuista-------------------- I 15 
I Galleta----------------------- I 10 
IPricklypear-------------------1 5 
ISotol-------------------------1 5 
I 
I 
I 
I 
I 
I 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 3.--WOODLAND PRODUCTIVITY 

[Only the soils suitable for production of trees are listed. Absence of an entry indicates that information 
was not available] 

Potential product1vity 

' ' Soil name and map symbol Common trees ISite indexl 

74*: 
Aridic Haplustalfs, fine, mixed, 

mesic. 
' ' Typic Ustorthents, loamy-skeletal, I 

mixed, nonacid, mesic-------------IAlligator juniper-------------------1 
IGray oak----------------------------1 
: t 

75*: 
Aridic Haplustalfs. 

Typic Ustorthents------------------ Oneseed juniper---------------------
Gray oak----------------------------
Alligator juniper-------------------

77*, 78*---------------------------- Ponderosa pine----------------------
Lithic Haploborolls, loamy, mixed, Alligator juniper------------------

warm 
' ' 79*--------------------------------- Ponderosa pine----------------------

Lithic Haploborolls, warm Alligator juniper-------------------1 
' ' I 82*: 

Lithic Haplustalfs, dry. ' I 
I 
I 

' ' Lithic Ustorthents, moist----------IPinyon------------------------------1 
!Alligator juniper-------------------1 
IGray oak----------------------------1 
' ' 83*: : 

Lithic Haplustalfs, loamy-skeletal,! , 
mixed, mesic, moist---------------IPinyon------------------------------1 

!Alligator juniper-------------------1 
IGray oak----------------------------1 
I I 

' ' Lithic Haplustolls, loamy-skeletal,! I 
mixed, mesic, moist---------------IPinyon------------------------------1 

!Alligator juniper-------------------1 

84 *: 

IGray oak----------------------------1 
I 
I 
I 

' Lithic Haplustolls, loamy-skeletal,! 
mixed, mesic----------------------IAlligator juniper-------------------1 

IGray oak----------------------------1 
I I 
I I 

Typic Haplustalfs, fine, mixed, I I 
mesic-----------------------------IAlligator juniper-------------------1 

IGray oak----------------------------1 
I 

' 85*: : 
Lithic Ustorthents, loamy-skeletal,l 
mixed, nonacid, mesic, moist------ Pinyon-----------------------------

Alligator juniper-------------------

Typic Ustorthents, loamy-skeletal, 
mixed, nonacid, mesic, moist------ Pinyon-----------------------------

IAlligator juniper-------------------

86*: 
Rock outcrop. 

See footnote at end of table. 

lGray oak----------------------------
' I 
I 
I 

20 

15 

20 

40 
15 

40 
15 

30 
30 

40 
40 

40 
40 

30 

30 

30 
20 

30 
20 

2 

2 

2 
2 

3 
3 

3 
3 

3 

3 

3 
2 

3 
2 

Cords per acre 
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TABLE 3.--WOODLAND PRODUCTIVITY--Continued 

Potential ~roductivit¥ 

' ' Soil name and map symbol Common trees !Site index! 
I I 
I I 
I I 
I I 

I 
I 

' Ustorthents------------------------IAlligator juniper-------------------1 
!Gray oak----------------------------1 
I I 
I I 

Haplustolls------------------------IAlligator juniper-------------------1 
IGray oak----------------------------1 
I I 
I I 

87 1 , 88 1 : I I 
Typic Haplustalfs, fine, mixed, I 
mesic-----------------------------IAlligator juniper-------------------1 

!Gray oak----------------------------1 
I I 
I I 

Lithic Haplustolls, loamy-skeletal, l 
mixed, mesic----------------------IAlligator juniper-------------------1 

lGray oak----------------------------1 
I I 
I I 

89*: I I 
Typic Ustipsamments, mixed, mesic--lAlligator juniper-------------------1 

I I 
I I 

Cumulic Haplustolls, coarse-loamy, I l 
mixed, mesic----------------------IAlligator juniper-------------------1 

I I 
I I 

90 1 : : : 

Udic Ustochrepts, coarse-loamy, : I 
mixed, mesic----------------------lPinyon------------------------------1 

!Alligator juniper-------------------1 
IGray oak----------------------------1 
I I 
I I 

Lithic Haplustalfs, loamy-skeletal,: I 
mixed, mesic, moist---------------IPinyon------------------------------1 

!Alligator juniper-------------------1 
lGray oak----------------------------1 

40 

40 

30 

30 

30 
30 

30 
30 

4 

4 

3 

3 

3 
3 

3 
3 

Soil survey 

Cords per acre 

* See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 4.--WOODLAND UNDERSTORY VEGETATION 

[Only the soils suitable for production of woodland understory are listed] 

74*: 

Soil name and 
map symbol 

Aridic Haplustalfs, fine, 
mixed, mesic. 

Typic Ustorthents, loamy
skeletal, mixed, nonacid, 
mesic------------------------

75*: 
Aridic Haplustalfs. 

Typic Ustorthents-------------

77*----------------------------
Lithic Haploborolls, loamy, 

mixed, warm 

78*----------------------------Lithic Haploborolls, loamy, 
mixed, warm 

79*-----------------------------Lithic Haploborolls, warm 

Total production 1 

(normal year) : 
: Forage I Herbage : 
:(air-dry): (air-dry): 

Vegetation 

I Lb/acre I Lb/acre I 

250 400 

150 300 

250 600 

200 600 

100 600 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

:Alligator juniper--------------------------: 
:Gray oak-----------------------------------: 
:Turbinella oak-----------------------------: 
:sideoats grama-----------------------------: 
:Blue grama--------------------------------- 1 
:oneseed juniper----------------------------
1Wolftail-----------------------------------

New Mexico muhly--------------------------
Poverty threeawn---------------------------

I 

Turbinella oak-----------------------------: 
Alligator juniper--------------------------: 
Gray oak-----------------------------------: 
Blue grama---------------------------------: 
Sideoats grama-----------------------------: 
Oneseed juniper----------------------------: 

IWolftail-----------------------------------
:New Mexico muhly--------------------------~ 
'Poverty threeawn---------------------------

Ponderosa pine-----------------------------
Alligator juniper--------------------------
Gambel oak---------------------------------: 
Blue grama---------------------------------: 
Gray oak-----------------------------------: 
Silverleaf oak-----------------------------: 
Sideoats grama-----------------------------
Bottlebrush squirreltail-------------------
Pine dropseed------------------------------

Ponderosa pine-----------------------------
Alligator juniper--------------------------
Gambel oak---------------------------------

,Blue grama--------------------------------
Gray oak-----------------------------------
Silverleaf oak-----------------------------
Sideoats grama-----------------------------: 
Bottlebrush squirreltail-------------------: 
Pine dropseed------------------------------

Ponderosa pine-----------------------------
Alligator juniper--------------------------
Gambel oak--------------------------------
Blue grama--------------------------------
Gray oak-----------------------------------
Silverleaf oak----------------------------
Sideoats grama-----------------------------
Bottlebrush squirreltail-------------------
Pine dropseed------------------------------

See footnote at end of table. 
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Composition 

Pet 

20 
15 
15 
15 
15 
5 
5 
5 
5 

20 
15 
15 
15 
15 

5 
5 
5 
5 

30 
20 
10 
10 
5 
5 
5 
5 
5 

30 
20 
10 
10 

5 
5 
5 
5 
5 

30 
20 
10 
10 
5 
5 
5 
5 
5 
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TABLE 4.--WOODLAND UNDERSTORY VEGETATION--Continued 

82*: 

Soil name and 
map symbol 

Lithic Haplustalfs, dry. 

Lithic Ustorthents, moist-----

83*: 
Lithic Haplustalfs, loamy
skeletal, mixed, mesic, 
moist------------------------

Lithic Haplustolls, loamy
skeletal, mixed, mesic, 
moist------------------------

84*; I 

Lithic Haplustolls, loamy- : 
skeletal, mixed, mesic-------

I 
I 

Typic Haplustalfs, fine, : 
mixed, mesic-----------------: 

See footnote at end of table. 

100 

300 

325 

200 

300 

200 

500 

500 

300 

400 

Vegetatio~ 

Pinyon-------------------------------------
Alligator juniper--------------------------
Gray oak----------------------------------
Turbinella oak----------------------------
Sideoats grama-----------------------------
Oneseed juniper---------------------------
Wright silktassel-------------------------
Hairy mountainmahogany---------------------
Blue grams---------------------------------
Little bluestem---------------------------- 1 

Wolftail-----------------------------------: 

I 
I 

Pinyon-------------------------------------: 
Alligator juniper--------------------------: 
Gray oak----------------------------------- 1 

Turbinella oak-----------------------------
Oneseed juniper----------------------------
Blue grama--------------------------------
Sideoats grama-----------------------------

,Wright silktassel-------------------------
:Mountain muhly----------------------------
:Longtongue muhly-------------------•-------
'Wolftail-----------------------------------

Pinyon-------------------------------------
Alligator juniper--------------------------
Gray oak-----------------------------------
Turbinella oak-----------------------------: 
Oneseed juniper----------------------------: 
Blue grama---------------------------------: 
Sideoats grama-----------------------------: 

,Wright silktassel--------------------------: 
:Mountain muhly-----------------------------: 
:Longtongue muhly---------------------------: 
:wolftail-----------------------------------1 
I 
I 
I 
I 
I 
I 

IAlligator juniper--------------------------1 
:Gray oak-----------------------------------1 
IBlue grama---------------------------------1 
ITurbinella oak-----------------------------1 
ISideoats grama-----------------------------1 
IHairy mountainmahogany---------------------1 
INew Mexico muhly--------------~------------1 
'Wolftail-----------------------------------1 
Soaptree yucca----------------------------- 1 

Alligator juniper--------------------------
Gray oak----------------------------------
Blue grama--------------------------------
Turbinella oak----------------------------
Sideoats grama-----------------------------
Hairy mountainmahogany--------------------
New Mexico muhly---------------------------
Wolftail----------------------------------
Soaptree yucca-----------------------------

Soil survey 

Composition 

Pet 

25 
15 
10 
10 
10 
5 
5 
5 
5 
5 
5 

25 
20 
15 
5 
5 
5 
5 
5 
5 
5 
5 

25 
20 
15 
5 
5 
5 
5 
5 
5 
5 
5 

20 
20 
15 
15 
10 

5 
5 
5 
5 

20 
20 
15 
15 
10 

5 
5 
5 
5 
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TABLE 4.--WOODLAND UNDERSTORY VEGETATION--Continued 

85* 

Soil name and 
map symbol 

Lithic Ustorthents, loamy
skeletal, mixed, nonacid, 
mesic------------------------ 1 

Typic Ustorthents, loamy
skeletal, mixed, nonacid, 
mesic, moist----------------

86*: 
Rock outcrop. 

Haplustolls-------------------

87*, 88*: 
Typic Haplustalfs, fine, : 

mixed, mesic-----------------' 

See footnote at end of table. 

Total production : 
(normal year) : 

75 200 

150 400 

Vegetation 

Pinyon-------------------------------------
Alligator juniper--------------------------
Gray oak-----------------------------------
Turbinella oak-----------------------------
Sideoats grama-----------------------------
Oneseed juniper---------------------------
Hairy mountainmahogany---------------------
Wolftail-----------------------------------, 
Little bluestem----------------------------: 
Muhly--------------------------------------: 
Blue grama---------------------------------: 

I 
I 

I 
I 

Pinyon-------------------------------------: 
Alligator juniper--------------------------: 
Gray oak-----------------------------------: 
Turbinella oak----------------------------- 1 

Oneseed juniper----------------------------
,Wright silktassel--------------------------

75 150 

75 150 

500 600 

'Wolftail-----------------------------------
Sideoats grama----------------------------
Longtongue muhly---------------------------
Mountain muhly-----------------------------
Blue grama---------------------------------

Gray oak-----------------------------------
Alligator juniper--------------------------
Turbinella oak----------------------------
Blue grama---------------------------------
Hairy mountainmahogany--------------------

:sideoats grama-----------------------------
:wolftail-----------------------------------
:New Mexico muhly--------------------------
' I 
:Alligator juniper--------------------------
:Gray oak-----------------------------------
:Turbinella oak-----------------------------
:Blue grama---------------------------------
:sideoats grama----------------------------
:Hairy mountainmahogany---------------------
:wolftail-----------------------------------

New Mexico muhly---------------------------

Alligator juniper--------------------------
Gray oak----------------------------------

:Blue grama---------------------------------
:Turbinella oak----------------------------
:sideoats grama----------------------------
:Hairy mountainmahogany--------------------
:New Mexico muhly---------------------------
:wolftail-----------------------------------
:soaptree yucca----------------------------
' I 
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Composition 

Pet 

25 
15 
10 
10 
10 

5 
5 
5 
5 
5 
5 

25 
20 
10 
10 

5 
5 
5 
5 
5 
5 
5 

20 
20 
15 
15 
10 
10 
5 
5 

20 
20 
15 
15 
10 
10 
5 
5 

25 
20 
15 
10 
10 

5 
5 
5 
5 
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TABLE 4.--WOODLAND UNDERSTORY VEGETATION--Continued 

Total production I 
Soil name and 

map symbol 
(normal fiear) I 

Forageerbage I 
(air-dry) (air-dry) 

Vegetation 

Lb/acre Lb/acre 

87*, 88•: 
Lithic Haplustolls, loamy-
skeletal, mixed, mesic------- 300 400 

89*: 
Typic Ustipsamments, mixed, , 
mesic------------------------ 1 200 300 

Cumulic Haplustolls, coarse-
loamy, mixed, mesic--------- 1,500 1 '500 

90*: 
Udic Ustochrepts, coarse- : 

loamy, mixed, mesic----------: 350 600 

Lithic Haplustalfs, loamy-
skeletal, mixed, mesic, moist 350 500 

Alligator juniper--------------------------
Gray oak----------------------------------
Blue grama---------------------------------
Turbinella oak-----------------------------
Sideoats grama-----------------------------, 
Hairy mountainmahogany---------------------1 
New Mexico muhly---------------------------1 

,Wolftail-----------------------------------1 
JSoaptree yucca----------------------------- 1 

I 
I 
I 
I 
I 
I 

!Blue grama---------------------------------
IAlligator juniper--------------------------
IDesertwillow------------------------------
!Arizona walnut----------------------------
IPricklypear-------------------------------
!Gray oak----------------------------------
ISacahuista--------------------------------
ISoaptree yucca----------------------------
ISaltbush-----------------------------------
JSideoats grama-----------------------------
Sand dropseed------------------------------

Blue grama--------------------------------
Desertwillow-------------------------------
Alligator juniper--------------------------
Arizona walnut----------------------------
Pricklypear-------------------------------
Gray oak----------------------------------
Sacahuista---------------------------------

JSoaptree yucca-----------------------------
ISaltbush-----------------------------------
JSideoats grama-----------------------------
ISand dropseed------------------------------
1 
I 
I 
I 

: 
IPinyon-------------------------------------
IAlligator juniper-------------------------- 1 

!Gray oak-----------------------------------
ITurbinella oak-----------------------------
ISideoats grama-----------------------------
IOneseed juniper----------------------------
JBlue grama--------------------------------
'Wolftail----------------------------~------

Pinyon-------------------------------------
Alligator juniper--------------------------
Gray oak-----------------------------------
Turbinella oak----------------------------
Oneseed juniper----------------------------
Blue grama--------------------------------
Sideoats grama-----------------------------

oWright silktassel-------------------------
JMountain muhly----------------------------
JLongtongue muhly---------------------------
JWolftail-----------------------------------

Soil survey 

Composition 

Pet 

25 
20 
15 
10 
10 
5 
5 
5 
5 

20 
15 
15 
10 
10 
5 
5 
5 
5 
5 
5 

20 
15 
15 
10 
10 
5 
5 
5 
5 
5 
5 

25 
20 
15 
15 
10 
5 
5 
5 

25 
20 
15 

5 
5 
5 
5 
5 
5 
5 
5 

• See description of the map unit for composition and behavior characteristics of the map unit. 
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TABLE 5.--SOIL AND WATER FEATURES 

["Flooding" and "water table" and terms such as "rare," "common," and "occasional" are explained in the 
text. The symbol < means less than; > means more than. Absence of an entry indicates that the 
feature is not a concern] 

1 1 Flooding High water table Bedrock 1 

iHydro-1------------~~~~L--,,-------r---~~~~~~~~~---+~----~~.~~~---~Potential Soil name and 
map symbol : logic: Frequency Duration Months Depth Kind Months :Depth :Hardness frost 

:group : : action 

74 *: 
Aridic 
Haplustalfs, 

fine, mixed, : 
mesic----------: C 

Typic 
Ustorthents, 
loamy-skeletal, 
mixed, nonacid, 
mesic----------- B 

75 *: 
Aridic 
Haplustalfs----- C 

Typic Ustorthents B 

76 *: 
Cumulic 
Haplustolls-----

Aridic 
Haplustalfs-----

77*, 78*---------
Lithic 
Haploborolls, 

loamy, mixed, 
warm. 

79*---------------
Li thic 
Haploborolls, 

warm 

80*, 81*: 
Lithic 
Haplustalfs, dry 

Aridic 
Haplustalfs-----

82*: 
Lithic 
Haplustalfs, dry 

Lithic 

B 

c 

c 

c 

c 

c 

c 

Ustorthents, 
moist---------- C 

83*: 
Lithic 
Haplustalfs, 
loamy-skeletal,, 
mixed, mesic, : 
moist---------- C 

Lithic 
Haplustolls, 
loamy-skeletal, 
mixed, mesic, 
moist---------- C 

I 
I 
I 
I 

None--------: 
I 
I 

I 
I 
I 
I 

None--------: 

I 
I 

None--------: 
I 
I 

None--------: 
I 
I 
I 
I 
I 
I 

>6.0 

>6.0 

>6.0 

>6.0 

Occasional :very brief Jul-Sep >6.0 

I 
I 

,None--------: 

None--------

None--------

None--------, 

None--------

None--------

I 

:None--------

None--------

None--------

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

I )6,0 

>6.0 

>6.0 

See footnote at end of table. 

n 

20-60 Hard 

>60 Hard 

>20 Hard 

>20 Hard 

>60 

I 
I 

>20 :Hard 
I 
I 

<20 :Hard 

I 
I 

<20 :Hard 

<20 Hard 

>20 Hard 

<20 Hard 

<20 Hard 

I 

<20 Hard 

<20 Hard 

I 
I 
I 

Low. 

:Low. 

I 
I 
1 Low. 

Low. 

Low. 

I 

Low. 

Moderate. 

Moderate. 

Low. 

Low. 

Low. 

Low. 

I 

:Moderate. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:Low. 
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TABLE 5.--SOIL AND WATER FEATURES--Continued 

Flooding High water table Bedrock 
Hydro- , , Potential Soil name and 

map symbol logic Frequency l Duration !Months 
group 

Depth Kind Months Depth Hardness frost 

84.: 
L1 thic 
Haplustolls, 

loamy-skeletal, 
mixed, mesic, 
moist----------, C 

I 
I 

Typic l 
Haplustalfs, l 

fine, mixed, l 
mesic----------' D 

85.: 
Lithic 
Ustorthents, 
loamy-skeletal, 
mixed, nonacid, 
mesic, moist--- C 

Typic 
Ustorthents, 
loamy-skeletal, 
mixed, nonacid, 
mesic, moist---- C 

86*: 
Rock outcrop. 

Ustorthents------

Haplustolls------

87 •, 88*: 
Typic 
Haplustalfs, 

fine, mixed, 
mesic----------

L1 thic 
Haplustolls, 
loamy-skeletal, 
mixed, mesic---

89*: 
Typic 

Ustipsamments, 
mixed, mesic---

Cumulic 
Haplustolls, 
coarse-loamy, 
mixed, mesic---

go•: 
Udic Ustochrepts, 
coarse-loamy, 
mixed, mesic----, 

Lithic 
l 
I 
I 

Haplustalfs, l 
loamy-skeletal, l 
mixed, mesic, l 
moist----------1 

I 
I 

D 

c 

A 

B 

B 

c 

None--------

None--------, 

I 
I 

None--------' 

None--------

None--------

None--------

I 

None--------l 

I 
I 

'None--------l 

I 
I 
I 
I 
I 
I 

Ft 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

>6.0 

>6. 0' 

Common------ Very brief Jul-Sep >6.0 

I 

Rare--------

None--------

I 

lNone--------

>6.0 

>6.0 

>6.0 

In 

<20 

>20 

<20 

>20 

>5 

>5 

>20 

<20 

>60 

>60 

>20 

<20 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 

Hard 

Soft 

Hard 

Hard 

• See description of the map unit for composition and behavior characteristics of the map unit. 

I 
I 
I 

action 

Moderate. 

Low. 

Low. 

Low. 

lLow. 
I 
I 

lLow. 

l 
l 
I 
I 

l 
lLow. 

I 
I 

!Moderate. 

Low. 

Low. 

Low. 

Moderate. 
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Glossary 

ABC soli. A soil having an A, a 8, and a C horizon. 
Abla~ion till. Loose, permeable till deposited during the 

f1nal downwasting of glacial ice. Lenses of crudely 
sorted sand and gravel are common. 

AC soil. A soil having only an A and a C horizon. 
Commonly such soil formed in recent alluvium or on 
steep rocky slopes. 

Aeration, soil. The exchange of air in soil with air from 
the atmosphere. The air in a well aerated soil is 
similar to that in the atmosphere; the air in a poorly 
aerated soil is considerably higher in carbon dioxide 
and lower in oxygen. 

Aggregate, soil. Many fine particles held in a single 
mass or cluster. Natural soil aggregates, such as 
granules, blocks, or prisms, are called peds. Clods 
are aggregates produced by tillage or logging. 

Alkali (sodic) soil. A soil having so high a degree of 
alkalinity (pH 8.5 or higher), or so high a percentage 
of exchangeable sodium (15 percent or more of the 
total exchangeable bases), or both, that plant 
growth is restricted. 

Alluvium. Material, such as sand, silt, or clay, deposited 
on land by streams. 

Area reclaim (in tables). An area difficult to reclaim after 
the removal of soil for construction and other uses. 
Revegetation and erosion control are extremely 
difficult. 

Assoc!ati~n, s~il. A group of soils geographically 
assoc1ated 1n a characteristic repeating pattern and 
defined and delineated as a single map unit. 

Available water capacity (available moisture 
capacity). The capacity of soils to hold water 
available for use by most plants. It is commonly 
defined as the difference between the amount of 
soil water at field moisture capacity and the amount 
at wilting point. It is commonly expressed as inches 
of wB:ter per i~ch of soil. The capacity, in inches, in 
a 60-mch prof1le or to a limiting layer is expressed 
as-

Inches 
Very low ................................................................ o to 3.5 
Low .................................................................... 3.5 to 5.0 
Moderate ........................................................... 5.0 to 7.5 
High .................................................................... 7.5 to 10 
Very high .................................................... More than 1 0 
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Badland. Steep or very steep, commonly nonstony, 
barren land dissected by many intermittent drainage 
channels. Badland is most common in semiarid and 
arid regions where streams are entrenched in soft 
geologic material. Local relief generally ranges from 
25 to 500 feet. Runoff potential is very high, and 
geologic erosion is active. 

Base saturation. The degree to which material having 
cation exchange properties is saturated with 
exchangeable bases (sum of Ca:, Mg, Na, K), 
expressed as a percentage of the total cation 
exchange capacity. 

Bedding plan.es. Fine stratifications, less than 5 
millimeters thick, in unconsolidated alluvial, eolian, 
lacustrine, or marine sediments. 

Bedrock. The solid rock that underlies the soil and other 
unconsolidated material or that is exposed at the 
surface. 

Bench terrace. A raised, level or nearly level strip of 
earth constructed on or nearly on a contour, 
supported by a barrier of rocks or similar material, 
and designed to make the soil suitable for tillage 
and to prevent accelerated erosion. 

Bisequum. Two sequences of soil horizons, each of 
which consists of an illuvial horizon and the 
overlying eluvial horizons. · 

Blowout. A shallow depression from which all or most of 
the soil material has been removed by wind. A 
blowout has a flat or irregular floor formed by a 
resistant layer or by an accumulation of pebbles or 
cobbles. In some blowouts the water table is 
exposed. 

Bolson. A flat-floored desert valley that drains to a 
playa. 

Bottom land. The normal flood plain of a stream, 
subject to flooding. 

Boulders. Rock fragments larger than 2 feet (60 
centimeters) in diameter. 

Broad-base terrace. A ridge-type terrace built to control 
erosion by diverting runoff along the contour at a 
non scouring velocity. The terrace is 10 to 20 inches 
h!gh and 15 to 30 feet wide and has gently sloping 
s1des, a rounded crown, and a dish-shaped channel 
along the upper side. It may be nearly level or have 
a grade toward one or both ends. 
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Calcareous soli. A soil containing enough calcium 
carbonate (commonly combined with magnesium 
carbonate) to effervesce visibly when treated with 
cold, dilute hydrochloric acid. 

Caliche. A more or less cemented deposit of calcium 
carbonate in soils of warm-temperate, subhumid to 
arid areas. Caliche occurs as soft, thin layers in the 
soil or as hard, thick beds just beneath the solum, or 
it is exposed at the surface by erosion. 

Capillary water. Water held as a film around soil 
particles and in tiny spaces between particles. 
Surface tension is the adhesive force that holds 
capillary water in the soil. 

Catena. A sequence, or "chain," of soils on a landscape 
that formed in similar kinds of parent material but 
have different characteristics as a result of 
differences in relief and drainage. 

Cation. An ion carrying a positive charge of electricity. 
The common soil cations are calcium, potassium, 
magnesium, sodium, and hydrogen. 

Cation-exchange capacity. The total amount of 
exchangeable cations that can be held by the soil, 
expressed in terms of milliequivalents per 1 00 grams 
of soil at neutrality (pH 7.0) or at some other stated 
pH value. The term, as applied to soils, is 
synonymous with base-exchange capacity, but is 
more precise in meaning. 

Catsteps. Very small, irregular terraces on steep 
hillsides, especially in pasture, formed by the 
trampling of cattle or the slippage of saturated soil. 

Channery soli. A soil that is, by volume, more than 15 
percent thin, flat fragments of sandstone, shale, 
slate, limestone, or schist as much as 6 inches 
along the longest axis. A single piece is called a 
fragment. 

Chiseling. Tillage with an implement having one or more 
soil-penetrating points that loosen the subsoil and 
bring clods to the surface. A form of emergency 
tillage to control soil blowing. 

Clay. As a soil separate, the mineral soil particles less 
than 0.002 millimeter in diameter. As a soil textural 
class, soil material that is 40 percent or more clay, 
less than 45 percent sand, and less than 40 percent 
silt. · 

Clay film. A thin coating of oriented clay on the surface 
of a soil aggregate or lining pores or root channels. 
Synonyms: clay coating, clay skin. 

Claypan. A slowly permeable soil horizon that contains 
much more clay than the horizons above it. A 
claypan is commonly hard when dry and plastic or 
stiff when wet. 

Climax vegetation. The stabilized plant community on a 
particular site. The plant cover reproduces itself and 
does not change so long as the environment 
remains the same. 

Soil survey 

Coarse fragments. If round, mineral or rock particles 2 
millimeters to 25 centimeters (1 0 inches) in 
diameter; if flat, mineral or rock particles (flagstone) 
15.2 to 38.1 centimeters (6 to 15 inches) long. 

Coarse textured soli. Sand or loamy sand. 
Cobblestone (or cobble). A rounded or partly rounded 

fragment of rock. 3 to 1 o inches (7.5 to 25 
centimeters) in diameter. 

Colluvium. Soil material, rock fragments, or both moved 
by creep, slide, or local wash and deposited at the 
base of steep slopes. 

Complex slope. Irregular or variable slope. Planning or 
constructing terraces, diversions, and other water
control measures on a complex slope is difficult. 

Complex, soli. A map unit of two or more kinds of soil in 
such an intricate pattern or so small in area that it is 
not practical to map them separately at the selected 
scale of mapping. The pattern and proportion of the 
soils are somewhat similar in all areas. 

Compressible (in tables). Excessive decrease in volume 
of soft soil under load. 

Concretions. Grains, pellets, or nodules of various 
sizes, shapes, and colors consisting of concentrated 
compounds or cemented soil grains. The 
composition of most concretions is unlike that of the 
surrounding soil. Calcium carbonate and iron oxide 
are common compounds in concretions. 

Congellturbate. Soil material disturbed by frost action. 
Consistence, soil. The feel of the soil and the ease with 

which a lump can be crushed by the fingers. Terms 
commonly used to describe consistence are
Loose.-Noncoherent when dry or moist; does not 
hold together in a mass. 
Friable.-When moist, crushes easily under gentle 
pressure between thumb and forefinger and can be 
pressed together into a lump. 
Firm.-When moist, crushes under moderate 
pressure between thumb and forefinger, but 
resistance is distinctly noticeable. 
Plastic.-When wet, readily deformed by moderate 
pressure but can be pressed into a. lump; will form a 
"wire" when rolled between thumb and forefinger. 
Sticky.-When wet, adheres to other material and 
tends to stretch somewhat and pull apart rather than 
to pull free from other material. 
Hard-When dry, moderately resistant to pressure; 
can be broken with difficulty between thumb and 
forefinger. 
Soft.-When dry, breaks into powder or individual 
grains under very slight pressure. 
Cemented-Hard; little affected by moistening. 

Contour strlpcropplng. Growing crops in strips that 
follow the contour. Strips of grass or close-growing 
crops are alternated with strips of clean-tilled crops 
or summer fallow. 
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Control section. The part of the soil on which 
classification is based. The thickness varies among 
different kinds of soil, but for many it is that part of 
the soil profile between depths of 1 0 inches and 40 
or 80 inches. 

Coprogenous earth (sedimentary peat). Fecal material 
deposited in water by aquatic organisms. The Leo 
horizon is a limnic layer that contains many fecal 
pellets. 

Corrosive. High risk of corrosion to uncoated steel or 
deterioration of concrete. 

Cover crop. A close-growing crop grown primarily to 
improve and protect the soil between periods of 
regular crop production, or a crop grown between 
trees and vines in orchards and vineyards. 

Cutbanks cave (in tables). The walls of excavations 
tend to cave in or slough. 

Decreasers. The most heavily grazed climax range 
plants. Because they are the most palatable, they 
are the first to be destroyed by overgrazing. 

Deferred grazing. Postponing grazing or arresting 
grazing for a prescribed period. 

Dense layer (in tables). A very firm, massive layer that 
has a bulk density of more than 1.8 grams per cubic 
centimeter. Such a layer affects the ease of digging 
and can affect filling and compacting. 

Depth to rock (in tables). Bedrock is too near the 
surface for the specified use. 

Diversion (or diversion terrace). A ridge of earth, 
generally a terrace, built to protect downslope areas 
by diverting runoff from its natural course. 

Drainage class (natural). Refers to the frequency and 
duration of periods of saturation or partial saturation 
during soil formation, as opposed to altered 
drainage, which is commonly the result of artificial 
drainage or irrigation but may be caused by the 
sudden deepening of channels or the blocking of 
drainage outlets. Seven classes of natural soil 
drainage are recognized: 
Excessively drained.-Water is removed from the 
soil very rapidly. Excessively drained soils are 
commonly very coarse textured, rocky, or shallow. 
Some are steep. All are free of the mottling related 
to wetness. 
Somewhat excessively drained.-Water is removed 
from the soil rapidly. Many somewhat excessively 
drained soils are sandy and rapidly pervious. Some 
are shallow. Some are so steep that much of the 
water they receive is lost as runoff. All are free of 
the mottling related to wetness. 
Well drained.-Water is removed from the soil 
readily, but not rapidly. It is available to plants 
throughout most of the growing season, and 
wetness does not inhibit growth of roots for 
significant periods during most growing seasons. 
Well drained soils are commonly medium textured. 
They are mainly free of mottling. 
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Moderately well drained.-Water is removed from 
the soil somewhat slowly during some periods. 
Moderately well drained soils are wet for only a 
short time during the growing season, but 
periodically they are wet long enough that most 
mesophytic crops are affected. They commonly 
have a slowly pervious layer within or directly below 
the solum, or periodically receive high rainfall, or 
both. 
Somewhat poorly drained.-Water is removed slowly 
enough that the soil is wet for significant periods 
during the growing season. Wetness markedly 
restricts the growth of mesophytic crops unless 
artificial drainage is provided. Somewhat poorly 
drained soils commonly have a slowly pervious 
layer, a high water table, additional water from 
seepage, nearly continuous rainfall, or a combination 
of these. 
Poorly drained.-Water is removed so slowly that 
the soil is saturated periodically during the growing 
season or remains wet for long periods. Free water 
is commonly at or near the surface for long enough 
during the growing season that most mesophytic 
crops cannot be grown unless the soil is artificially 
drained. The soil is not continuously saturated in 
layers directly below plow depth. Poor drainage 
results from a high water table, a slowly pervious 
layer within the profile, seepage, nearly continuous 
rainfall, or a combination of these. 
Vety poorly drained.-Water is removed from the 
soil so slowly that free water remains at or on the 
surface during most of the growing season. Unless 
the soil is artificially drained; most mesophytic crops 
cannot be grown. Very poorly drained soils are 
commonly level or depressed and are frequently 
ponded. Yet, where rainfall is high and nearly 
continuous, they can have moderate or high slope 
gradients. 

Drainage, surface. Runoff, or surface flow of water, 
from an area. 

Eluvlatlon. The movement of material in true solution or 
colloidal suspension from one place to another 
within the soil. Soil horizons that have lost material 
through eluviation are eluvial; those that have 
received material are illuvial. 

Eolian soli material. Earthy parent material accumulated 
through wind action; commonly refers to sandy 
material in dunes or to loess in blankets on the 
surface. 

Erosion. The wearing away of the land surface by water, 
wind, ice, or other geologic agents and by such 
processes as gravitational creep~ 
Erosion (geologic). Erosion caused by geologic 
processes acting over long geologic periods and 
resulting in the wearing away of mountains and the 
building up of such landscape features as flood 
plains and coastal plains. Synonym: natural erosion. 



210 

Erosion (accelerated). Erosion much more rapid 
than geologic erosion, mainly as a result of the 
activities of man or other animals or of a 
catastrophe in nature, for example, fire, that 
exposes the surface. 

Erosion pavement. A layer of gravel or stones that 
remains on the surface after fine particles are 
removed by sheet or rill erosion. 

Excess alkali (in tables). Excess exchangeable sodium 
in the soil. The resulting poor physical properties 
restrict the growth of plants. 

Excess fines (in tables). Excess silt and clay in the soil. 
The soil does not provide a source of gravel or sand 
for construction purposes. 

Excess lime (in tables). Excess carbonates in the soil 
that restrict the growth of some plants. 

Excess salts (in tables). Excess water-soluble salts in 
the soil that restrict the growth of most plants. 

Fallow. Cropland left idle in order to restore productivity 
through accumulation of moisture. Summer fallow is 
common in regions of limited rainfall where cereal 
grains are grown. The soil is tilled for at least one 
growing season for weed control and decomposition 
of plant residue. 

Fast Intake (in tables). The rapid movement of water 
into the soil. 

Fertility, soli. The quality that enables a soil to provide 
plant nutrients, in adequate amounts and in proper 
balance, for the growth of specified plants when 
light, moisture, temperature, tilth, and other growth 
factors are favorable. 

Flbrlc soli material (peat). The least decomposed of all 
organic soil material. Peat contains a large amount 
of well preserved fiber that is readily identifiable 
according to botanical origin. Peat has the lowest 
bulk density and the highest water content at 
saturation of all organic soil material. 

Field moisture capacity. The moisture content of a soil, 
expressed as a percentage of the ovendry weight, 
after the gravitational, or free, water has drained 
away; the field moisture content 2 or 3 days after a 
soaking rain; also called normal field capacity, 
normal moisture capacity, or capillary capacity. 

Fine textured soli. Sandy clay, silty clay, and clay. 
First bottom. The normal flood plain of a stream, 

subject to frequent or occasional flooding. 
Flagstone. A thin fragment of sandstone, limestone, 

slate, shale, or (rarely) schist, 6 to 15 inches (15 to 
37.5 centimeters) long. 

Flood plain. A nearly level alluvial plain that borders a 
stream and is subject to flooding unless protected 
artificially. 

Foot slope. The inclined surface at the base of a hill. 
Forb. Any herbaceous plant not a grass or a sedge. 
Fragile (in tables). A soil that is easily damaged by use 

or disturbance. 
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Frost action (in tables). Freezing and thawing of soil 
moisture. Frost action can damage roads, buildings 
and other structures, and plant roots. 

Genesis, soli. The mode of origin of the soil. Refers 
especially to the processes or soil-forming factors 
responsible for the formation of the solum, or true 
soil, from the unconsolidated parent material. 

Gllgal. Commonly a succession of microbasins and 
microknolls in nearly level areas or of microvalleys 
and microridges parallel with the slope. Typically, 
the microrelief of Vertisols-clayey soils having a 
high coefficient of expansion and contraction with 
changes in moisture content. 

Grassed waterway. A natural or constructed waterway, 
typically broad and shallow, seeded to grass as 
protection against erosion. Conducts surface water 
away from cropland. 

Gravel. Rounded or angular fragments of rock up to 3 
inches (2 millimeters to 7.5 centimeters) in diameter. 
An individual piece is a pebble. 

Gravelly soli material. Material that is 15 to 50 percent, 
by volume, rounded or angular rock fragments, not 
prominently flattened, up to 3 inches (7.5 
centimeters) in diameter. 

Green manure crop (agronomy). A soil-improving crop 
grown to be plowed under in an early stage of 
maturity or soon after maturity. 

Ground water (geology). Water filling all the unblocked 
pores of underlying material below the water table. 

Gully. A miniature valley with steep sides cut by running 
water and through which water ordinarily runs only 
after rainfall. The distinction between a gully and a 
rill is one of depth. A gully generally is an obstacle 
to farm machinery and is too deep to be obliterated 
by ordinary tillage; a rill is of lesser depth and can 
be smoothed over by ordinary tillage. 

Hardpan. A hardened or cemented soil horizon, or layer. 
The soil material is sandy, loamy, or clayey and is 
cemented by iron· oxide, silica, calcium carbonate, or 
other substance. 

Horizon, soil. A layer of soil, approximately parallel to 
the surface, having distinct characteristics produced 
by soil-forming processes. In the identification of soil 
horizons, an upper case letter represents the major 
horizons. Numbers or lower case letters that follow 
represent subdivisions of the major horizons. An 
explanation of the subdivisions is given in the Soil 
Survey Manual. The major horizons of mineral soil 
are as follows: 
0 horizon. -An organic layer of fresh and decaying 
plant residue at the surface of a mineral soil. 
A horizon.-The mineral horizon at or near the 
surface in which an accumulation of humified 
organic matter is mixed with the mineral material. 
Also, a plowed surface horizon, most of which was 
originally part of a B horizon. 
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8 horizon.-The mineral horizon below an A horizon. 
The B horizon is in part a layer of transition from the 
overlying A to the underlying C horizon. The B 
horizon also has distinctive characteristics such as 
(1) accumulation of clay, sesquioxides, humus, or a 
combination of these: (2) prismatic or blocky 
structure: (3) redder or browner colors than those in 
the A horizon: or (4) a combination of these. The 
combined A and B horizons are generally called the 
solum, or true soil. If a soil does not have a B 
horizon, the A horizon alone is the solum. 
C horizon.-The mineral horizon or layer, excluding 
indurated bedrock, that is little affected by soil
forming processes and does not have the properties 
typical of the A or 8 horizon. The material of a C ' 
horizon may be either like or unlike that in which the 
solum formed. If the material is known to differ from 
that in the solum, the Roman numeral II precedes 
the letter C. 
R layer.-Corisolidated rock beneath the soil. The 
rock commonly underlies a C horizon, but can be 
directly below an A or a 8 horizon. 

Hummocky. Refers to a landscape of hillocks, 
separated by low sags, having sharply rounded tops 
and steep sides. Hummocky relief resembles rolling 
or undulating relief, but the tops of ridges 'are 
narrower and the sides are shorter and less even. 

Humus. The well decomposed, more or less stable part 
of the organic matter in mineral soils. 

Hydrologic soil groups. Refers to soils grouped 
according to their run·off-producing characteristics. 
The chief consideration is the inherent capacity of 
soil bare of vegetation to permit infiltration. The 
slope and the kind of plant cover are not considered 
but are separate factors in predicting runoff. Soils 
are assigned to four groups. In group A are soils 
having a high infiltration rate when thoroughly wet 
and having a low runoff potential. They are mainly 
deep, well drained, and sandy or gravelly. In group 
D, at the other extreme, are soils having a very slow 
infiltration rate and thus a high runoff potential. They 
have a claypan or clay layer at or near the surface, 
have a permanent high water table, or are shallow 
over nearly impervious bedrock or other material. A 
soil is assigned to two hydrologic groups if part of 
the acreage is artificially drained and part is 
undrained. 

llluviation. The movement of soil material from one 
horizon to another in the soil profile. Generally, 
material is removed from an upper horizon and 
deposited in a lower horizon. 

Impervious soil. A soil through which water, air, or roots 
penetrate slowly or not at all. No soil is absolutely 
impervious to air and water all the time. 
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Increasers. Species in the climax vegetation that 
increase in amount as the more desirable plants are 
reduced by close grazing. Increasers commonly are 
the shorter plants and the less palatable to 
livestock. 

Infiltration. The downward entry of water into the 
immediate surface of soil or other material, as 
contrasted with percolation, which is movement of 
water through soil layers or material. 

Infiltration capacity. The maximum rate at which water 
can infiltrate into a soil under a given set of 
conditions. 

Infiltration rate. The rate at which water penetrates the 
surface of the soil at any given instant, usually 
expressed in inches per hour. The rate can be 
limited by the infiltration capacity of the soil or the 
rate at which water is applied at the surface. 

Intake rate. The average rate of water entering the soil 
under irrigation. Most soils have a fast initial rate: 
the rate decreases with application time. Therefore, 
intake rate for design purposes is not a constant but 
is a variable depending on the net irrigation 
application. The rate of water intake in inches per 
hour is expressed as follows: 

Less than 0.2 ...................................................... very low 
0.2 to 0.4 ..................................................................... low 
0.4 to 0.75 ............................................... moderately low 
0. 75 to 1.25 ....................................................... moderate 
1.25 to 1.75 ........................................... moderately high 
1.75 to 2.5 .................................................................. high 
More than 2.5 .................................................... very high 

Invaders. On range, plants that encroach into an area 
and grow after the climax vegetation has been 
reduced by grazing. Generally, invader plants follow 
disturbance of the surface. 

Irrigation. Application of water to soils to assist in 
production of crops. Methods of irrigation are
Border.-Water is applied at the upper end of a strip 
in which the lateral flow of water is controlled by 
small earth ridges called border dikes, or borders. 
Basin.-Water is applied rapidly to nearly level 
plains surrounded by levees or dikes. 
Controlled flooding.-Water is released at intervals 
from closely spaced field ditches and distributed 
uniformly over the field. 
Corrugation-Water is applied to small, closely 
spaced furrows or ditches in fields of close-growing 
crops or in orchards so that it flows in only one 
direction. 
Drip (or trickle).-Water is applied slowly and under 
low pressure to the surface of the soil or into the 
soil through such applicators as emitters, porous 
tubing, or perforated pipe. 
Furrow. -Water is applied in small ditches made by 
cultivation implements. Furrows are used for tree 
and row crops. 
Sprinkler.-Water is sprayed over the soil surface 
through pipes or nozzles from a pressure system. 
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Subirrigation.-Water is applied in open ditches or 
tile lines until the water table is raised enough to wet 
the soil. 
Wild f/ooding.-Water, released at high points, is 
allowed to flow onto an area without controlled 
distribution. 

Kame (geology). An irregular, short ridge or hill of 
stratified glacial drift. 

Lacustrine deposit (geology). Material deposited in lake 
water and exposed when the water level is lowered 
or the elevation of the land is raised. 

Landslide. The rapid downhill movement of a mass of 
soil and loose rock, generally when wet or 
saturated. The speed and distance of movement, as 
well as the amount of soil and rock material, vary 
greatly. 

Large stones (in tables). Rock fragments 3 inches (7.5 
centimeters) or more across. Large stones adversely 
affect the specified use of the soil. 

Leaching. The removal of soluble material from soil or 
other material by percolating water. 

Light textured soli. Sand and loamy sand. 
Liquid limit. The moisture content at which the soil 

passes from a plastic to a liquid state. 
Loam. Soil material that is 7 to 27 percent clay particles, 

28 to 50 percent silt particles, and less than 52 
percent sand particles. 

Loess. Fine grained material, dominantly of silt-sized 
particles, deposited by wind. 

Low strength. The soil is not strong enough to support 
loads. 

Medium textured soli. Very fine sandy loam, loam, silt 
loam, or silt. 

Metamorphic rock. Rock of any origin altered in 
mineralogical composition, chemical composition, or 
structure by heat, pressure, and movement. Nearly 
all such rocks are crystalline. 

Mineral soli. Soil that is mainly mineral material and low 
in organic material. Its bulk density is more than that 
of organic soil. 

Minimum tillage. Only the tillage essential to crop 
production and prevention of soil damage. 

Miscellaneous area. An area that has little or no natural 
soil and supports little or no vegetation. 

Moderately coarse textured soli. Sandy loam and fine 
sandy loam. 

Moderately fine textured soli. Clay loam, sandy clay 
loam, and silty clay loam. 

Morphology, soli. The physical makeup of the soil, 
including the texture, structure, porosity, 
consistence, color, and other physical, mineral, and 
biological properties of the various horizons, and the 
thickness and arrangement of those horizons in the 
soil profile. 
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Mottling, soli. Irregular spots of different colors that vary 
in number and size. Mottling generally indicates poor 
aeration and impeded drainage. Descriptive terms 
are as follows: abundance-few, common, and 
many, size-fine, medium, and coarse; and 
contrast-faint, distinct, and prominent. The size 
measurements are of the diameter along the 
greatest dimension. Fine indicates less than 5 
millimeters (about 0.2 inch); medium, from 5 to 15 
millimeters (about 0.2 to 0.6 inch); and coarse, more 
than 15 millimeters (about 0.6 inch). 

Munsell notation. A designation of color by degrees of 
the three simple variables-hue, value, and chroma. 
For example, a notation of 10YR 6/4 is a color of 
1 OYR hue, value of 6, and chroma of 4. 

Narrow-base terrace. A terrace no more than 4 to 8 
feet wide at the base. A narrow-base terrace is 
similar to a broad-base terrace, except for the width 
of the ridge and channel. 

Neutral soli. A soil having a pH value between 6.6 and 
7.3. (See Reaction, soil.) 

Nutrient, plant. Any element taken in by a plant 
essential to its growth. Plant nutrients are mainly 
nitrogen, phosphorus, potassium, calcium, 
magnesium, sulfur, iron, manganese, copper, boron, 
and zinc obtained from the soil and carbon, 
hydrogen, and oxygen obtained from the air and 
water. 

Organic matter. Plant and animal residue in the soil in 
various stages of decomposition. 

Outwash plain. A landform of mainly sandy or coarse 
textured material of glaciofluvial origin. An outwash 
plain is commonly smooth; where pitted, it is 
generally low in relief. 

Pan. A compact, dense layer in a soil that impedes the 
movement of water and the growth of roots. For 
example, hardpan, fragipan, claypan, plowpan, and 
traffic pan. 

Parent material. The unconsolidated organic and 
mineral material"in which soil forms. 

Ped. An individual natural soil aggregate, such as a 
granule, a prism, or a block. 

Pedon. The smallest volume that can be called "a soil." 
A pedon is three dimensional and large enough to 
permit study of all horizons. Its area ranges from 
about 10 to 100 square feet (1 square meter to 10 
square meters), depending on the variability of the 
soil. 

Percolation. The downward movement of water through 
the soil. 

Peres slowly (in tables). The slow movement of water 
through the soil adversely affecting the specified 
use. 
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Permeability. The quality of the soil that enables water 
to move downward through the profile. Permeability 
is measured as the number of inches per hour that 
water moves downward through the saturated soil. 
Terms describing permeability are: 

Very slow .......................................... less than 0.06 inch 
Slow ...................................................... 0.06 to 0.20 inch 
Moderately slow ....................................... 0.2 to 0.6 inch 
Moderate ...................................... 0.6 inch to 2.0 inches 
Moderately rapid .................................. 2.0 to 6.0 inches 
Rapid ...................................................... 6.0 to 20 inches 
Very rapid ....................................... more than 20 inches 

Phase, soil. A subdivision of a soil series based on 
features that affect its use and management. For 
example, slope, stoniness, and thickness. 

pH value. A numerical designation of acidity and 
· alkalinity in soil. (See Reaction, soil.) 

Piping (in tables). Formation of subsurface tunnels or 
pipelike cavities by water moving through the soil. 

Pitting (in tables). Pits caused by melting ground ice. 
They form on the soil after plant cover is removed. 

Plasticity index. The numerical difference between the 
liquid limit and the plastic limit; the range of moisture 
content within which the soil remains plastic. 

Plastic limit. The moisture content at which a soil 
changes from semisolid to plastic. 

Plinthite. The sesquioxide-rich, humus-poor, highly 
weathered mixture of clay with quartz and other 
diluents. It commonly appears as red mottles, 
usually in platy, polygonal, or reticulate patterns. 
Plinthite changes irreversibly to an ironstone 
hardpan or to irregular aggregates on repeated 
wetting and drying, especially if it is exposed also to 
heat from the sun. In a moist soil, plinthite can be 
cut with a sp~de. It is a form of laterite. 

Plowpan. A compacted layer formed in the soil directly 
below the plowed layer. 

Ponding. Standing water on soils in closed depressions. 
The water can be removed only by percolation or 
evapotranspiration. 

Poorly graded. Refers to a coarse grained soil or soil 
material consisting mainly of particles of nearly the 
same size. Because there is little difference in size 
of the particles, density can be increased only 
slightly by compaction. 

Poor outlets (in tables). Refers to areas where surface 
or subsurface drainage outlets are difficult or 
expensive to install. 

Productivity, soil. The capability of a soil for producing 
a specified plant or sequence of plants under 
specific management. 

Profile, soil. A vertical section of the soil extending 
through all its horizons and into the parent material. 

Proper grazing use. Grazing at an intensity that 
maintains enough cover to protect the soil and 
maintain or improve the quantity and quality of the 
desirable vegetation. 
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Rangeland. Land on which the potential natural 
vegetation is predominantly grasses, grasslike 
plants, forbs, or shrubs suitable for grazing or 
browsing. It includes natural grasslands, savannas, 
many wetlands, some deserts, tundras, and areas 
that support certain forb and shrub communities. 

Range condition. The present composition of the plant 
community on a range site in relation to the 
potential natural plant community for that site. 
Range condition is expressed as excellent, good, 
fair, or poor, on the basis of how much the present 
plant community has departed from the potential. 

Range site. An area of rangeland where climate, soil, 
and relief are sufficiently uniform to produce a 
distinct natural plant community. A range site is the 
product of all the environmental factors responsible 
for its development. It is typified by an association of 
species that differ from those on other range sites in 
kind or proportion of species or total production. 

Reaction, soil. A measure of acidity or alkalinity of a 
soil, expressed in pH values. A soil that tests to pH 
7.0 is described as precisely neutral in reaction 
because it is neither acid nor alkaline. The degree of 
acidity or alkalinity is expressed as-

pH 
Extremely acid ................................................. Below 4.5 
Very strongly acid ............................................ 4.5 to 5.0 
Strongly acid ..................................................... 5.1 to 5.5 
Medium acid ..................................................... 5.6 to 6.0 
Slightly acid ....................................................... 6.1 to 6.5 
Neutral.. ............................................................. 6.6 to 7.3 
Mildly alkaline ................................................... 7.4 to 7.8 
Moderately alkaline .......................................... 7.9 to 8.4 
Strongly alkaline ............................................... 8.5 to 9.0 
Very strongly alkaline .............................. 9.1 and higher 

Regolith. The unconsolidated mantle of weathered rock 
and soil material on the earth's surface; the loose 
earth material above the solid rock. 

Relief. The elevations or inequalities of a land surface, 
considered collectively. 

Residuum (residual soil material). Unconsolidated, 
weathered, or partly weathered mineral material that 
accumulated as consolidated rock disintegrated in 
place. 

Rill. A steep sided channel resulting from accelerated 
erosion. A rill is generally a few inches deep and not 
wide enough to be an obstacle to farm machinery. 

Rippable. Bedrock or hardpan can be excavated using a 
single-tooth ripping attachment mounted on a tractor 
with a 200-300 draw bar horsepower rating. 

Rock fragments. Rock or mineral fragments having a 
diameter of 2 millimeters or more; for example, 
pebbles, cobbles, stones, and boulders. 

Rooting depth (in tables). Shallow root zone. The soil is 
shallow over a layer that greatly restricts roots. 

Root zone. The part of the soil that can be penetrated 
by plant roots. 
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Runoff. The precipitation discharged into stream 
channels from an area. The water that flows off the 
surface of the land without sinking into the soil is 
called surface runoff. Water that enters the soil 
before reaching surface streams is called ground
water runoff or seepage flow from ground water. 

Saline soli. A soil containing soluble salts in an amount 
that impairs growth of plants. A saline soil does not 
contain excess exchangeable sodium. 

Sand. As a soil separate, individual rock or mineral 
fragments from 0.05 millimeter to 2.0 millimeters in 
diameter. Most sand grains consist of q4artz. As a 
soil textural class, a soil that is 85 percent or more 
sand and not more than 10 percent clay. 

Sandstone. Sedimentary rock containing dominantly 
sand-size particles. 

Saprolite (geology). Soft, earthy, clay-rich, thoroughly 
decomposed rock formed in place by chemical 
weathering of igneous and metamorphic rock. In soil 
science, saprolite is any unconsolidated residual 
material underlying the soil and grading to hard 
bedrock below. 

Salty water (in tables.) Water that is too salty for 
consumption by livestock. 

Sedimentary rock. Rock made up of particles deposited 
from suspension in water. The chief kinds of 
sedimentary rock are conglomerate, formed from 
gravel; sandstone, formed from sand; shale, formed 
from clay; and limestone, formed from soft masses 
of calcium carbonate. There are many intermediate 
types. Some wind-deposited sand is consolidated 
into sandstone. 

Seepage (in tables). The movement of water through the 
soil. Seepage adversely affects the specified use. 

Sequum. A sequence consisting of an illuvial horizon 
and the overlying eluvial horizon. (See Eluviation.) 

Series, soli. A group of soils that have profiles that are 
almost alike, except for differences in texture of the 
surface layer or of the underlying material. All the 
soils of a series have horizons that are similar in 
composition, thickness, and arrangement. 

Shale. Sedimentary rock formed by the hardening of a 
clay deposit. 

Sheet erosion. The removal of a fairly uniform layer of 
soil material from the land surface by the action of 
rainfall and runoff water. 

Shrlnk~swell. The shrinking of soil when dry and the 
swelling when wet. Shrinking and swelling can 
damage roads, dams, building foundations, and 
other structures. It can also damage plant roots. 

Silica. A combination of silicon and oxygen. The mineral 
form is called quartz. 
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Slllca-sesquloxide ratio. The ratio of the number of 
molecules of silica to 'the number of molecules of 
alumina and iron oxide. The more highly weathered 
soils or their clay fractions in warm-temperate, 
humid regions, and especially those in the tropics, 
generally have a low ratio. 

Slit. As a soil separate, individual mineral particles that 
range in diameter from the upper limit of clay (0.002 
millimeter) to the lower limit of very fine sand (0.05 
millimeter). As a soil textural class, soil that is 80 
percent or more silt and less than 12 percent clay. 

Siltstone. Sedimentary rock made up of dominantly silt
sized particles. 

Sinkhole. A depression in the landscape where 
limestone has been dissolved. 

Site index. A designation of the quality of a forest site 
based on the height of the dominant stand at an 
arbitrarily chosen age. For example, if the average 
height attained by dominant and codorriinant trees in 
a fully stocked stand at the age of 50 years is 75 
feet, the site index is 75 .feet. 

Slickensides. Pqlished and grooved surfaces produced 
by one mass sliding past another. In soils, 
slickensides may occur at the bases of slip surfaces 
on the steeper slopes; on faces of blocks, prisms, 
and columns; and in swelling clayey soils, where 
there is marked change in moisture content. 

Slick spot. A small area of soil having a puddled, 
crusted, or smooth surface and an excess of 
exchangeable sodium. The soil is generally silty or 
clayey, is slippery when wet, and is low in 
productivity. 

Slippage (in tables). Soil mass susceptible to movement 
downslope when loaded, excavated, or wet. 

Slope. The inclination of the land surface from the 
horizontal. Percentage of slope is the vertical 
distance divided by horizontal distance, then 
multiplied by 1 00. Thus, a slope of 20 percent is a 
drop of 20 feet in 100 feet of horizontal distance. In 
the survey the following slope classes are 
recognized: 

Percent 
Nearly level.. ........................................................... 0 to 3 
Gently sloping ......................................................... 1 to 9 
Moderately sloping ............................................... 5 to 17 
Moderately steep .................................................. 9 to 30 
Very steep ........................................................... 20 to 75 
Extremely steep ......................................... More than 75 

Sloughed till. Water-saturated till that has flowed slowly 
downhill from its original place .. of deposit by glacial 
ice. It may rest on other till, on glacial outwash, or 
on a glaciolacustrine deposit. 

Slow Intake (in tables). The slow movement of water 
into the soil. 

Slow refill (in tables). The slow filling of ponds, resulting 
from restricted permeability in the soil. 
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Small stones (in tables). Rock fragments less than 3 
inches (7.5 centimeters) in diameter. Small stones 
adversely affect the specified use of the soil. 

Sodicity. The degree to which a soil is affected by 
exchangeable sodium. Sodicity is expressed as a 
sodium absorption ratio (SAR) of a saturation 
extract, or the ratio of Na+ to ca++ + Mg++. The 
degrees of sodicity are-

SAR 
Slight... ..................................................... Less than 13:1 
Moderate .............................................................. 13-30:1 
Strong ...................................................... More than 30:1 

Soil. A natural, three-dimensional body at the earth's 
surface. It is capable of supporting plants and has 
properties resulting from the integrated effect of 
climate and living matter acting on earthy parent 
material, as conditioned by relief over periods of 
time. 

Soil separates. Mineral particles less than 2 mm in 
equivalent diameter and ranging between specified 
size limits. The names and sizes of separates 
recognized in the United States are as follows: 

Millime-
ters 

Very coarse sand ............................................. 2.0 to 1.0 
Coarse sand ..................................................... 1.0 to 0.5 
Medium sand .................................................. 0.5 to 0.25 
Fine sand ...................................................... 0.25 to 0.10 
Very fine sand .............................................. 0.10 to 0.05 
Silt. ............................................................... 0.05 to 0.002 
Clay .......................................................... less than 0.002 

Solum. The upper part of a soil profile, above the C 
horizon, in which the processes of soil formation are 
active. The solum in soil consists of the A and 8 
horizons. Generally, the characteristics of the 
material in these horizons are unlike those of the 
underlying material. The living roots and plant and 
animal activities are largely confined to the solum. 

Stone line. A concentration of coarse fragments in a 
soil. Generally it is indicative of an old weathered 
surface. In a cross section, the line may be one 
fragment or more thick. It generally overlies material 
that weathered in place and is overlain by recent 
sediment of variable thickness. 

Stones. Rock fragments 1 0 to 24 inches (25 to 60 
centimeters) in diameter. 

Stony. Refers to a soil containing stones in numbers 
that interfere with or prevent tillage. 

Stripcropping. Growing crops in a systematic 
arrangement of strips or bands which provide 
vegetative barriers to wind and water erosion. 
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Structure, soli. The arrangement of primary soil 
particles into compound particles or aggregates. The 
principal forms of soil structure are-platy 
(laminated), prismatic (vertical axis of aggregates 
longer than horizontal), columnar (prisms with 
rounded tops), blocky (angular or subangular), and 
granular. Structureless soils are either single grained 
(each grain by itself, as in dune sand) or massive 
(the particles adhering without any regular cleavage, 
as in many hardpans). 

Stubble mulch. Stubble or other crop residue left on the 
soil or partly worked into the soil. It protects the soil 
from wind and water erosion after harvest, during 
preparation of a seedbed for the next crop, and 
during the early growing period of the new crop. 

Subsoil. Technically, the 8 horizon; roughly, the part of 
the solum below plow depth. 

Subsolllng. Tilling a soil below normal plow depth, 
ordinarily to shatter a hardpan or claypan. 

Substratum. The part of the soil below the solum. 

Subsurface layer. Technically, the A2 horizon. Generally 
refers to a leached horizon lighter in color and lower 
in content of organic matter than the overlying 
surface layer. 

Summer fallow. The tillage of uncropped land during 
the summer to control weeds and allow storage of 
moisture in the soil for the growth of a later crop. A 
practice common in semiarid regions, where annual 
precipitation is not enough to produce a crop every 
year. Summer fallow is frequently practiced before 
planting winter grain. 

Surface layer. The soil ordinarily moved in tillage, or its 
equivalent in uncultivated soil, ranging in depth from 
4 to 10 inches (1 0 to 25 centimeters). Frequently 
designated as the "plow layer," or the "Ap horizon." 

Taxadjuncts. Soils that cannot be classified in a series 
recognized in the classification system. Such soils 
are named for a series they strongly resemble and 
are designated as taxadjuncts to that series 
because they differ in ways too small to be of 
consequence in interpreting their use and behavior. 

Terminal moraine. A belt of thick glacial drift that 
generally marks the termination of important glacial 
advances. 

Terrace. An embankment, or ridge, constructed across 
sloping soils on the contour or at a slight angle to 
the contour. The terrace intercepts surface runoff so 
that water soaks into the soil or flows slowly to a 
prepared outlet. A terrace in a field is generally built 
so that the field can be farmed. A terrace intended 
mainly for drainage has a deep channel that is 
maintained in permanent sod. 

Terrace (geologic). An old alluvial plain, ordinarily flat or 
undulating, bordering a river, a lake, or the sea. 



216 

Texture, soli. The relative proportions of sand, silt, and 
clay particles in a mass of soil. The basic textural 
classes, in order of increasing proportion of fine 
particles, are sand, loamy sand, sandy loam, loam, 
silt loam, silt, sandy clay loam, clay loam, silty clay 
loam, sandy clay, silty clay, and clay. The sand, 
loamy sand, and sandy loam classes may be further 
divided by specifying "coarse," "fine," or "very 
fine." 

Thin layer (in tables). Otherwise suitable soil material 
too thin for the specified use. 

Till plain. An extensive flat to undulating area underlain 
by glacial till. 

Tilth, soli. The physical condition of the soil as related 
to tillage, seedbed preparation, seedling emergence, 
and root penetration. 

Toe slope. The outermost inclined surface at the base 
of a hill; part of a foot slope. 

Too arid (in tables). The soil is dry most of the time, and 
vegetation is difficult to establish. 

Topsoil. The upper part of the soil, which is the most 
favorable material for plant growth. It is ordinarily 
rich in organic matter and is used to topdress 
roadbanks, lawns, and land 'affected by mining. 

Trace elements. Chemical elements, for example, zinc, 
cobalt, manganese, copper, and iron, are in soils in 
extremely small amounts. They are essential to plant 
growth. 

Tuff. A compacted deposit that is 50 percent or more 
volcanic ash and dust. 

Unstable fill (in tables). Risk of caving or sloughing on 
banks of fill material. 

Upland (geology). Land at a higher elevation, in general, 
than the alluvial plain or stream terrace; land above 
the lowlands along streams. 

Valley fill. In glaciated regions, material deposited in 
stream valleys by glacial melt water. In nonglaciated 
regions, alluvium deposited by heavily loaded 
streams. 

Variant, soli. A soil having properties sufficiently 
different from those of other known soils to justify a 
new series name, but occurring in such a limited 
geographic area that creation of a new series is not 
justified. 

Variegation. Refers to patterns of contrasting colors 
assumed to be inherited from the parent material 
rather than to be the result of poor drainage. 

Varve. A sedimentary layer or a lamina or sequence of 
laminae deposited in a body of still water witllin a 
year. Specifically, a thin pair of graded 
glaciolacustrine layers seasonally deposited, usually 
by melt water streams, in a glacial lake or other 
body of still water in front of a glacier. 

Weathering. All physical and chemical changes 
produced in rocks or other deposits at or near the 
earth's surface by atmospheric agents. These 
changes result in disintegration and decomposition 
of the material. 

Well graded. Refers to soil material consisting of coarse 
grained particles that are well distributed over a wide 
range in size or diameter. Such soil normally can be 
easily increased in density and bearing properties by 
compaction. Contrasts with poorly graded soil. 

Wilting point (or permanent wilting point). The 
moisture content of soil, on an ovendry basis, at 
which a plant (specifically sunflower) wilts so much 
that it does not recover when placed in a humid, 
dark chamber. 
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Introduction to the Assessment 
Purpose 
The Gila National Forest is in the process of revising a land and resource management plan that has been 
in place since 1986. The 2012 Planning Rule (36 CFR 219) provides the framework to create local land 
management plans for national forests and grasslands across the nation. The rule establishes an ongoing, 
three-phase process: 1) assessment; 2) plan development or revision; and 3) implementation and 
monitoring.  

The 2012 Planning Rule is intended to create a plan that guides resource management on the Gila National 
Forest within the context of the broader landscape. It takes an integrated and holistic approach that 
recognizes the interdependence of ecological, social, cultural and economic systems. Collaboration with 
stakeholders and process transparency are key components of this approach.  

This document represents the assessment phase of the process. It is designed to rapidly evaluate 
information about ecological, economic and social conditions, trends, and sustainability relative to the 15 
assessment topics listed in 36 CFR 219.6(b), and their relationships to the current land management plan. 
The approach uses the best available scientific information and local knowledge to inform the process. 
This assessment report is not a decision making document, but provides current information on 
assessment topics. The conditions and trends found in the assessment report will help to identify the 
current Forest Plan’s need for change, and aid in the development of the revised plan. The revised Gila 
National Forest’s Land and Resource Management Plan, also known as the Forest Plan, will consider a full 
range of multiple uses.  

Throughout this document, the Gila National Forest is referred to as “Gila NF”, the “Forest”, or the “plan 
area”. The Gila National Forest Land and Resource Management Plan (USDA FS Gila NF 1986) is referred 
to as the “Gila NF Plan” or “Forest Plan”.  

This introductory chapter includes an Ecosystem Services Framework section that describes how the 
ecological, social, cultural and economic assessments are interrelated and dependent on one another to 
provide for multiple use and sustained yield. An explanation of what is considered to be the best available 
scientific information follows. The Public Participation and Tribal Engagement sections describe the variety 
of ways the Gila NF has interacted with tribes and stakeholders in the early stages of the forest plan 
revision process. The Consideration of Existing Plans section identifies governmental or non-governmental 
land and resource management plans containing information relevant to the Gila NF Plan assessment and 
revision.   
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The Setting and Distinctive Features describes the physical characteristics and setting of the Forest, and 
its place within the broader landscape. 

Section I. Ecological Integrity and Sustainability examines the conditions, trends and risks to integrity and 
sustainability for the five ecological resource areas identified in the 2012 Planning Rule (36 CFR 219.6(b)). 
Within this section, an ecological assessment of upland vegetation, soils, carbon, air, water, riparian, 
aquatic and at-risk species is conducted to understand current conditions and trends. These assessments 
conclude with an evaluation of risk for loss of integrity and sustainability which forms the basis for 
determining whether or not there is a need for change in the current Forest Plan to change management 
direction.  

Section II. Social, Economic and Cultural Sustainability assesses conditions, trends and risks to 
sustainability for the ten social, cultural and economic based topic areas identified in the 2012 Planning 
Rule (36 CFR 219.6(b)). It assesses the goods and services obtained from the Gila NF which provide social, 
economic and cultural benefits to people and communities. It considers the current condition of the goods 
and/or services, drivers or stressors affecting demand or availability, the current ecological condition and 
trend of the resource(s) providing the goods and/or services, and the relationship between on and off 
Forest conditions. Each chapter concludes by identifying issues of concern, or risks that may prevent the 
sustainability of the goods and/or service, which forms the basis for determining whether or not there is 
a need for change in the current Forest Plan to change management direction.  

Ecological integrity and sustainability on the Gila NF, and the Forest’s ability to contribute to social, cultural 
and economic conditions are intricately connected and interdependent. Because of this connection and 
interdependence, there is considerable cross-referencing between chapters. References can be found 
toward the end of the report. 

Forest Setting and Distinctive Features 
The Gila NF lies in southern Catron, northern Grant, western Sierra and extreme northeastern Hidalgo 
counties in southwestern New Mexico. It was established in 1899 and covers approximately 3.3 million 
acres of public land, making it the sixth largest National Forest in the continental United State. Twenty four 
percent of the Forest area is composed of the Gila, Aldo Leopold and Blue Range Wildernesses. The Gila 
Wilderness was administratively established in 1924 by the U.S. federal government as the first designated 
wilderness. The Aldo and Blue Range Wildernesses were later established in 1980. The Forest Supervisor’s 
office is located in Silver City, New Mexico with six ranger district offices in Glenwood, Mimbres, Quemado, 
Reserve, Silver City and Truth or Consequences.  Figure 1 provides a vicinity map.  

The Forest has 12 mountain ranges and an elevational range of 4,160 to 10,770 feet. Annual precipitation 
ranges from approximately 11 inches on the northern end of the Forest near Quemado and on the very 
southern end of the Black Range to over 35 inches in the higher elevations of the Black Range and 
Mogollon Mountains. The Forest includes semi-desert grasslands and shrublands, woodlands, ponderosa 
pine, mixed conifer and spruce-fir life zones. Major streams include the Mimbres River, the Gila River and 
its tributary the San Francisco River. 

The Forest provides habitat for elk, deer, pronghorn, bighorn sheep, javelina, coatimundi, turkey, bear and 
mountain lion and many other wildlife species. Habitats across the Forest also support many endangered, 
threatened or candidate species such as Gila trout, spikedace, loach minnow, Chiricahua leopard frog, 
southwestern willow flycatcher, Mexican gray wolf, Mexican spotted owl and others.  

The Forest has a rich cultural history with archaeological resources reflecting a 13,000 year occupational 
time period. At present, the Catron, Grant, Hidalgo and Sierra Counties are home to just over 50,000 
people, who rely on the Forest to varying degrees as a source of sustenance. This has manifested through 
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various means ranging from utilizing the natural resources on the Forest for livelihood; creating 
community synergy around issues and events; offering a place for groups to commune, work, and recreate 
together; to providing solitude, peace, and relaxation for individuals who want to get away from the social 
pressures and pace of their everyday world.  While ways and means may have changed over time, people 
enjoy all manner of activities on the Forest.  Firewood gathering is an important traditional activity as 
many local residents still rely on wood to heat their homes during the cold winter months. Permitted 
livestock grazing, hunting and outfitting and guiding are also long-standing traditions. The Forest also 
provides outdoor recreational activities for both area residents and tourists.  Forest management 
continues to bring communities together over issues that affect them or to foster involvement through 
volunteer work on their favorite part of the Forest. All of these uses help maintain social cultures and 
longstanding traditions. 

 
Figure 1. Location of the Gila National Forest. 
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Ecosystem Services Framework 
Ecosystem services are a product of functioning ecosystems that affect social, cultural and economic 
conditions. They are the goods and services that people enjoy or benefit from, including but not limited 
to scenic views, fish and wildlife, recreation opportunities, food, forage, fiber, fuel, energy, clean water, 
timber, carbon storage, flood control, and disease regulation. The Millennium Ecosystem Assessment 
(MEA 2005) has served as the motivation for applying the ecosystem services concept to national forest 
and grassland management. Ecosystem services are grouped into four broad categories: 

 Supporting ecosystem services are those that are necessary for the production of other ecosystem 
services, such as pollination, seed dispersal, soil formation and nutrient cycling. 

 Regulating ecosystem services are the benefits people obtain from the regulation of ecosystem 
processes. Climate regulation, water filtration and purification, soil stabilization, flood control, and 
disease regulation are a few examples. 

 Provisioning ecosystem services are the products people obtain from ecosystems, such as clean 
air, fresh water, energy, food, fuel, forage, wood products and minerals.  

 Cultural ecosystem services are the nonmaterial benefits people obtain from ecosystems such as 
educational, aesthetic, spiritual and cultural heritage values, and recreational experiences.  

Management of the ecological systems on the Gila NF will influence its ability to support some ecosystem 
services. For example, a regulating service such as flood control, can have important consequences both 
within and beyond the plan area. Ecosystem services that are important within the broader landscape and 
are likely to be influenced by the land management plan are the focus of the assessment and ultimately, 
plan revision (FSH 1909.12, Chap. 10, Sec. 13.12). Use of the ecosystem services concept and analysis of 
ecosystem services are integrated throughout the assessment. 

Best Available Scientific Information  
The assessment is based on the best available scientific information (BASI) that has been determined 
to be accurate, reliable, and relevant to the issues being considered (FSH 1909.12, Chap. 0, Sec. 07). 
Throughout the assessment process, relevant ecological, social, and economic scientific information 
was identified, documented, and evaluated to form a basis for the development of plan components 
and other plan information. The Gila NF has provided opportunities for public and governmental 
participation, inviting submission of information, including scientific information that may be relevant 

to the planning process.  

The scientific information determined to be the BASI is identified throughout this assessment. How the 
BASI was used to inform the assessment is discussed as each issue is considered.  A list of references is 

provided at the end of the report.  Among the scientific information that may be considered the BASI are: 

 Peer reviewed articles 

 Scientific assessments 

 Other scientific information, including, expert opinion, panel consensus, inventories, and 
observational data 

 Data prepared and managed by the Forest Service or other federal agencies. This information 
may include monitoring results, information in spatially referenced databases, data about the 
lands and resources of the plan area, and various types of statistical or observational data. 

 Scientific information prepared by universities, national networks, and other reputable 
scientific organizations 
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 Data or information from public and governmental participation (FSH 1909.12, Chap. 0, Sec. 
07.13) 

Not all scientific information is the BASI (FSH 1909.12, Chap. 0, Sec. 07.12). The BASI was determined 
according to the following three criteria: 

1. Accurate. To be accurate, the scientific information must estimate, identify, or describe the true 
condition of its subject matter. This description of the true conditions may be a measurement of 
specific conditions, a description of operating behaviors (physical, biological, social, or economic), 
or an estimation of trends. Statistically accurate information is near to the true value of its subject, 
quantitatively unbiased, and free of error in its methods. The extent to which scientific information 
is accurate depends on the relationship of the scientific findings to supportable evidence that 
identifies the relative accuracy or uncertainty of those findings. The accuracy of scientific 
information can be more easily evaluated if reliable statistical or other scientific methods have 
been used to establish the accuracy or uncertainty of any findings relevant to the planning 
process. 

 

2. Reliable. Reliability reflects how appropriately the scientific methods have been applied and how 
consistent the resulting information is with established scientific principles. The scientific 
information is more reliable if it results from an appropriate study design and well-developed 
scientific methods that are clearly described. The assumptions, analytical techniques, and 
conclusions are well referenced with citations to relevant, credible literature, and other pertinent 
existing information. Conclusions are based on reasonable assumptions that are supported by 
other studies and are consistent with the general theory underlying those assumptions or are 
logically and reasonably derived from the data presented. Any gaps in information and 
inconsistencies with other pertinent scientific information are adequately explained. 

 

Scientific information that describes statistical or other scientific methods used to determine both 
its accuracy and uncertainty can be considered more reliable. The use of quantitative analysis that 
has known (and quantifiable) rates of errors and results improves this reliability. An accuracy 
assessment of the data supports the reliability of the quantitative analysis. 

 

The application of quality control to the scientific information also improves the reliability of the 
information. One form of quality control is peer review when scientific information has been 
critically reviewed by qualified scientific experts in that discipline and the criticism provided by 
the experts has been addressed by the proponents of the information. Publication in a refereed 
scientific journal usually indicates that the information has been appropriately peer reviewed. 

 
3. Relevant. The information must pertain to the issues under consideration at spatial and temporal 

scales appropriate to the plan area and to a land management plan. Relevance in the assessment 
phase is scientific information that is relevant to providing information, including conditions and 
trends, about the 15 topics in 36 CFR 219(b) or to the sustainability of social, economic, or 
ecological systems (36 CFR 36 219.5(a)(1)). Relevance in the planning phase is scientific 
information pertinent to the plan area or issues being considered for the development of plan 
components or other plan content. (FSH 1909.12, Chap. 0, Sec. 07.12) 

 
The BASI is not always a single source of scientific information that is “best” for a specific subject. 
When scientific consensus does not exist, the BASI may be from multiple sources and may recognize 

conflicting scientific information (FSH 1909.12, Chap. 0, Sec. 07.12). 
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Public Participation 
Public participation in the planning process began prior to the May 2015 publication of a Public Notice in 
the Federal Register that marked the official start of the assessment. Briefings were provided to Catron, 
Grant, Hidalgo and Sierra County Commissions in 2015. A series of community conversations were held in 
March 2015 at Quemado, Reserve, Glenwood, Silver City, Mimbres and Truth or Consequences. The 
desired outcomes of these conversations were to introduce forest plan revision, identify expectations, 
opportunities and methods for communication and engagement, and build or enhance relationships 
between the Gila NF and its stakeholders. A Gila NF representative also attended a public meeting hosted 
by the Lincoln National Forest in Las Cruces in March 2015.  

These initial conversations were facilitated by the National Collaboration Cadre. The Cadre is a network of 
people from around the United States who provide coaching and training assistance to national forests 
and their communities who are interested in understanding, developing and improving collaborative 
processes. Cadre members’ experience range from Forest Service staff in all types of positions; local 
municipal and county government, both elected and staff; non-profit regional associations; to academics 
and project consultants. All members have worked for and/or with the Forest Service at varying points in 
their careers and from different perspectives.  

Participants shared ideas, concerns, facts and dates related to the Gila NF that were significant to their 
communities and important for the Gila NF staff to be aware of through an exercise known as the 
Generations Wall. This exercise helped create an open dialog and provided the Gila NF staff a better 
understanding of local perspectives on national, regional and local Forest Service management history, 
values, current conditions, trends, threats and future desired conditions as they relate to the Gila NF and 
its communities. Expectations related to communication and engagement in the revision process were 
discussed in small groups including the expectations participants have of the Gila NF, expectations the Gila 
NF has of stakeholders, and the expectations stakeholders have of each other. Participants were asked to 
identify the best ways to engage them and their communities in the plan revision process and the 
preferred methods of sharing information and keeping people informed. They were also asked to identify 
any individuals or groups that were not in attendance or not represented and how those connections 
might be made. The information shared during these meetings were used to develop the Forest’s Pubic 
Participation Strategy. The Public Participation Strategy and summaries of these conversations are 
available on the Gila NF’s Plan Revision webpage at http://go.usa.gov/h88k.  

After March 2015, the Gila NF presented on plan revision at 35 governmental and organizational meetings 
at the request of those self-convening groups. Informational booths at over 15 special events such as 
county fairs have been an ongoing way to share materials summarizing the plan revision process.  On-line 
and interactive classroom sessions to engage Grant County youth and educators were conducted by Dr. 
Kathy Whiteman of Western New Mexico University. Input gathered from youth and educators revealed 
that existing designated areas, at-risk species, air, soil, water, ecosystems and ecosystem processes were 
considered the most important assessment topics. Fire damage, poor trail maintenance, human impact, 
and off-road vehicle use were areas of concern. Education, public involvement and partnerships were 
identified as opportunities to promote the best possible future outcomes of plan revision. Whiteman’s 
report is included as Appendix F to the Assessment Input document on the Gila NF’s Plan Revision 
webpage. 

Another round of public meetings at the same locations was held in August 2015 to gather input for the 
assessment phase of plan revision. These meetings were facilitated by Karen Yori from Blue Earth 
Ecological Consultants, Inc. based in Santa Fe, NM. Participants were provided an overview of the 
assessment process, including the 15 topics identified in the 2012 Planning Rule and were asked two 
questions:  

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3837420.pdf
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3837276.pdf
http://go.usa.gov/h88k
http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd490865.pdf
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1) For the assessment topics that are most important to you, what current conditions and trends 
have you seen on the Gila?  

2) What are your concerns associated with the conditions and trends you mentioned, and what may 
be some of the opportunities in those areas?  

Opportunities were also provided for stakeholders to share knowledge, plans, and data for the assessment.  
These meeting materials and questions also went out in emails or written letters to stakeholders on the 
Gila NF’s plan revision contact list that were not able to attend any of the meetings. The input gathered at 
these meetings and received via email or written response is available on the Gila NF’s Plan Revision 
webpage in the document titled “Assessment Input” (USDA FS Gila NF 2015a). It is also used in the 
development of parts of the ecological, and social, cultural and economic sections of the assessment 
including a section devoted to stakeholder input in most chapters. These summaries build on the March 
2015 conversations, describing how stakeholders value and use the Forest, how they understand Forest 
Service management and how they see the Gila NF of the future. Where there is broad agreement 
between stakeholder perspectives and assessment findings, there is confidence in moving forward. 
Whereas disagreement between stakeholder perspectives and assessment findings indicate potential 
opportunities for additional dialogue.  

In February 2016, the Gila NF and the Southwestern Regional Office participated in the 6th Natural History 
of the Gila Symposium hosted by Western New Mexico University. A notice and invitation were sent out 
to the entire Forest plan revision contact list. Ecological assessment data and analysis approaches were 
presented, including: an overview of forest plan revision, the analysis framework, state and transition 
modeling, vegetation, soil, water, at-risk species and a history of insects and disease.  

The Forest released the draft assessment report in September 2016 and draft need-for-change document 
in October 2016 to the public and other stakeholders for feedback.  A need-for-change paints a picture of 
the strategic changes in current management direction necessary to address issues identified by the 
assessment report.  Community meetings were held in communities surrounding the Forest (including Las 
Cruces) in late October to early November 2016 to discuss assessment key findings, collaborate to 
determine needs-for-change to the current plan, and continue the dialogue between the Forest and 
nearby residents, users, and interested individuals.  Meeting materials were posted online to provide an 
opportunity for people that couldn’t attend the meetings to be able to view the posters capturing some 
of the highlights from the assessment, and to contribute by providing feedback on draft assessment 
findings and needs-for-change to the existing 1986 Forest Plan. The Forest received 78 emails, letters, 
and forms providing feedback on the draft assessment report and need-for-change document, which were 
all considered as the Gila NF revised and finalized the documents. 

The final needs-for-change will be summarized in the Federal Register in early 2017 along with a notice of 
intent to develop a revised forest plan.  These needs-for-change statements provide focus for the second 
phase of planning – the development of the revised plan – where plan components are created to help 
ensure management meets desired conditions for each resource. 

Tribal Engagement 
The Gila National Forest maintains a governmental relationship with ten federally recognized Indian tribes, 
also directly contacting specific bands within those tribes that live nearby.  All of these groups have been 
contacted by mail and by phone in regards to Forest Plan Revision.  Face-to-face consultation has occurred 
with four tribes so far during the assessment phase.  We hope that as the Forest Plan Revision process 
progresses that we will have substantive conversations with all ten tribes, developing a growing 

http://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd490865.pdf
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understanding of their vision of how we can best partner with them and how this landscape should best 
be managed into the future. 

Topics of conversation with tribes during this phase covered a range of topics.  Tribes discussed concerns 
about climate change, the importance of forest restoration, and an appreciation of recent travel 
management efforts, which hopefully reduce resource degradation and habitat fragmentation.  There was 
some discussion of hunting and gathering on-Forest.  Cultural resource management issues discussed 
included: research interests and concerns, and opportunities for tribal involvement in interpretation of 
cultural sites for Forest visitors.  Another major topic was opportunities for tribal youth to be exposed to 
the traditional lands that are now part of the Gila National Forest, either through educational activities 
(on the ground or virtual), through working with other researchers, or as employees.  Other Forests have 
solicited the tribes regarding their concerns and interests in forest management; comments they have 
received have reflected similar concerns and interests.  Specific comments have been received by other 
Forests about concerns over increased development, impacts to resources from off-road travel, the 
environmental and cultural impacts of mining, chemical treatments of native plants, and protection of 
agave.  We anticipate continued tribal involvement throughout the plan revision process and anticipate 
that the revised plan will emphasize mutually beneficial relationships between the Forest and Tribes. 

Consideration of Existing Plans 
The Gila NF will consider relevant, existing plans when developing the revised plan to look for 
opportunities to increase compatibility and reduce conflict. Plans and plan assessments identified for 
consideration include, but are not limited to: 

 Catron, Grant, Hidalgo and Sierra County Master Plans 

 Cities of Lordsburg, Truth or Consequences, and Town of Silver City Comprehensive Plans 

 New Mexico Department of Game and Fish Comprehensive Wildlife Conservation Strategy 

 New Mexico Draft State Wildlife Action Plan 

 New Mexico Statewide Fisheries Management Plan 

 U.S. Fish and Wildlife Service Recovery Plans 

 New Mexico State Implementation Plan (Air Quality) 

 New Mexico Forest and Watershed Health Plan 

 New Mexico Statewide Natural Resources Assessment & Strategy and Response Plan 

 Socorro-Sierra and Southwest New Mexico Regional Water Plans 

 New Mexico State Water Plan 

 New Mexico Statewide Water Quality Management Plan and Nonpoint Source Management Plan 

 Soil and Water Conservation District Plans 

 Bureau of Land Management Resource Management Plans 

 Community Wildfire Protection Plans 

 New Mexico Statewide Outdoor Recreation Plan 

 Silver City Greenways Trail Master Plan 

 New Mexico Department of Transportation Long Range Transportation Plan 

 Other National Forests’ Land and Resource Management Plans and Plan Revisions 
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Chapter 1. Ecological Integrity and Sustainability 
Introduction 
An ecosystem is a spatially explicit, relatively homogeneous unit of the Earth that includes all inter-acting 
organisms and elements of the abiotic environment within its boundaries (36 CFR 219.19). Ecosystem or 
ecological integrity is the quality or condition of an ecosystem, when its dominant ecological 
characteristics (e.g., composition, structure, function, connectivity, and species composition and diversity) 
occur within the natural range of variation and can withstand or recover from disturbances imposed by 
natural environmental dynamics or human influence. Ecosystem sustainability is the capability of an 
ecosystem to maintain ecological integrity and meet the needs of the present generation, without 
compromising the ability to meet their needs of future generations (36 CFR 219.19).  

Structure of the Ecological Section 
This introductory chapter defines and describes the general concepts and approach to the ecological 
assessment outlined in the Forest Service directives that accompany the 2012 Planning Rule including: key 
ecosystem characteristics; reference conditions, departure and trend; risk to ecological integrity and 
sustainability; system drivers and stressors; and spatial scales of analysis. The Ecological Response Unit 
(ERU) framework developed and employed by the Forest Service Southwestern Region and stakeholder 
input relevant to the general approach to assessing ecological integrity and sustainability is also presented. 
After the introductory chapter, the section proceeds with the assessment of key ecosystem characteristics 
relative to upland vegetation, baseline carbon stocks, upland soils, air, water, riparian, aquatic and at-risk 
species (i.e. resource areas). Each resource area chapter describes: ecosystem services; the data and 
analysis approach, including disclosure of assumptions, limitations and uncertainty; reference and current 
conditions, and trends related to key ecosystem characteristics; pertinent system drivers and stressors;  
evaluation of risk related to each characteristic; and stakeholder input received during the assessment. 
The structure of each of these chapters varies to accommodate the data, analysis methods and 
requirements of the 2012 planning rule and directives. Following the resource area chapters is a chapter 
describing the reference, historic and current system drivers and stressors, and their ecological effects and 
influence on departure, trend and risk associated with key ecosystem characteristics.  

Key Ecosystem Characteristics 
Ecological integrity is a relatively simple concept to define, but more difficult in practice to assess. 
Ecosystem characteristics are specific components of ecological conditions that sustain ecological integrity 
(FSH 1909.12, Chap. 10). A key ecosystem characteristic describes the composition, structure, connectivity, 
and/or function of an ecosystem. Key ecosystem characteristics are identified and evaluated for each 
ecosystem, but not all possible characteristics of ecosystems are identified or evaluated. Only those 
characteristics needed to provide the conditions necessary to maintain or restore the ecological integrity 
of terrestrial, aquatic, and riparian ecosystems in the plan area are considered (36 CFR 219.8). A limited 
suite of characteristics are selected to assess ecological integrity based on whether or not the 
characteristic is relevant and/or needed to assess other characteristics (e.g. at-risk species and habitat), 
and if information is readily available. 

Reference Conditions, Departure and Trend 
In order to manage the ecosystems of today, it is helpful to know as much as possible about past ecosystem 
conditions (Moore et al. 1999; Friederici 2004) and the processes that supported those conditions. Such 
conditions were not unchanging, but were sustained across what has been called a “natural range of 
variability” (NRV) (Falk 1990; Landres et al. 1999), alternately referred to as the “historic range of 



Chapter 1. Ecological Integrity and Sustainability 

 
Gila National Forest Assessment Report – Final  12 

variability” (HRV). The NRV is part of the definition of ecological integrity (FSH 1909.12, zero code, sec. 
05).  

According to Schussman and Smith (2006a; 2006b), NRV is a description of change over time and space in 
the ecological condition of an ecosystem type, and the ecological processes that shape those types. The 
final Forest Service directives that accompany the 2012 Planning Rule define NRV as those conditions that 
pre-date European settlement as it is sufficiently long enough to include the full range of variation 
produced by dominant natural disturbance regimes such as fire and flooding, as well as short-term 
variation and cycles in climate (FSH 1909.12, zero code, sec. 05). Furthermore, the directives specify NRV 
as the preferred ecological reference model upon which to assess current conditions and ecological 
integrity (FSH 1909.12, Chap. 10, sec. 12.14). . The NRV concept is supported in the scientific literature 
(Dillon et al. 2005; Winthers et al. 2005, Weins et al. 2012, among others).   

Where the characteristic or the data describing it do not lend themselves to the NRV approach to reference 
conditions, alternative approaches to defining the reference condition may be used based on the current 
understanding of conditions that would sustain ecological integrity (FSH 1909.12, Chap. 10, Sec. 12.14b). 
Those alternative reference conditions are described in the chapter in which they are used. 

The comparison between reference and current conditions is used to determine the degree of departure 
and whether the trend is away or toward reference. Departure measures the degree to which the current 
condition of a key ecosystem characteristic is similar or dissimilar to the reference condition. When 
departure can be quantified, it is rated in this assessment on a scale from 0 to 100 percent, where 0 to 33 
percent is considered “low” and within NRV, 34 to 66 percent is considered “moderate” departure from 
NRV, and 67-100 percent is considered “high” departure from NRV. Trends are a projection of future 
conditions under current disturbance and management activities, and may be described as “toward 
reference”, “away from reference”, or “static”. In many cases, trends cannot be identified given the nature 
of the data.  

The NRV or alternate approach to reference conditions are tools for assessing ecological integrity but do 
not necessarily constitute a management target or desired condition (FSH 1909.12, Chap. 10, sec. 12.14a,) 
although they may potentially help identify ecological characteristics for the maintenance, restoration and 
monitoring of ecosystems. In some ecosystems and/or for some key characteristics, it may not be either 
possible, feasible, sustainable, or desirable to return to NRV given the ecological changes that have 
occurred due to past management or are expected to occur with climate change.  Desired conditions and 
management targets will be developed during the next phase of plan revision when the revised plan is 
developed and National Environmental Policy Act (NEPA) analysis is conducted. Development of desired 
conditions will be a collaborative effort involving the Gila NF staff, other federal agencies, state and local 
governments, non-governmental organizations and other interested and/or affected communities and 
individuals.   

System Drivers and Stressors 
System drivers are factors or processes that act on ecosystem characteristics and contribute to the natural 
or historic range of variability in conditions. Examples include natural vegetation succession, predominant 
climatic regime, and broad-scale disturbance regimes such as wildfire, flooding and insects and disease. 
Stressors are natural or human caused alterations in system drivers that may directly or indirectly threaten 
ecological integrity and sustainability. Examples include invasive species, altered fire regimes, and climate 
change. Examining system drivers and stressors across the reference and current time periods provides 
the “why” to the departure and trend analysis and informs the preliminary ecological need for change. 
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Management actions may act as system drivers or stressors, or both, depending on the ecosystem 
characteristic(s), site conditions, and the timing, frequency, duration, intensity, and extent of those 
actions. These actions may include but are not limited to: timber harvest, prescribed fire, permitted 
livestock grazing, water developments, seeding, and road construction.  In some cases, past management 
policies and practices that are no longer in place (i.e. historic fire suppression and overgrazing) remain 
stressors to the present day because of the alterations to ecological processes that resulted. These 
alterations are referred to as legacies of past management.  

The System Drivers and Stressors Chapter 9 is dedicated to this topic and is referred to throughout this 
section. Drivers and stressors that may exist but are not included in that chapter are identified and 
discussed relative to the specific characteristic(s) to which they apply. 

Assessing Risk to Ecological Integrity and Sustainability 
Risk is defined by the likelihood and severity of a negative ecological outcome. Ecological risk is the product 
of departure, trends and stressors (threats). The purpose of this assessment is to document whether or 
not the ecological resource characteristics analyzed are at ecological risk or not, and explore contributing 
factors. Risk is assessed on NFS lands, as it relates to systems and processes that are under agency control 
and/or authority. However, to understand risk to those lands, systems, and processes, they are assessed 
in the context of the larger landscape to the extent possible.  

Risk is assessed for each ecosystem characteristic by weighing current departure from reference conditions 
against trend for that resource using a decision matrix. The matrix used to determine risk varies by 
characteristic, available data and the method of analysis. Table 1 provides an example of a decision matrix.   

Table 1. Example of a decision matrix to assess Ecological Response Unit (ERU) risk 

Current ERU Departure from 
Reference Condition 

ERU Trend after 100 Years  
(departure from Reference Condition) 

toward Reference Condition 
(> 5% change) 

static, neither toward nor away 
(± 5% change) 

away from Reference Condition 
(> 5% change) 

significant departure 
(34 - 100%) 

risk addressed; continue 
current management 

potential risk due to legacy of 
past management or deviation 

due to ongoing activities 
potential for high risk 

non-significant departure 
(0 - 33%) 

no risk; continue current 
management 

no risk; continue current 
management 

potential risk 

Individual ecosystem characteristic risk assessments are conducted at multiple spatial scales. The 
“moderate” (34 to 66%) and “high” (67 to 100%) departure classes are outside of NRV, are uncharacteristic 
for the system and considered significant in terms of risk. Where there is significant risk, there is an 
ecological need for change. Risk can be mitigated if the characteristic is within agency authority and control 
or influence, and the trend and condition can be improved or reversed.   

Spatial Scales of Analysis 
Spatial scales to be considered in the analysis by topic should: 1) be sufficiently large to adequately address 
the interrelationships between conditions in the Gila NF and the broader landscape, but not so large that 
these interrelationships lose relevance in guiding land management planning; and 2) consider the extent 
to which ecological attributes of the broader landscape support, or are supported by, conditions in the 
Gila NF. The area of analysis for the assessment should also be large enough to capture: 1) characteristics 
(composition, structure, function, and connectivity) and geographic scale of relevant ecosystems; 2) fire 
and other forms or patterns of disturbance; 3) landform patterns or landtype associations; and 4) plant, 
animal, species, or community distribution and abundance (FSH 1909.12, Chap. 10). In addition, the area 
of analysis should also be large enough to capture broad-scale trends and encompass the natural range of 
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variation in disturbance intensity, frequency, and areal extent. For most characteristics, it is possible and 
valuable to consider multiple scales for the assessment.  

This assessment utilizes three spatial scales: context, plan and local.  Context scale is needed to put the 
Forest’s conditions in perspective with the surrounding landscape, including lands beyond the Forest 
boundary, and is necessary for determining the opportunities or limitation of the Gila NF to contribute to 
the sustainability of broader ecological systems. In some instances, a unique role or “spatial niche” of the 
Gila NF may become apparent at this scale. Context scale analysis can also identify impacts of the broader 
landscape on the sustainability of resources within the plan area (FSH 1909.12, Chap. 10).  

Plan scale displays general current conditions and trends across the Gila NF. This scale drives the ecological 
need for change. Local scale subdivides the plan scale to identify any patterns that could inform priority 
setting.  

The upland vegetation portion of the ecological assessment uses the ecoregion sections and subsections 
of the National Hierarchical Framework of Ecological Units (ECOMAP, 1993; Cleland et al., 1997)1 for the 
context scale, the Gila NF for the plan scale and local units within the Forest delineated based on a rule 
set guiding the aggregation of watersheds. This rule set is included as Appendix A.   

Water and air resource data and analysis do not lend themselves well to the ECOMAP delineations and 
instead, use watersheds and airsheds. The water analysis uses subbasins (4th level watersheds) for context 
scale analysis and watersheds and subwatersheds (5th and 6th level watersheds) for plan scale analysis. 
The local scale analysis uses the same units described above. The air analysis identifies a single relevant 
airshed. These spatial scales are described in more detail in those chapters. 

Ecological Response Unit Framework 
The assessment of terrestrial and riparian ecosystems and at-risk species, including key habitat, vegetation 
and soil characteristics, is stratified using the Ecological Response Unit (ERU) classification system. This 
system was developed and is employed by the USFS Southwestern Region (R3) to facilitate landscape scale 
analysis and planning. The ERU framework represents all major ecological types of R3 and represent a 
stratification of biophysical themes, similar to LANDFIRE biophysical settings. ERUs are map unit constructs 
that combine themes of site potential, historic disturbance regimes, and natural succession (USDA FS 
2015a). Site potential is a term used to describe the characteristic ecological conditions at the latest 
successional state, resulting from interactions among climate, soil, and vegetation. 

While the ERU map is ultimately a remote sensing product, on Forest Service lands the Terrestrial 
Ecological Unit Inventory (TEUI), formerly known as the Terrestrial Ecosystem Survey (TES), is the 
foundational dataset for ERU mapping. This includes data from the Gila NF’s draft TEUI. The TEUI maps 
relationships between climate, soil and vegetation and is described in more detail in the Chapter 4: Soil. 

                                                      
1 Ecoregions are ecosystems of regional extent. Using the National Hierarchical Framework of Ecological Units (ECOMAP, 1993; 
Cleland et al., 1997) an analysis of the landscapes surrounding the Gila NF was completed using the ecological section and 
subsection units. This broad-scale analysis was done to set the context for the contributions the Gila NF makes to ecological 
sustainability. As described by Bailey (1980, 1983, 1985, 1998), ecoregions distinguish areas that share common climatic and 
vegetation characteristics (Cleland et al., 1997). Ecoregions are subdivided into provinces, which are controlled primarily by 
continental weather patterns such as length of dry season and duration of cold temperatures. Provinces are also characterized 
by similar soils. Sections are a subdivision of provinces, described by broad areas of similar subregional climate, geomorphic 
process, geology, geologic origin, topography, and drainage networks. Such areas are often inferred by relating geologic maps to 
potential natural vegetation "series" groupings such as those mapped by Küchler (1964). Ecological subsections are a further 
division of sections, and described by areas with similar surface geology, geomorphic process, soil groups, subregional climate, 
and potential natural vegetation communities (McNab and Avers, 1994). Because subsections are smaller in size they are more 
useful in planning at a smaller scale. 
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Data from the Southwest Biotic Communities, Integrated Landscape Assessment Project (ILAP), Regional 
Riparian Mapping Project (RMAP), climate gradient analysis and neighbor analysis corrections, as well as 
collaboration with the Universities of Arizona and New Mexico were also important in developing the ERU 
map (USDA FS 2015a). 

Each ERU concept is supported by the best available science describing its distribution, dominant plant 
species, natural disturbances, seral state proportions, coarse woody debris and snags per acres, fire 
regime, and patch size under reference conditions (USDA FS 2015a). The Gila NF contains 14 upland ERUs 
that make up approximately 98 percent of the Forest and 12 riparian ERUs that make approximately two 
percent of the Forest. These ERUs and the percentage of the Forest they represent are displayed in the 
following table. 

Table 2. Ecological Response Units of the Gila National Forest 
Ecological Response Unit Percentage of Gila NF 

Forests  
Ponderosa Pine Forest (PPF) 19 
Mixed Conifer-Frequent Fire Forest (MCD) 12 
Ponderosa Pine-Evergreen Oak Forest (PPE) 12 
Mixed Conifer w/ Aspen Forest (MCW) 2 
Spruce-Fir Forest (SFF) 1 

Woodlands  
Piñon-Juniper Woodland (PJO) 26 
Piñon-Juniper Grass Woodland (PJG) 9 
Juniper-Grass Woodland (JUG) 4 
Madrean Piñon-Oak Woodland (MPO) 1 
Piñon-Juniper/Evergreen Shrub Woodland (PJC) 1 

Shrublands  
Mountain Mahogany Mixed Shrubland 5 

Grasslands  
Montane/Subalpine Grasslands (MSG) 4 
Colorado Plateau/Great Basin Grasslands (CPGB) 3 
Semi-desert Grassland (SDG) 2 

Riparian  
Fremont Cottonwood/Oak (FCO) 0.003 
Fremont Cottonwood/Shrub (FCS) 0.06 
Narrowleaf Cottonwood/Shrub (NCS) 0.7 
Sycamore-Fremont Cottonwood (SFC) 0.2 
Desert Willow (DW) 0.3 
Arizona Alder-Willow (AAW) 0.1 
Upper Montane/Conifer-Willow (UMCW) 0.02 
Willow-Thinleaf Alder (WTA) 0.03 
Ponderosa Pine/Willow (PPW) 0.03 
Herbaceous/Wetland Riparian (HWR) 0.001 
Arizona Walnut (AW) 0.0004 
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Stakeholder Input Received 
Stakeholder input was received with respect to the assessment of ecological integrity and sustainability 
after the release of the draft assessment report.  A few comments received were related to the use of pre-
European settlement conditions as a point of reference and differentiating management activities as 
system drivers or stressors, or both. The perception is that this approach creates a false separation 
between humans, the environment and ecological processes, and fosters the impression of a negative 
relationship between humans and ecological integrity. Furthermore, the assertion is that ecological 
change is a constant and using a pre-European baseline is a “faulty foundation” on which to base future 
land management planning and does not foster integrated resource management.  
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Chapter 2. Upland Vegetation 
Introduction 
This chapter describes and assesses the vegetation component of terrestrial ecosystems within the 
Ecological Response Unit (ERU) framework described in Chapter 1: Ecological Integrity and Sustainability. 
Riparian ERUs are assessed in Chapter 7. Upland ERUs are grouped into forest, woodland, shrubland and 
grassland types as follows: 

 Forest ERUs 

o Spruce-Fir Forest (SFF) 

o Mixed Conifer with Aspen (MCW) 

o Mixed Conifer-Frequent Fire (MCD) 

o Ponderosa Pine Forest (PPF) 

o Ponderosa Pine-Evergreen Oak (PPO) 

 Woodland ERUs 

o Madrean Piñon-Oak Woodland (MPO) 

o Piñon-Juniper/Evergreen Shrub (PJC) 

o Piñon-Juniper Woodland (PJO) 

o Piñon-Juniper Grass (PJG) 

o Juniper Grass (JUG) 

 Shrubland ERU 

o Mountain Mahogany Mixed Shrubland (MMS) 

 Grassland ERUs 

o Montane/Subapline Grasslands (MSG) 

o Colorado Plateau/Great Basin Grassland (CPGB) 

o Semi-desert Grassland (SDG) 

 

First, the ecosystem services of upland vegetation are described, followed by a review of the spatial 
analysis scales and a discussion of how they are used in the analyses presented in this chapter. 
Subsequently, key ecosystem characteristics are defined and described in terms of their importance, 
data and methods used to analyze them. These characteristics are: 

 

 Seral state proportion  

 Patch Size 

 Coarse woody debris 

 Snag density 

 Fire regime  

 Insects and disease 

 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  18 

After the key characteristics, data and analysis methods section, system drivers and stressors are identified 
and discussed before a general description of each ERU and its respective analysis results and 
interpretations are presented. The chapter concludes with an assessment of risk, a chapter summary, and 
a summary of stakeholder input received during the assessment.  

Ecosystem Services of Upland Vegetation 
The diverse upland vegetation across the Gila NF provides many supporting, regulating, provisioning and 
cultural ecosystem services. Vegetative biodiversity supports and reflects the biodiversity in animal life 
that has co-evolved with various plant forms over time. Habitat for wildlife is an important supporting role 
of vegetation communities. The genetic variation inherent in vegetative biodiversity provides a regulatory 
service of system resilience through adaptive vegetation responses to an ever-changing environment, 
including climate changes. Soil formation and nutrient cycling are supported by vegetation. Vegetation is 
the most influential biotic driver of soil formation and the unique ability of plants to create food from the 
energy of the sun through the process of photosynthesis is the foundational support for nutrient cycling 
services. Regulatory services provided by vegetation include water cycling and filtration, erosion control 
and climate regulation. Vegetation moderates the passage of water across landscapes to mitigate floods 
and assists in holding soils in place so they can provide water filtration. Without soil, which is retained in 
part by the interlocking roots of many plants, clean water would be unattainable in the natural 
environment. Through evapo-transpiration, plants contribute to water cycling by pulling water up from 
the ground and releasing it into the air; this moisture contributes significantly to the Southwest’s summer 
monsoon storms. Vegetation provides shade that can mitigate increases in ambient temperature. Climate 
regulation is significant in the maintenance of many organisms, especially those that are immobile.  

Since plants take in carbon dioxide and release oxygen as a byproduct of their respiratory process, they 
provide breathable air as a provisioning service. Forage, traditional foods and medicines, fuel and wood 
products are also provisioning services provided by the vegetation of the Gila NF. Cultural ecosystem 
services are provided by vegetation types and plant species across the forest as they contribute to 
aesthetics, support cultural values and provide opportunities for education, research, recreation, and 
tourism. 

Scales of Analysis 
Recall from Chapter 1: Ecological Integrity and Sustainability that the assessment generally utilizes three 
scales: context, plan and local. This chapter utilizes the cluster of ecoregional subsections (Cleland et al. 
1997)2 that surround the Forest as the context scale. The plan scale of analysis is defined by the Gila NF 
administrative boundary. The local scale of analysis breaks the plan scale into six local units delineated 
based on a rule set guiding the aggregation of watersheds (Appendix A). These local units are named 
Apache, Black Range, Little Colorado-San Agustin Fringe, Lower Gila River, Mogollon Front, and Upper Gila 
River. All scales of analysis, and their relationship with one another is displayed below in Figure 2.  

 

  

                                                      
2 As described by Baile (1980, 1983, 1985, 1998), ecoregions distingues areas that share common climatic and vegetation 
characteristics (Cleland et al. 1997). Ecogregions are subdivided into provinces based on continental weather patterns and 
similarly scaled soil characteristics. Sections are a subdivision of provinces, described by broad areas of similar subregional 
climate, geomorphic process, geology, geologic origin, topography, and drainage networks. Such areas are often inferred by 
relating geologic maps to potential natural vegetation such as those mapped by Küchler (1964). Ecological subsections are a 
further division of sections and described by areas with similar surface geology, geomorphic process, soil groups, subreagional 
climate and potential natural vegetation communities (McNab and Avers 1994). Because subsections are smaller in size, they are 
more useful for the purposes of this assessment.  
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Figure 2. Relationship of the six local scale units within the Gila NF (plan scale); the Forest’s 

relationship to the context scale area; and the context area’s location within in Arizona and New 
Mexico 

The plan scale is used to describe departure and risk to ecological integrity and sustainability potentially 
arising from management under the current (1986) Forest Plan. Local units are used to identify any 
patterns within the Forest that could inform priority setting. With respect to the local units, Table 3 displays 
the size of each and the distribution (number and amount) of each upland ERU contained within.  
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Table 3. Gila NF’s upland ERU acreage distribution at the local unit scale 

Gila NF 
Upland ERUs 

Gila NF Local Units 

Gila NF Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Forests              

PPF 219,333 34.8 62,032 9.8 197,615 31.4 28,408 4.5 32,647 5.2 90,245 14.3 630,280 
MCD 48,327 12.2 100,020 25.2 70,947 17.9 30,165 7.6 60,984 15.4 85,801 21.7 396,244 

PPE 87,665 23.2 54,123 14.3 56,971 15.1 70,161 18.6 36,037 9.5 73,199 19.4 378,156 
MCW 5,098 6.9 17,936 24.3 2,719 3.7 3,089 4.2 19,073 25.8 26,019 35.2 73,934 

SFF 22 0.1 630 2.6 0 0.0 0 0.0 8,710 36.6 14,417 60.6 23,779 

Woodlands              
PJO 97,007 11.4 260,351 30.7 111,055 13.1 191,213 22.5 146,107 17.2 42,707 5.0 848,440 

PJG 65,676 22.5 13,225 4.5 93,597 32.1 33,158 11.4 54,838 18.8 31,155 10.7 291,649 

JUG 422 0.4 0 0.0 0 0.0 39,759 34.8 65,898 57.6 8,317 7.3 114,396 
MPO 855 4.9 252 1.5 869 5.0 0 0.0 13,794 79.5 1,591 9.2 17,361 

PJC 909 8.5 2,100 19.7 1,449 13.6 17 0.2 6,203 58.1 0 0.0 10,678 

Shrubland              
MMS 1,946 1.2 20,577 12.4 151 0.1 45,624 27.4 32,225 19.4 65,965 39.6 166,488 

Grasslands              
MSG 20,028 17.6 6,835 6.0 37,045 32.6 0 0.0 137 0.1 49,740 43.7 113,785 

CPGB 31,992 35.9 214 0.2 38,759 43.5 3,505 3.9 12815 14.4 1,901 2.1 89,186 

SDG 6,424 11.5 1,747 3.1 2,896 5.2 14,982 26.8 28,231 50.4 1,708 3.1 55,988 
Total 585,704 18.2 540,042 16.8 614,073 19.1 460,081 14.3 517,699 16.1 492,765 15.3 3,210,364 

 
The Little Colorado-San Agustin Fringe local unit is the largest at 625,221 acres, while the Lower Gila River 
local unit is the smallest at 487,382 acres. Both the Apache and Mogollon Front local units contain all 14 
upland ERUs, while the LGR local unit contains the least at 11 ERUs. Nine upland ERUs (PPF, MCD, PPE, 
MCW, PJO, PJG, MMS, CPGB and SDG) are represented in all local units; while SFF and JUG only occur in 
four of the six local units. The remaining upland ERUs (MPO, PJC and MSG) occur somewhere in between. 

With regard to the context area, the Gila NF is located within the Arizona-New Mexico Mountains Semi-
Desert-Open Woodland-Coniferous Forest-Alpine Meadow Ecoregion Province (M313) (McNab and Avers 
1994; McNab et al. 2005, 2007); the analysis context area for the Gila NF is defined as the combined area 
of the White Mountains-San Francisco Peaks-Mogollon Rim (M313A), Sacramento-Manzano Mountains 
(M313B) Ecoregion Sections, and the Chihuahuan Semi-Desert Ecoregion Province’s Basin and Range 
(321A) Ecoregion Section. These ecoregion sections are displayed below in Figure 3. Detailed descriptions 
of each ecoregion section are provided by McNab and Avers (1994) and McNab and other (2005, 2007). 
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Figure 3. Gila NF in relation to the analysis context area, of the White Mountains-San Francisco 
Peaks-Mogollon Rim (M313A), Sacramento-Manzano Mountains (M313B), and Basin and Range 

(321A) Ecoregion Sections within Arizona and New Mexico 

Table 4 presents the relationship, in acres, of the Gila NF to the total analysis context area. Overall, the 
three ecoregion sections total nearly 47 million acres. The Gila NF occupies seven percent of these total 
acres. The remaining 93 percent of the lands within the ecoregion sections are owned or managed by a 
diversity of entities; including the Apache-Sitgreaves, Coconino, Coronado, Kaibab, Lincoln, Prescott and 
Tonto National Forests, the states of Arizona and New Mexico, Bureau of Land Management, Bureau of 
Reclamation, Department of Defense, National Park Service, Fish and Wildlife Service, White Mountain, 
San Carlos and Mescalero Apache Nations, and numerous private organizations and citizens. 

Table 4. Land area, in acres, of the Gila NF (GNF) in relation to the analysis context area (CA) of 
the three ecoregion sections 

Context Area Ecoregion Sections 
Context Area 
Section Acres 

Context Area on-GNF Context Area off-GNF 

acres 
% of 
GNF 

% of 
CA 

acres % of CA 

M313A-White Mountains-San Francisco Peaks-
Mogollon Rim Ecoregion Section 

13,475,094 3,210,302 > 99 24.3 10,264,792 75.7 

M313B-Sacramento-Monzano Mountains Ecoregion 
Section 

8,614,390 0 0.0 0.0 8,614,390 100 

321A-Basin and Range Ecoregion Section 24,843,240 62 < 1 < 1 24,843,178 > 99 

Total 46,932,724 3,210,364 100 7.0 43,722,360 93.0 

 
Table 5 presents the relationship, in acres and percentages of the upland ERUs occurring on the Gila NF 
and within the context area.  



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  22 

Table 5. Area of Gila NF upland ERUs both on and off-Forest within the context area  
   

Gila NF Upland 
ERUs 
 

Total ERU Area on Gila NF  
 

Total ERU Area within Context Area 
 

acres 
 

% of 
Gila NF 

 

acres 
 

% of Context Area 
 

Forests     

PPF 630,280 19.3 3,805,078 8.1 
MCD 396,244 12.1 1,174,058 2.5 

PPE 378,156 11.6 622,820 1.3 

MCW 73,934 2.3 399,406 0.9 
SFF 23,779 0.7 177,491 0.4 

Woodlands     

PJO 848,440 25.9 2,585,904 5.5 
PJG 291,649 8.9 1,411,018 3.0 

JUG 114,396 3.5 3,703,181 7.9 
MPO 17,361 0.5 902,219 1.9 

PJC 10,678 0.3 401,552 0.9 

Shrubland     
MMS 166,488 5.1 356,451 0.8 

Grasslands     

MSG 113,785 3.5 379,720 0.8 
CPGB 89,186 2.7 2,804,141 6.0 

SDG 55,988 1.7 16,091,824 34.3 

 

While the focus of this chapter is on the analysis of key upland vegetation characteristics at the plan scale 
and local scales, an attempt is made to identify the Forest’s opportunities and limitations to contribute to 
the sustainability of those upland Ecological Response Units (ERUs) managed by the Gila NF. This is done, 
in part, by comparing the quantity and spatial extent of those ERUs within the Forest’s administrative 
boundary to the quantity and spatial extent of those ERUs with the context area. This comparison is 
hereafter referred to as the “spatial niche” analysis. 

Spatial Niche 
The spatial niche analysis relates the Gila NF to its surroundings, in this case, the context area landscape. 
As mentioned above, the spatial niche of a given ERU is dependent on the relative spatial distribution of 
an ERU, but also considers the relative spatial distribution of seral state proportion departure from 
reference conditions within that ERU. The purpose of the spatial niche analysis is to develop an 
understanding of the extent to which the ecological attributes of the broader landscape support, or are 
supported by, conditions in the plan area (FHS 1909.12, Chap 10, sec. 11.1); in other words, the purpose 
of the spatial niche analysis is to aid in the description of the opportunities and limitations of the Gila NF 
to contribute to ecological sustainability within the context area landscape. It does not, however, drive the 
ecological need for change to the current Forest Plan. Those needs are driven by the plan scale analysis. 

With respect to spatial distribution, there must be enough of the ERU on the Forest that it may serve an 
important ecological role, and enough that its condition can be accurately assessed. The Gila NF’s 
contribution to ecological integrity also depends on the percent of the context landscape occupied by the 
ERU and the relative proportional representation of the ERU on-Forest to off-Forest. Abundance on the 
landscape and proportional representation at the plan scale can be combined into a single variable that 
defines the opportunity for the Forest (plan scale) to influence context scale conditions. Relative 
Proportional Representation (RPR) is calculated using the following formula: RPR = ((% of GNF - % of 
context area)/(% of GNF + % of context area)). A value of 0 indicates the percent of the forest covered by 
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an ERU is the same as the percent of the context area covered by that ERU; positive values indicate the 
ERU proportion of the forest is greater than the ERU proportion of the context area, (ERU is greater on 
forest); and negative values indicate the ERU proportion of the context area is greater than the ERU 
proportion of the forest (ERU is greater in context area) 

Opportunity for influence is represented in Figure 4. Along the diagonal axis, increasing toward the upper 
right corner, where ERUs are more common in the plan area than in the context landscape, but are rare 
overall. Higher opportunity for influence means that the sustainability of the system at the context scale 
is more sensitive to conditions at the plan scale, and the Gila NF has a unique role in restoring or 
maintaining integrity when possible. 

 
Figure 4. Gila NF’s opportunity to influence ecosystem sustainability and integrity within the 

context area landscape. 

For example, the Gila NF has a unique role in the sustainability of the ponderosa pine/evergreen oak (PPE) 
and spruce-fir forest (SFF) ERUs. PPE is slightly more common at the context scale than SFF, but a majority 
of the PPE ERU occurs on the Gila NF. SFF is more proportionally distributed on- and off-Forest, but is very 
rare overall. Thus, the small amount of SFF that occurs on the Gila NF may significantly influence the 
context area scale. The role of the plan area on the sustainability of ERUs like juniper grass (JUG) and semi-
desert grassland (SDG) is not unique, since these ERUs are more common outside the Gila NF. While the 
Gila NF may influence conditions of these ERUs, the opportunity for influence is not unique, but can be 
many places in the context landscape. The Gila NF may have less opportunity to influence context scale 
conditions in any of the ERUs to the left of Dashed Line A-B.  

 

Percent of ERU Occurring on the Gila National Forest 
⇐ Less common on forest than in context area                              More common on forest than in context area ⇒ 

A 

B 

Dashed Line A-B represents the Gila NF’s total percent contribution to the context 
area landscape. All ERUs located to the right of Dashed Line A-B have a greater 
proportional representation on the Forest than within the context area landscape; 
and those to the left, vice versa. 
Dotted Line A’-B’ represents the average ERU percent contribution to the context 
area landscape. 

Increasing opportunity 
for the Gila NF to 

influence context scale 
conditions. Gila NF has 

a more unique 
influence on ecosystem 

sustainability 
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Finally, moderate or high seral state departure suggests the loss of ecological integrity and risk in a system. 
The distribution of that departure defines the Gila NF’s role in addressing risk. This results in three 
potential spatial niche interpretations that can occur alone, or in combination: 

1. The Gila NF can have a greater influence on the integrity and sustainability of ERUs that are more 
common on the Forest, either because they are generally rare or simply because they are more 
common on the Forest. 

2. ERUs with greater seral state departure are of greater concern because ecological integrity may 
already be low.  

3. Where ERUs have less seral state departure on the Forest than in the context scale, the Forest may 
provide an important refuge supporting system sustainability regardless of the quantity of the ERU 
located on Forest.  

The results of the seral state proportion and spatial niche analyses are presented and discussed relative to 
each ERU later in this chapter.  

Key Ecosystem Characteristics, Data and Analysis Methods 
Seral State Proportion 

This characteristic describes the proportion of a given ERU in each seral state. Seral states are relatively 
transitory plant communities that develop during natural vegetation succession. Seral states may vary in 
species composition and structure. Seral state proportion is assessed at the context, plan and local scales 
using the Vegetation Dynamics Development Tool (VDDT) (ESSA 2006, 2007) state-and-transition model 
and models developed by LANDFIRE (various dates), the Nature Conservancy (Schussman and Gori 2006) 
and the Integrated Landscape Assessment Project (ILAP) dataset (Hemstrom et al. 2012), refined by the 
Southwestern Regional Office with input from Forest specialists. Comparison between the context and 
plan scale analyses of this characteristic also informs spatial niche analyses.  

Each ERU can manifest in a range of potential overstory vegetative conditions, each representing a unique 
phase in the overall ecology of the system (Weisz et al. 2009). By grouping these phases into seral state 
classes with unique vegetation characteristics (overstory composition, structure and cover), models can 
be developed that define transitions among phases. These “state-and-transition” models can be built and 
adapted so that the dynamics of the system reflect NRV, and the resulting distribution among state classes 
represents the ERU reference condition (Weisz et al. 2009)3. Reference conditions describing this 
characteristic are based on a review of the best available scientific information by the USFS Southwestern 
Regional Office (USDA FS 2015a). ERU summary tables are footnoted with specific reference condition 
sources, where applicable. 

The VDDT state and transition models both define seral states for each ERU and allow comparison among 
management scenarios. Most state transition destinations and probabilities are derived from Forest 
Vegetation Simulator (FVS) modeling (Dixon 2002). Burn severity information is compiled from Monitoring 
Trends in Burn Severity (MTBS 2014) records (Eidenshink et al. 2007; Bhattarai et al. 2012; WFLC 2014), 
and Rapid Assessment of Vegetation Condition after Wildfire (RAVG) data (USDA FS 2015b). Other inputs 
came directly from Forest management actions, insect and disease surveys, and wildfire data from the 
past 18 years (1996-2014). 

                                                      
3 Also see example in Ryan et al. (2006) and Smith (2006a; 2006b). 
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While the reference conditions are based on the best available scientific information and multiple lines of 
corroborating evidence, the information describing these conditions are not without limitations. The 
importance and influence of physical ecosystem characteristics such as slope, aspect, geology and physical 
and chemical soil characteristics, are not well described in the literature. However, these ecosystem 
characteristics can strongly influence vegetation structure in a given ERU and seral state. Additionally, the 
Gila NF occupies a geographic area that is influenced by the dynamics of several different physiographic 
provinces and two different desert systems. As a result, it is an ecological transition zone; it may not be 
reasonable to expect that all the ERUs on the Forest have the potential to express the central tendency of 
the NRV described by the available data. In some cases, these limitations likely lead to inflated departure 
values. The assignment of current state class proportions uses regional satellite imagery based 
classifications of vegetation size class, canopy cover, dominance type, and storiedness (number of tree 
canopy levels) at a 1:100,000 scale, with extensive photo interpretation and field data collection (Midscale 
Vegetation Mapping Project (Mellin et al. 2004)). The Midscale Vegetation Mapping Project provides 
coverage for National Forest System Lands only. The ILAP dataset is used to describe conditions for other 
lands. Existing vegetation is assigned to an ERU and then to the appropriate state class within that ERU 
according to state class descriptions that were developed by the Southwestern Regional Office (USDA FS 
2015a). The Midscale Vegetation Map has been updated to reflect the large stand replacement wildfires 
that have occurred since the map was originally developed. However, due to the update protocol that 
averaged fire severity across map unit polygons, the update underestimates stand replacement fire in 
some cases. This tends to express itself strongest in the Spruce-Fir Forest and Mixed Conifer with Aspen 
ERUs where fewer acres are shown as being in early seral states than is actually the case on the ground. 
In these two ERUs, seral state departure is likely higher than depicted by this analysis.  

Departure in seral state proportion is quantified at the context, plan and local scales by conducting a 
similarity analysis (Czeknowski 1913 as cited in Kent and Coker 1992) between the current distributions of 
seral state classes in a given ERU to that distribution described by the reference condition. Departure is 
simply the inverse of similarity. Departure from reference condition is broken into thirds for descriptive 
purposes (0 to 33% = low departure, 34 to 66% = moderate departure, 67 to 100% = high departure), but 
is best viewed as varying continuously from low to high. Departure ratings above 33 percent are 
considered significant in terms of the risk to ecological integrity and sustainability.  

Projected trends under current management are described by future predicted distributions depicted by 
VDDT modeling. Model results are not precise predictions, but indicate relative trends and are sensitive 
to changes in management or disturbance. For this analysis, future trend assumes the continuation of 
current levels of management indefinitely. Even though, the Forest can affect sustainability at scales 
greater than the plan area, the Gila NF only affects management at the plan scale and only collects 
management information on the Forest; so VDDT models can only be reliably parameterized at the plan 
scale. Therefore, future trend is modeled only at the plan scale, though trends at the context scale or local 
scale may be discussed where information suggests they differ.  

All VDDT modeling assumes current climatic conditions persist into the future. Consideration of climate 
change is provided by the Gila’s Climate Change Vulnerability Assessment (CCVA) (Triepke 2015) which is 
discussed under the System Drivers and Stressors subheading in this chapter, and in more detail in Chapter 
9: System Drivers and Stressors.  

These datasets and analysis approach do not allow for direct analysis of old growth, as was done in 
previous planning efforts. The approach taken in this assessment provides information about landscape 
scale populations and the key factors and processes that influence them. The limited inferences that can 
be made about old growth from the seral state proportion analysis are presented in those discussions. 
Aside from the fact that data sufficient to directly analyze old growth does not currently exist, this issue is 
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discussed in the white paper produced by the Forest Service Southwestern Region entitled ‘Desired 
conditions for use in forest plan revision in the southwestern region: development and science basis” 
(2014).  

Some define old growth as the climax or late-successional state of forest development (Helms 2004). These 
definitions, however, ignore the old stages in early successional forests such as with quaking aspen stands 
that are successional to climax spruce-fir forests. An ecological understanding of old growth requires a 
perspective that includes multiple spatial and temporal scales, ranging from individual trees, to stands, to 
regions, and across forest types. While the structural and ecological definitions of old growth were first 
developed in the coastal Pacific Northwest (Franklin et al. 1981, Er and Ines 2003), those particular 
definitions do not work for most forests in other ecological settings. This is because there are substantial 
differences in the species compositions, tree longevities, sizes, densities, and variations in the types, 
intensities, and frequencies of natural disturbances across forest types (Harmon et al. 1986). These 
biological and ecological factors result in different tree structures, densities, distributions and landscape 
patterns when a forest type is in its old stage. Because of the complex and dynamic nature of forests, 
efforts to conserve biodiversity by providing old growth in landscapes must take into account all 
developmental stages, not just old growth (Spies 2004). 

Patch Size 
A “patch” is a contiguous area of the same system type (ERU) with similar overstory conditions and canopy 
cover. For this analysis, patch size is defined as the average patch size in acres by ERU at the plan scale. 
Figure 5 illustrates patch size in a woodland system. 

 
Figure 5. Patch size illustration in area mapped as PJ Grass Woodland 

All patches of a given ERU that intersect the Forest boundary are included in the analysis which means in 
some cases, the analysis area may extend significantly into the context area landscape. Patch size is only 

ERU 
Boundary 

ERU 
Boundary 

Patch 
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analyzed for forest and woodland systems for which there is scientific literature to rely on. Patch size plays 
a significant role in fire behavior and fire effects. Patch size and associated heterogeneity also influences 
insect and disease spread and persistence, and wildlife habitat. Patch size is an important element of 
wildlife habitat because each wildlife species is adapted to a particular range of patch sizes and 
distribution.  

Larger, more homogeneous patches than occurred historically typically means diversity has decreased 
(Turner et al. 2011) which can lower adaptive capacity and sustainability. Homogeneity is often driven by 
lack of fire disturbance, selective ungulate grazing/browsing, post-harvest single-age regeneration, and 
woody species expansion. This may mean disturbances can spread more continuously, species 
composition is more uniform, and there is less edge habitat. Edge habitat tends to support relatively higher 
levels of biodiversity. Where larger patch sizes are combined with increases in closed canopy conditions 
and increased fuel loading, the stage is set for uncharacteristically large, severe wildfires. For these 
reasons, current landscape distribution of patches that resemble the distribution under reference 
conditions best accommodate the varying preferences of all wildlife species and simultaneously contribute 
to fire behavior and fire effects that are closer to the natural range of variation.  

Departure was calculated by comparing current patch size described by the Midscale Existing Vegetation 
dataset, to the reference range of patch sizes (Eddleman 1987; Huffman et al. 2006; Moore et al. 2004; 
Margolis 2007 and 2011; O’Conner et al. 2014; Pearson 1950; Vankat 2013; Wahlberg et al. 2014) using 
the calculations displayed in Table 6. Because this characteristic also uses the updated Midscale Existing 
Vegetation dataset, departure is likely underestimated in the SFF and MCW ERUs as previously described. 
Departure is calculated at the plan scale only. No trends are projected for this characteristic.  

Table 6. Definition of patch size departure based on current patch size in relation to a reference 
range of patch sizes. 

Current Patch Size 
Range 

Reference Patch Size Range 

smaller than reference patch size 
within reference patch 

size 
larger than reference patch size 

Departure = 1 – ( 
current patch size 

) 0 = 1 – ( 
high end of reference range 

) 
low end of reference range current patch size 

 

Coarse Woody Debris and Snag Density 

Ecologically, a dead tree is as important to the forest ecosystem as a live one (Franklin et al. 1989), and 
according to Marcot (2002), provide several key ecological functions that influence the ecosystem through 
trophic relations, species interactions, soil aeration, primary cavity and burrow excavation, and dispersal 
of fungi, lichens, seeds, fruits, plants, and invertebrates. The importance of coarse woody debris in forests 
has been partially documented, although much remains to be discovered (Stevens 1997). What is known 
of these roles is divided into four, inter-related categories: 1) the role in productivity of forest trees 
(nutrient cycling); 2) the role in providing habitat and structure to maintain biological diversity; 3) the role 
in geomorphology of streams and slopes; and 4) the role in long-term carbon storage. The importance of 
each of these roles to an ecosystem varies throughout the forests by natural disturbance type, 
biogeoclimatic zone and moisture regime (Stevens 1997). Scarce coarse woody debris and snags can 
indicate a lack of appropriate habitat and inadequate nutrient cycling. An overabundance may indicate 
underlying stress on an ecosystem, such as drought or insect outbreaks, and potentially increases wildfire 
severity. 

Coarse woody debris is defined as tons per acre of downed dead woody material greater than three inches 
in diameter. Snag density is defined as the number of standing dead trees, or stems, per acre by diameter 
classes (i.e., > 8”, > 18”). Reference conditions for both coarse woody debris and snags are based on limited 
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available data or calculations for maximizing ecological sustainability (Ernest et al. 1993; Graham et al. 
1994; Harrod et al. 1998; Sánchez-Meador et al. 2008; USDA Forest Service 2011; Weisz et al. 2011). 
Current conditions are based on stand exam survey information collected by the Gila NF at the plan scale 
only. The stand exam data varies in the date it was collected both between and within individual ERUs. 
Some of the data is older, and some has been collected or updated as part of recent projects. No analogous 
information is available at the context scale, and plan scale data are not necessarily numerous or well 
distributed enough to allow local scale analysis. Departure from reference condition is using the same 
methodology as described for patch size and broken into thirds for descriptive purposes (0 to 33% = low 
departure, 34 to 66% = moderate departure, 67 to 100% = high departure). Departure values are best 
viewed as varying continuously from low to high. Projected trends are assumed based on the relationship 
between snags and coarse woody debris, and seral state proportion. 

Fire Regime 
Fire is an integral component in the function and biodiversity of many natural habitats and organisms, and 
these communities have adapted to withstand and even to exploit natural wildfire. More generally, fire is 
regarded as a “natural disturbance”, similar to flooding, wind-storms, and landslides, that has driven the 
evolution of species and controls the characteristics of ecosystems. Each ERU has a characteristic fire 
regime that is integral to its ecological integrity. If fires are too frequent, plants may be killed before they 
have matured, or before they have set sufficient seed to ensure population recovery. If fires are too 
infrequent, plants may mature, senesce, and die, without ever releasing their seeds; or species 
composition may shift to favor uncharacteristic combinations; or live and dead biomass may simply 
accumulate to uncharacteristic levels. 

Fire Regime Condition Class  
Fire regime condition class (FRCC) describes the patterns of fire seasonality, frequency, size, spatial 
continuity, intensity, type (crown fire, surface fire, or ground fire), and severity in a particular area or 
ecosystem (Agee 1994; Mutch 1992; Johnson and Van Wagner 1985; Sugihara et al. 2006). A fire regime is 
a generalization based on the characteristics of fires that have occurred over a long period. Fire regimes 
are often described as “cycles” or “rotations” because some parts of the histories usually get repeated, 
and the repetitions can be counted and measured. FRCC is an important tool for measuring the 
effectiveness of efforts to maintain sustainable landscapes (NIFTT 2010). FRCC ratings describe a level of 
departure from native ecosystems as they existed prior to Euro-American settlement: 
 

 FRCC I – Fire regimes are within the natural or NRV and risk of losing key ecosystem components 
is low. Vegetation attributes (composition and structure) are intact and functioning (departure ≤ 
33%) 

 FRCC II – Fire regimes have been moderately altered. Risk of losing key ecosystem components is 
moderate. Fire frequencies may have departed by one or more return intervals (either increased 
or decreased), potentially resulting in moderate changes in fire and vegetation attributes (34 - 66% 
departed) 

 FRCC III – Fire regimes have been substantially altered. Risk of losing key ecosystem components 
is high. Fire frequencies may have departed by multiple return intervals, potentially resulting in 
dramatic changes in fire size, fire intensity, and fire severity as well as landscape patterns. 
Vegetation attributes have been substantially altered (≥ 67% departed) (WFM 2012). 

FRCC was calculated at the plan and local scales by averaging seral state proportion departure and fire 
regime departure. Characteristic fire regime was defined as the average of NRV reported for each ERU. 
Local scale ratings were area weighted for each ERU to determine a percentage by class at the plan scale. 
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Trends are assumed to follow those of seral state proportion. Fire severity and fire frequency4 are 
important components of fire regimes. While included in the FRCC calculations, they are also assessed 
independently from FRCC. This is important because departure in FRCC does not necessarily mean all 
components that contribute to FRCC are departed; one or more of these individual characteristics may 
contribute to moderate or high departure in FRCC, while others may be in low departure. For example, 
the season in which fire typically burns may be the same as under reference conditions, but severity may 
be departed from the reference. Projected trends are assumed based on the VDDT modeling inputs and 
outputs for seral state proportion.  

Fire Frequency 
Fire frequency is assessed at the context, plan, and local scales. Fire frequency at the plan scale is based 
on Gila NF wildfire history data from the 30 year period between 1984 and 2013. Point data was buffered 
by acreage and replaced by polygons of known perimeters where available5. Fire rotation (FR-average area 
burned per year) was calculated for each ERU and the total ERU acreage was divided by that average. Fire 
rotation at the context scale is based on nationally compiled federal agency wildfire occurrences point 
information6, which was buffered by acreage and replaced by actual fire perimeters, when available. Fire 
perimeters were obtained from Gila NF data at the plan scale and a combination of Apache-Sitgreaves, 
Coconino, Coronado, Kaibab, Lincoln, and Tonto NFs, and MTBS perimeters elsewhere within the context 
area. MTBS only maps fires over 1,000 acres as far back as 1984. For large parts of the context scale the 
only source of fire perimeter information is MTBS (2014), data, so the analysis was bounded using its 
earliest available information (1984-2014). Any discrepancies at the plan scale were resolved in favor of 
Gila NF data. Departure was calculated by comparing fire rotation (FR) calculations to the reference mean 
fire return interval (MFRI) as shown in Table 7. No trends are projected for fire frequency. 

Table 7. Definitions of fire frequency departure based on current fire return interval in relation to a 
range of reference mean fire return intervals (MFRI) 

Current Fire Interval 
Reference Mean Fire Return Interval Range 

less frequent than reference MFRI within reference MFRI more frequent than reference MFRI 

Departure = 1 – ( 
current fire return 

) 0 = 1 – ( 
high end of reference range 

) 
low end of reference range current fire return 

 

Fire Severity 
Fire severity is described by the percent of burns that are non-lethal, mixed severity, and stand 
replacement fire7. Fire severity is only assessed at the plan and local scales, since burn severity data is 
                                                      
4 Reference fire frequency is measured in mean fire return interval (MFRI), or the average number of years between two 

successive fire events in a given area. Current fire frequency is measured slightly differently, using fire rotation (FR). Fire rotation 
is the number of years it would take for an area equal to the entire ERU to burn. Both a shorter MFRI or FR indicate more frequent 
fire in the system; however, they are calculated from different measurements and are not equivalent, but can still be compared 
to infer trends. 

5 The Gila NF collects actual perimeters (polygon data) for all fires over 10 acres, smaller fires are recorded only as a point and 

acreage.  

6 The Federal Fire Occurrence Website (FFOW 2016) is maintained by USDI U.S. Geological Survey. Available at:  
http://wildfire.cr.usgs.gov/firehistory/index.html. 

7 Vegetation Burn Severity: The effect of a fire on vegetative ecosystem properties, often defined by the degree of scorch, 

consumption, and mortality of vegetation and the projected or ultimate vegetative recovery (Lentile et al. 2006; Morgan et al. 
2001). The vegetation burn severity of a fire depends on the fire intensity and the degree to which ecosystem properties are (or 
are not) fire resistant. For example, a fire of exactly the same fireline intensity might kill thin-barked trees but have little effect 
on thick-barked trees, or it may root-kill rather than canopy-kill trees, which would result in greater mortality than initially 
observed (Parsons et al. 2010). Burn severity indicators are classified and defined as follows (Parsons et al. 2010): 1) Low Soil Burn 
Severity - Surface organic layers are not completely consumed and are still recognizable. Structural aggregate stability is not 

http://wildfire.cr.usgs.gov/firehistory/index.html
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limited or unavailable in some areas within the context area. In some cases, data is also unavailable for 
some local units and/or some fires. Information describing fire severity was obtained from monitoring 
trends in burn severity (MTBS) data (all available records collected for Arizona and New Mexico going back 
to 1984), supplemented by Burned Area Emergency Response (BAER) data, where MTBS was missing or 
incomplete. An important limitation of the MTBS dataset is associated with the timing of the satellite 
imagery. MTBS uses post-fire imagery and estimates severity based on the spectrum of light reflected by 
the vegetation and/or ground. The post-fire environment can change rapidly, especially in the Southwest, 
where the summer monsoons typically end monsoons; in areas where the monsoon rains lead to a robust 
herbaceous response, MTBS can interpret lower severity levels than what actually occurred. With regard 
to MTBS data and the 2013 Silver Fire, the Forest is continuing to work with the Geospatial Technology 
and Applications Center (GTAC) (formerly the Remote Sensing Applications Center (RSAC)) to correct 
severities that were misidentified as low due to the success of the post-fire seeding treatments and were 
actually higher severity, stand replacement type fires. This is also an issue in grassland fires as fire only 
removes top-growth and new growth begins quickly.   

Burn severity was summarized by ERU, at the context and plan scales. An average ERU severity was 
calculated and compared to the reference average severity (Krausmann and Triepke 2014) using the 
equation FS=1-(current average severity/reference average severity) with values stratified into low, 
moderate and high as described for other characteristics.  No trends are projected for fire severity. 

Insects and Disease 
Insects and disease are the severity and frequency of outbreaks of damage agents at the plan and local 
scales. Determinations for insect and disease departures from reference condition come from Forest insect 
and disease history of the Gila National Forest: input for the Gila NF plan revision (Ryerson 2015) provided 
by the Southwestern Regional Office. Insects and diseases are important components of forest ecosystems 
and greatly influence forest structure and species composition over time. They are characteristic to some 
degree and at some frequency in all ERUs, not only as disturbance agents, but also as significant 
contributors to ecosystem function. While insect and disease impacts often conflict with human objectives 
and forest management goals, their effects on the forest may be detrimental or beneficial from an 
ecological perspective (Ryerson 2015). According to Ryerson (2015), with the exception of nonnative 
agents such as white pine blister rust, the primary forest insects and diseases in the Southwestern Region 
and on the Gila NF are native organisms that have long been part of the ecosystem and have evolved with 
their plant hosts.  

The USDA FS Southwestern Region has evaluated the most common forest insects and diseases on the Gila 
NF using information from historical reports, published documents, aerial survey information, and USFS 
specialists’ knowledge (Ryerson 2015). Data from Aerial Detection Surveys, conducted by the USFS, are 

                                                      
changed from its unburned condition, and roots are generally unchanged because the heat pulse below the soil surface was not 
great enough to consume or char any underlying organics. The ground surface, including any exposed mineral soil, may appear 
brown or black (lightly charred), and the canopy and herbaceous understory vegetation will likely appear “green.” 2) Moderate 
Soil Burn Severity - Up to 80 percent of the pre-fire ground cover (litter and ground fuels) may be consumed but generally not all 
of it. Fine roots (≅ 3/32 in. diameter) may be scorched but are rarely completely consumed over much of the area. The color of 
the ash on the surface is generally blackened with possible gray patches. There may be potential for recruitment of effective 
ground cover from scorched needles or leaves remaining in the canopy that will soon fall to the ground. The prevailing color of 
the site is often “brown” due to canopy needle and other vegetation scorch. Soil structure is generally unchanged. 3) High Soil 
Burn Severity - All or nearly all of the pre-fire ground cover and surface organic matter (litter, duff, and fine roots) is generally 
consumed and charring may be visible on larger roots. The prevailing color of the site is often “black” due to extensive charring. 
Bare soil or ash is exposed and susceptible to erosion, and aggregate structure may be less stable. White or gray ash (up to several 
centimeters in depth) indicates that considerable ground cover or fuels were consumed. Sometimes very large tree roots (> 3 in. 
diameter) are entirely burned extending from a charred stump hole. Soil is often gray, orange, or reddish at the ground surface 
where large fuels were concentrated and consumed. 
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summarized for the Gila NF by ERU for the period 1998-2013. Similar survey data is not available for non-
NFS lands, therefore insect and disease outbreaks are discussed qualitatively at the context scale, when 
information is available. Otherwise, insects and diseases are only assessed at the plan scale. Information 
concerning departure from reference conditions for insects and disease is not available; therefore no 
departure ratings are assigned.  

System Drivers and Stressors for Upland Vegetation 
Recall from Chapter 1: Ecological Integrity and Sustainability that system drivers are factors or processes 
that act on ecosystem characteristics that contribute to the natural or historic range of variability in 
conditions. Stressors are natural or human caused alterations in system drivers that have the potential to 
threaten ecological integrity and sustainability. The primary system drivers and stressors for upland 
vegetation are:  

 Natural vegetation succession 

 Fire 

 Insects and diseases 

 Herbivory 

 Invasive and noxious plant species 

 Non-fire vegetation treatments 

 Climate  

 Climate change 

Because these factors and processes impact or involve many other ecosystem components of both upland 
and riparian systems and ecosystem components are interconnected, Chapter 9: System Drivers and 
Stressors is dedicated to their discussion in an attempt to reduce repetition and redundancy. With respect 
to climate change, the Gila NF Climate Change Vulnerability Assessment (Triepke 2015) described in 
Chapter 9 is of particular importance to the risk assessment of upland vegetation characteristics and is 
referred to many times throughout this chapter.  

Additionally, in the context of system drivers and stressors, recall that the NRV approach to reference 
conditions is defined by the period prior to European settlement; this means that the NRV includes the 
influence of Native American populations. Ecological conditions during the reference time period were by 
no means pristine. As described in Chapter 17: Cultural and Historic Resources, some aspects of ecological 
change during this time period responded directly to the influence of human populations. On the Gila NF, 
archeological researchers have compiled evidence that human dynamics influenced changes in the 
distribution of plant and animal species (Creel et al. 2010; Creel and Speakman 2012; Minnis 1985; 
Schoolmeyer 2009).  

Recall from the previous subsection that a few system drivers and/or stressors are analyzed as key 
ecosystem characteristics as well. Those that are not analyzed as ecosystem characteristics are not of 
lesser importance, rather it is due to the lack of data or limitations of the available data that their analysis 
is limited to the discussions in the System Drivers and Stressors.  
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Forested Ecological Response Units 
 
The following subsections focus on individual ERUs identified as forest types in the introduction. A general 
description of each ERU is provided, followed by the analysis of departure and trend related to the 
characteristics identified in the introduction. The spatial niche analysis concludes each individual ERU 
discussion.  

SPRUCE-FIR FOREST (SFF) ERU 
 

General Description 
Also known as sub-alpine conifer 
forests, the SFF ERU (Figure 6) ranges in 
elevation from 9,000 to 10,500 ft. along 
a variety of gradients including gentle to 
very steep mountain slopes. Generally, 
annual precipitation ranges from 27 to 
36 inches, with 50% coming between 
October 1st and March 31st. Although 
rare, the Spruce-fir forest occurs 
throughout the Southwestern region, 
occurring on the Apache-Sitgreaves, 
Carson, Cibola, Coconino, Gila, Kaibab, 
Lincoln, and Santa Fe National Forests. 
This ERU is comprised almost entirely of 
Engelmann spruce (Picea engelmannii 
Parry ex Engelm.) and subalpine fir 
(Abies lasiocarpa (Hook.) Nutt.) and/or corkbark fir (A. lasiocarpa (Hook.) Nutt. var. arizonica (Merriam) 
Lemmon) associations. Common understory species may include but are not limited to red baneberry 
(Actaea rubra Aiton) Willd.), sprucefir fleabane (Erigeron eximius Greene), strawberryleaf raspberry 
(Rubus pedatus Sm.), whortleberry (Vaccinium myrtillus L.), and twinflower (Linnaea borealis L.). Natural 
system drivers and stressors in this ERU include climate, vegetation succession, blow-down, insect and/or 
disease outbreaks, and fire.  

Figure 7 and Figure 8 show that the majority of this ERU occurs in the central portion of the context area 
and south central portion of the Forest. 

 
Figure 6. SFF ERU (photo by L.J. WhiteTrifaro 2009) 

 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  33 

 

Figure 7. General location (in black) of the SFF ERU within the context area 

 

Figure 8. General location (in black) of the SFF ERU within the Gila NF and the six local units 

 

 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  34 

The SFF ERU contains two Subclasses: 

Spruce-Fir Lower (AKA “Spruce-Fir Mix”): This subclass typically occurs between 9,500 and 10,900 feet 
and includes a suite of mixed conifer species, especially Rocky Mountain Douglas-fir and white fir. 
Quaking aspen, occurs as a component that may be codominant or dominant (Muldavin et al. 1996), 
depending on seral state. This subclass often occurs in the transitional ecotone between the Mixed 
Conifer with Aspen ERU and the upper elevation subclass of the Spruce Fir Forest ERU. It generally has 
similar process dynamics to the Mixed Conifer with Aspen but supports different tree species. 

Spruce-Fir Upper (AKA “Spruce-Fir Pure): Spruce and subalpine fir dominate the “Upper” subclass of 
this ERU which is typically found between 10,500 and 11,500 feet. It occurs adjacent to and below the 
Bristlecone Pine and Alpine and Tundra ERUs, above its “Lower” counterpart.  

Seral State Proportion  
Under reference conditions the majority of the SFF ERU was comprised of single or multi-storied small to 
very large size-trees with typically closed canopy trees and a contingent of aspen (Table 8). Historically, 
these forests were dominated by even age stands of shade tolerant shrubs and trees that were adapted 
to closed canopy characteristics (Smith et al. 2006d). 

Table 8. Seral state make-up of the SFF ERU under reference (RC) and current conditions for both 
the Gila NF and context area (CA). 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion 
Similarity 

Values to RC† 

RC 
current  

GNF CA GNF CA 

A, B, C, G 

EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, shrubs with open (≥ 10% & < 30%) or closed (≥ 
30%) woody canopy cover, and seedling/sapling (< 5” dbh/drc), small (≥ 5” & 
< 10” dbh/drc) tree sizes with open (≥ 10% & < 30%) or closed woody canopy 
cover, all storiedness 

21 68 60 21 21 

D, H 
MID-SERAL: Medium to large size (≥ 10” & < 30” dbh/drc) trees, all storiedness 
with open or closed woody canopy cover 

33 32 39 32 33 

E, F 
LATE SERAL: Very large size (≥ 30” dbh/drc) trees, single or multi-storied with 
closed woody canopy cover 

46 0 0 0 0 

I, J 
LATE SERAL: Very large size trees, single or multi-storied with open woody 
canopy cover (occurs on contemporary landscapes only…) 0 0 0 0 0 

Total  100 100 100 53 54 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 53) = 47 or MODERATE; and Context Area = (100 – 54) = 46 
or MODERATE 

ǂ USDA FS 2015d; Smith 2006d 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
Departure is moderate at all scales, with the exception of the two local units within the Forest where SFF 
does not occur: Lower Gila River and Little Colorado-San Agustin Fringe. Currently there is a sizeable over 
representation the grass, forb, sparsely vegetated or recently burned and seedling/sapling, small, medium 
and large size-trees, single or multi-storied with open or closed woody canopy cover characteristics (seral 
states A, B, C, G); a significant under representation of very large size trees, trees, single or multi-storied 
with closed woody canopy cover (seral states E, F).  

There is almost no (<1%) representation of very large size trees (20 in. +); which might be the indicative 
of mature to old forest spruce-fir conditions (Vandendriesche 2013). On the other hand, “large” does not 
always mean “old”, nor does “small” necessarily equate to “young” as the maximum achievable size of any 
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particular species is also a reflection of site conditions (Kaufmann et al. 1990). While this analysis does not 
directly address old growth, the percentage of very large size trees (diameters 20 inches or more at breast 
height) may provide useful inferences related to the status of old growth forests (Boyden et al. 2005; 
Vandendriesche 2013). On the other hand, the thematic resolution of the dataset used to assess seral 
state proportion must be considered. The Midscale Existing Vegetation Mapping Project stratifies tree size 
classes into four categories: 0”-4.9”, 5”-9.9”, 10”-19.9” and 20”+. Size class categories are assigned based 
on the dominant diameter class of the dominant tree species. Therefore, representation of the larger size 
classes may be present within areas in the smaller size class categories. Old growth, as defined by the 
current Forest Plan is not defined solely by the diameter of trees, but by the age of the stand as a whole, 
stand density and the general absence of disturbance (USDA FS 1986).  This discussion applies to all ERUs.  

Departure in seral state proportion is primarily the result of recent extents of stand replacement fire on 
the Forest and throughout the context area. As disclosed in the Key Ecosystem Characterisitics, Data and 
Analysis Methods section, this departure is most likely underestimated due the protocol used to update 
the Midscale Existing Vegetation map after these large fires occurred. These fires occurred primarily as a 
result of extended drought rather than past fire suppression. While fire suppression has influenced 
conditions in and adjacent to the SFF ERU (and MCW), the period of fire suppression policy likely had less 
effect on infrequent fire systems such as these. Recent impacts associated with insects and disease (see 
subsequent subheading), and the increased vulnerability of drought stressed trees to those insects and 
diseases are certainly another contributing factor. As previously mentioned in the general description of 
this ERU, aspen can be vegetation component on suitable sites in the early to mid-seral states. Where 
aspen is present, herbivory by elk can be significant. Based on qualitative field observations, there are 
areas within this ERU on the Forest currently experiencing heavy elk pressure, and others that are not.  

Herbivory by domestic livestock has been and remains incidental on the Gila NF as most of this ERU has 
been limited in its ability to produce sufficient quantities of palatable herbaceous species to attract or hold 
livestock, either due to characteristics of the soil or long periods of canopy closure characteristic of this 
ERU. Additionally, most of the SFF occurs in unallotted areas of wilderness areas and/or frequently occurs 
on steep slopes (≥40%) which are not typically used by domestic livestock. These steep slopes and the 
large percentage of this ERU occurring within designated wilderness areas (~82%), also limits the influence 
past timber harvest has had in this ERU on the Forest, and the potential for timber harvest in the future.  

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 9. Recall that the trend analysis is conducted at the plan scale only.  
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Figure 9. Gila NF overstory vegetation successional structural states for SFF ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 47% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 63% or moderate departure form RC 
Y100 = State and transition modeling results at 100 years = 72% or high departure from RC 
2 See Table 8 for a description of the overstory vegetation successional structural states 

The VDDT modeling indicates that under current management (and the current climatic regime) existing 
departure in seral state proportion continues to trend away from reference conditions into the future by 
approximately 25 percentage points (Figure 9).  

Patch Size  

Table 9. Gila NF current departure of patch size in Spruce-Fir Forest 
Reference Range: 200 to 1,000 ac. 

Current Mean: 79 ac. 

Departure: Moderate 

  
As shown in Table 9, current mean patch size is smaller than reference conditions due to recent large, 
stand replacement fires across contiguous areas of this ERU. Again, because this characteristic uses the 
same dataset used to assess seral state proportion, departure is likely underestimated.  

 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

RC CC Y10 Y100

State and Transition Modeling Periods1

A,B,C,G D,H E,F I,J

Gila NF SFF ERU Overstory Vegetation Successional Structural States2 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  37 

Coarse Woody Debris and Snag Density  

Table 10. Gila NF current and projected departure of coarse woody debris in Spruce-Fir Forest 
 Coarse Woody Debris Departure/Trend 
Reference: 42.5 T/ac.  

Current: 87.2 T/ac. Moderate 

100-years: 81.7 T/ac. Moderate/Trend Away from Reference 

The analysis in Table 10 indicates there is nearly 2 times the amount of coarse woody debris per acre than 
the data suggests was present historically. Past fire suppression may have contributed to the accumulation 
of coarse woody debris in this ERU, however, it likely had less influence in infrequent fire systems such as 
SFF and MCW ERUS than in frequent fire systems such as the MCD and PPF ERUs. Additionally, the data 
used to assess this characteristic was collected prior to recent stand replacement fire, drought, and insect 
and disease outbreaks. Coarse woody debris removed and/or added to the SFF ERU by these more recent 
processes are not reflected in the analysis. There may actually be more or less tons per acre than depicted 
here.  

Table 11. Gila NF current and projected departure of snags in Spruce-Fir Forest 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 25.0/ac.  9.0/ac.  

Current: 19.0/ac. Low 11.2/ac. Low 

100-years: 19.0/ac. 
Low/Away from 

Reference 
11.2/ac. 

Low/Away from 
Reference 

The analysis in Table 11 indicates there are fewer smaller snags per acre than the data suggests was 
present historically, which may be a reflection of the predominantly late-seral closed canopy conditions 
prevalent across this ERU on the Forest when the data used to conduct this analysis was collected, prior 
to recent stand replacement fires. In contrast, larger snag densities were lower than under reference 
conditions. Again, recent events such as stand replacement fire, drought, and insect and disease outbreaks 
have altered these conditions. More current data would likely describe a different situation.  

Fire Regime  
Fire is an infrequent but important stand initiating disturbance in these cool, mesic forests (Peet 1988). 
Mean fire-return intervals vary between 150 and 400 years but are probably not cyclical (Arno 1980; 
Romme and Knight 1981; Crane and Fischer 1986; Peet 1988; Turner and Romme 1994; Farris et al. 1998). 
Although small fires may occur more frequently than large fires; infrequent fires are considered to be most 
important in shaping the overall structure and composition of the landscape (Romme 1982; Johnson and 
Wowchuk 1992; Agee 1993; Turner and Romme 1994; Bessie and Johnson 1995; Farris et al. 1998). 

Fire Frequency 

Table 12. Reference and current Gila NF fire frequency for Spruce-Fir Forest 
Reference: MFRI*100-200 yrs. mixed severity fire and 200-400 years stand replacement fire 

(FFǂ = average 156 yrs., mixed severity rotation 100 yrs., and stand replacement rotation 
350 yrs.⫲) 

Current: FF = 17 yrs. 

Departure: High 
*Wahlberg et al. 2014; Krausmann and Triepke 2014 
ǂ Romme and Knight 1981; Grissino-Mayer et al. 1995; Schussman et al. 2006; Smith 2006d; Romme et al. 2009a; WDNR 2011; 
Krausmann and Triepke 2014 
⫲ Margolis et al. (2011) and Swetnam and Falk (2015). 
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As shown in Table 12, in the last 19 years (1996-2015), fire has occurred with strikingly greater frequency 
in this system than it did historically as reflected by the high ERU departure rating. All local units containing 
SFF are also in the high departure category. These departures are primarily the result of drought. 
Departure in fire frequency is also high within the context area, however, fire occurs with less frequency, 
on average, than during the reference time period (current FF = 1,568 years). While the entire Southwest 
has been affected by drought conditions, those conditions have varied from place to place. 

Fire Severity  
Between 1996-2015 average annual acres burned by wildfire within the SFF ERU at the plan scale is 1,395 
acres; roughly 25% at low severity, 20% at moderate severity and 56% at high severity. While the current 
average severity at the plan scale is approximately 62%, as opposed to the reference condition’s 58% 
(Krausmann and Triepke 2014), fire severity departure is low. Departure is low in all local units containing 
SFF except the Apache which is highly departed, and in the Black Range local unit for which there is no 
data. Severity is lower in the Apache local unit than under reference conditions (~15%). Just 22 acres of 
SFF is mapped in the Apache local unit adjacent to frequent fire PPF, MSG and MCD ERUs at between 7,800 
and 7,900 feet just upslope from a drainage. There are no TEUI sample points documenting the presence 
or potential for SFF in this area. This indicates the ERU map has likely classified this as SFF in error. On the 
other hand, if SFF or the potential for it was actually present in this location, lower fire severity may 
actually be within the natural range of variability given the small patch size and immediate adjacency of 
frequent fire, low severity systems. In general, fire severity is consistent with what is known about the 
reference time period.  

Both moderate and high severity are typically stand replacement type fires within the SFF on the Gila NF. 
Conifer species in this ERU are fire sensitive, and even if mortality is not an immediate result of the fire, it 
frequently occurs shortly thereafter. While aspen is considered fire adapted due to its re-sprouting ability, 
mature trees are also easily killed with very little heat.  

Fire Regime Condition Class (FRCC) 

Table 13. Gila NF Reference FRCC and departure for Spruce-Fir Forest   
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 97.3% FRCC III = 0.0% No data = 2.7% 

Departure:  Moderate, Trend Away from Reference 
ǂ Romme and Knight 1981; Grissino-Mayer et al. 1995; Schussman et al. 2006; Romme et al. 2009a; WDNR 2011; Krausmann 
and Triepke 2014 

 
As shown in Table 13, the vast majority of this ERU is within FRCC II, indicating a moderate departure. This 
is also the case for the two local units for which all the data elements are available (Mogollon Front and 
Upper Gila River), as well as the context area. At the Forest and local scales departure is driven by increased 
fire frequency and recent large, contiguous extents of stand replacement fire, rather than the stand 
replacement nature of these fires. At the context scale, an FRCC II rating reflects lower fire frequency than 
would be expected under the reference condition.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 1,970 acres. 
The highest level occurred in 2014 at 18,837 acres. Overall, nearly 100% of this ERU has been affected to 
some degree by insect and disease activities since 1997.  

There is a lack of documented observations and evaluation of historical insect and disease activity in the 
spruce-fir type on the Gila NF because of the limited distribution on the Forest (0.7% of the Gila NF based 
on ERU analysis) and its relative remoteness. Many of the common agents would be expected to be 
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present, but have not necessarily been specifically documented. Common agents include bark beetles, 
defoliating agents, broom rust, and root diseases (Ryerson 2015). 

Spatial Niche 
The SFF ERU is concentrated in isolated pockets at the very highest elevations within the context area. At 
177,491 acres within the context area it contributes roughly 0.4% to the context landscape. At 23,779 
acres the SFF ERU contributes roughly 0.7% to the Gila NF’s land base (Table 14). The SFF represents the 
12th largest ERU within both the context area and Forest. However, it has a great proportional 
representation on the Forest (0.32%) than in the context area (Table 14). This ERU has a moderate seral 
state proportion departure rating at scales in which it occurs (Table 8).  In general, this ERU has gone from 
a normally very large (20 in. +) size tree-closed canopy nature to a more open herbaceous, smaller (< 20 
in.) size-trees condition throughout its range within the context area.  

Table 14. SFF ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

SFF 23,779 0.7 177,491 0.4 13.4 0.32 

 

Table 15.  SFF ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres %   

 
Percent 
seral state 
departure 

22 0.1 630 2.6 0 0.0 0 0.0 8,710 36.6 14,417 60.6 23,779 0.7 177,491 0.4 

67 Moderate 48 Moderate No SFF No SFF 46 Moderate 54 Moderate 47 Moderate 46 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
As shown in Table 15, the Gila NF’s spatial niche, or influence on this particular ERU has to do with higher 
proportional representation on the Forest, its seral state proportion departure, and its rarity. The Forest 
has a greater influence on the ecological integrity and sustainability of the Spruce-Fir Forest because there 
is more of it located on the Forest than within the context area. Both its departure and rarity heighten the 
Forest’s responsibility to restore and/or maintain this ERU. Given the same degree of departure on the 
Forest and across the context area, the Forest is not currently well positioned to act as a refugia for SFF.   
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MIXED CONIFER W/ ASPEN FOREST (MCW) ERU 
 

General Description 
The MCW ERU (Figure 10) hosts a 
variety of dominant and co-dominant 
species spanning mesic environments in 
the Rocky Mountain and Madrean 
Provinces. Wet mixed conifer forests 
range in elevation from approximately 
9,000 to 10,500 feet along a variety of 
gradients including gentle to very steep 
mountain slopes, situated between 
ponderosa pine and dry mixed conifer 
forests below and Spruce-Fir Forest ERU 
above. Generally, annual precipitation 
ranges from 23 to 32 inches, with 50% 
coming between October 1st and March 
31st. Dominant and co-dominant 
vegetation varies in elevation and moisture availability. Ponderosa pine occurs incidentally or is absent, 
while Douglas-fir, southwestern white pine, white fir, and Colorado blue spruce occur as dominant and or 
codominant conifer species. Understory vegetation is comprised of a wide variety of shrubs, graminoids, 
and forbs depending on soil type, aspect, elevation, disturbance history, and other factors. Historically this 
ERU had over 10% tree canopy cover, with the exception of early, post-fire plant communities. 

Originally aspen (Populus tremuloides Michx.) was conceptualized as having been a unique system, 
however it now understood as a component of the mixed conifer w/ aspen forest ERU that varies in its 
dominance with successional status. The understory structure may have shrubs and an herbaceous layer, 
or just an herbaceous layer. Common shrubs include mountain spray, or rock-spiraea (Holodiscus dumosus 
(Nutt. ex Hook.) A. Heller), thimbleberry (Rubus parviflorus Nutt.), fivepetal cliffbush (Jamesia americana 
Torr. & A. Gray), and mountain ninebark (Physocarpus monogynus (Torr.) J.M. Coult.). The herbaceous layer 
may be dense or sparse, dominated by graminoids or forbs. Some of the species typically found associated 
with aspen include Nevada peavine (Lathyrus lanszwertii Kellogg var. leucanthus (Rydb.) Dorn), Fendler’s 
meadow-rue (Thalictrum fendleri Engelm. ex A. Gray), elkweed (Frasera speciose Douglas ex Griseb.), 
common yarrow (Achillea millefolium L.), Canadian white violet (Viola canadensis L.), Indian paintbrush 
(Castilleja spp. Mutis ex L. f.), and several grasses and sedges. Distribution of aspen within this ERU is 
limited by several factors including adequate soil moisture required to meet its high evapotranspiration 
demand, the length of the growing season or low temperatures, and major disturbances that clear areas 
of vegetation and stimulate root sprouting and colonization. 

Figure 11 and Figure 12 show that the majority of this ERU occurs in the northern portion of the context 
area and south central portion of the Forest. 

 
Figure 10. MCW ERU (Wahlberg et al. 2014) 
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Figure 11. General location (in black) of the MCW ERU within the context area 

 
Figure 12. General location (in black) of the MCW ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the MCW ERU was comprised of single or multi-storied small 
to very large size-trees, typically closed canopy conditions, and a significant contingent of aspen. 
Historically, these forests were dominated by even age stands of shade tolerant shrubs and trees that were 
adapted to closed canopy characteristics (Smith et al. 2008). 

Table 16. Seral state make-up of the MCW ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A, K 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or 
closed (≥ 30%) woody canopy cover 

1 17 11 1 1 

B, T 
EARLY TO LATE SERAL: Aspen/mixed deciduous trees of all sizes with open or 
closed woody canopy cover 

21 43 33 21 21 

C, D, G, H, L, 
M, P, Q 

EARLY TO MID-SERAL: Seedling/sapling (< 5” dbh/drc), small (≥ 5” & < 10” 
dbh/drc), medium (≥ 10” & < 20” dbh/drc) and large (≥ 20” & < 30” dbh/drc) 
tree sizes, all storiedness with open or closed woody canopy cover 

29 40 55 29 29 

E, F, N, O 
LATE-SERAL: Very large size (≥ 30” dbh/drc) trees, all storiedness with closed 
woody canopy cover 

49 0 0 0 0 

I, J, R, S 
LATE-SERAL: Very large size trees, all storiedness with open woody canopy 
cover (occurs on contemporary landscapes only…) 

0 0 0 0 0 

Total  100 100 99 51 51 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 51) = 49 or MODERATE; and Context Area = (100 – 51) = 49 
or MODERATE 

ǂ USDA FS 2015c; Smith 2006a, 2006c 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
As shown in Table 16, departure in seral state proportion is moderate at the context, plan and local unit 
scales. Currently there is a sizeable over representation of aspen (seral states B, T) and seedling/sapling, 
small, medium and large size-trees, single or multi-storied with open or closed woody canopy cover 
characteristics (seral states C, D, G, H, L, M, P, Q); a significant under representation of very large size trees, 
trees, single or multi-storied with closed woody canopy cover (seral states E, F, N, O). Similar to the SFF, 
there is almost no (<1%) representation of very large size trees (20 in. +). The discussion of what this may 
or may not imply for the status of old growth presented in the seral state proportion analysis of SFF, also 
applies here.   

This departure is primarily the result of recent extents of stand replacement fire on the Forest and 
throughout the context area and may be underestimated as discussed in the SFF. These fires occurred 
primarily as a result of extended drought rather than past fire suppression. While fire suppression has 
influenced conditions in and adjacent to the MCW ERU, the period of fire suppression policy likely had less 
effect on infrequent fire systems such as the MCW. Recent impacts associated with insects and disease 
(see subsequent subheading), and the increased vulnerability of drought stressed trees to those insects 
and diseases are another potentially contributing factor. Herbivory by elk can be significant where aspen 
is a co-dominant or dominant species.  

The VDDT model has the ability to consider elk impacts. Elk impacts are considered because according to 
(Bailey and Whitham 2002; Rolf 2001 (as cited in Smith 2006b), if elk are present, they may browse aspen 
until it does not produce ramets (root sprouts) within 2-5 years. Furthermore, Bailey and Whitham (2002), 
also reported that after three growing seasons, elk had consumed 36 to 85 percent of aspen shoots in an 
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unfenced burned area within a mixed conifer-ponderosa pine forest in northern Arizona. Five years after 
this burn, not one of seventy regeneration plots outside of elk fences showed any living aspen sprouts. 
Based on qualitative field observations, there are areas within this ERU on the Forest currently 
experiencing significant impacts due to elk, and others that are not. This was quantified by Gila NF staff 
and accounted for in the modeling. 

Herbivory by domestic livestock has been and remains incidental in this ERU on the Gila NF as it frequently 
occurs on steep slopes (≥40%). Additionally, where closed canopy conditions were or are present, 
sufficient quantities of palatable herbaceous species to attract or hold livestock are generally absent. 
These steep slopes and the large percentage of this ERU occurring within designated wilderness areas 
(~65%), also limits the influence past timber harvest has had in this ERU on the Forest.  

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 13. Recall that the trend analysis is conducted at the plan scale 
only.  

 

Figure 13. Gila NF overstory vegetation successional structural states for MCW ERU under 
reference conditions (RC), current conditions, and following state and transition modeling results 

at 10 and 100 years, based on current management activities 
1 RC = Reference conditions 
CC = Current conditions = 49% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 47% or moderate departure form RC 
Y100 = State and transition modeling results at 100 years = 47% or moderate departure from RC 
2 See Table 16 for a description of the overstory vegetation successional structural states 
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The VDDT modeling indicates that under current management (and the current climatic regime) existing 
departure in seral state proportion remains largely unchanged into the future (±5%). As reflected in the 
modeling inputs and briefly discussed in Chapter 11: Multiple Uses, a very small number of MCD acres are 
currently treated annually using fire and/or non-fire vegetation management activities in part because of 
limitations imposed by steep slopes (≥40%). Additionally, wilderness designations currently limit non-fire 
vegetation management activities.  

Patch Size  

Table 17. Gila NF current departure of patch size in Mixed Conifer w/Aspen 

Reference Range: 100 to 400 ac. 

Current Mean: 62 ac. 

Departure: Moderate 

 
As shown in Table 17, mean patch size is currently smaller than during the reference time period due to 
the recent large, contiguous extents of stand replacement fire. Again, because this characteristic uses the 
same dataset used to assess seral state proportion, departure could be underestimated. 

Coarse Woody Debris and Snag Density  

Table 18. Gila NF current and projected departure of coarse woody debris in Mixed Conifer with 
Aspen 
 Coarse Woody Debris Departure/Trend 
Reference: 30.0 T/ac.  

Current: 81.7 T/ac. High 

100-years: 81.7 T/ac. High/Static 

As shown in Table 18, there is currently nearly 3 times the amount of coarse woody debris per acre than 
historical evidence indicates. Past fire suppression may have contributed to the accumulation of coarse 
woody debris in this ERU, however, it likely had less influence in infrequent fire systems such as MCW, than 
in frequent fire systems such as the MCD and PPF ERUs. This is more readily explain by a combination of 
stand replacement fire, increased mortality due to drought as well as insects and disease, and relatively 
slow decomposition rates. Again, more recent drought, fire and insect and disease outbreak events that 
have occurred since the stand exam data was collected have altered the conditions depicted in this 
analysis. More current data would likely describe a different situation.  

Table 19. Gila NF current and projected departure of snags in Mixed Conifer with Aspen 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 14.0/ac.  4.0/ac.  

Current: 27.1/ac. High 10.2/ac. High 

100-years: 27.1/ac. High/Static 10.2/ac. High/Static 

As shown in Table 19, there is currently nearly 2 to 2-½ times the number of snags per acre than historical 
evidence indicates. This is likely due to the same factors identified for increases in coarse woody debris.  

Fire Regime  
The Mixed Conifer w/ Aspen ecosystem is characterized by infrequent high and mixed severity fire (Romme 
et al. 2009a; Roccaforte 2013; Wahlberg et al. 2014). Small scale, stand replacing fire events play an 
important role in aspen regeneration, and upwards of 150 to 400 years for high intensity, stand replacing 
crown fires (Fulé et al. 2003; Swetnam et al. 2005; Vankat 2006; Vander Lee et al. 2006).  
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Fire Frequency 

Table 20. Reference and current Gila NF fire frequency for Mixed Conifer with Aspen 
Reference: MFRI* 150 to 400 yrs. 

(FFǂ = average 120 yrs., mixed severity rotation 100 yrs., and stand replacement rotation 
150 yrs.) 

Current: FF = 16 yrs. 

Departure: High 
**Wahlberg et al. 2014 
ǂ Barrett 1988; Baisan and Swetnam 1990; Bradley et al. 1992a; Smith 2006a and 2006c; Romme et al. 2009a; Barrett et al. 
2010; O’Connor et al. 2014; Wahlberg et al. 2014; Krausmann and Triepke 2014, Huffman et al. 2015; Swetnam and Falk 2015 

 
As shown in Table 20, in the last 19 years (1996-2015), fire has occurred with much greater frequency in 
this system than it did historically as reflected by the high departure rating. Departure varies from high to 
low across the Forest’s local units, with the Little Colorado-San Agustin Fringe in low departure (FF=96 
yrs.), Lower Gila River in moderate departure (FF=37 yrs.), and the remaining local units in high departure 
with frequencies varying from 14 to 20 years. These departures are primarily the result of drought. Across 
the context area, departure is low (FF=257 yrs.). While the entire Southwest has been affected by drought 
conditions, those conditions have varied from place to place.  

Fire Severity 
The 19-year (1996-2015) average annual acres burned within the MCW on the Forest is 3,330 acres; 
roughly 47% at low severity, 22% at moderate severity and 31% at high severity. Current average fire 
severity lower than reference condition’s 65% (Krausmann and Triepke 2014) by approximately 22 
percentage points, giving it a low departure rating. Departure is moderate in the Little Colorado-San 
Agustin Fringe local unit where severity is 41 percentage points lower than the reference.  

Both moderate and high severity are typically stand replacement type fires in the MCW on the Gila NF. 
Dominant conifer species in this ERU are fire sensitive, and even if mortality is not an immediate result of 
the fire, it frequently occurs shortly thereafter. While aspen is fire adapted, re-sprouting from its’ root 
system, mature trees are also easily killed with very little heat.  

Fire Regime Condition Class (FRCC) 

Table 21. Gila NF reference FRCC and departure for Mixed Conifer with Aspen  
Reference: FRCC I  

Current: FRCC I = 0.0% FRCC II = 85.2% FRCC III = 0.0% No data = 14.8% 

Departure:  Moderate, Trend Static 
ǂ Krausmann and Triepke 2014. 

 
As shown in Table 21, all of this ERU for which there is data falls within the FRCC II category, indicating a 
moderate departure from the natural fire regime. This is also the case across all local units. Increased fire 
frequency and fire extent are the primary driver of FRCC departure. The context area is also moderately 
departed in term of FRCC, however, this is largely due to decreased fire frequency and presumably altered 
fuel characteristics as lower fire frequencies contribute to the accumulation of fuels. 

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 2,765 acres. 
The highest level occurred in 2013 at 28,278 acres. Overall, nearly 67% of this ERU has been affected by 
insect and disease activities since 1997. 
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The Forest Insect and Disease History of the Gila National Forest report (Ryerson 2015) does not 
differentiate between the MCD and MCW ERUs; see the MCD insect and disease section. Within the aspen 
component of the MCW ERU specific records of activity on the Gila NF extend only back to 1974 in available 
documents. However, primarily the western tent caterpillar (Malacosoma californicum) and the large 
aspen tortrix (Choristoneura conflictana) are the insects most often found defoliating aspen on the Gila 
NF. According to Ryerson (2015), this is probably due to the limited abundance of aspen on the Forest 
compared to other Forests in the Region and its presence in relatively remote and rugged locations such 
as on the Black Range. There was a widespread infection of aspen shoot blight (a fungal disease) in central 
and southern New Mexico in 1979. The soft bark of aspen is easily wounded by physical injury, various 
insects, and abiotic factors like abrupt declines winter temperatures. These wounds allow for the 
development of various canker diseases. Aspen is also subject to root rot. Recently, aerial surveys have 
detected aspen mortality throughout NM. Aspen on southerly aspects are more susceptible to drought, 
particularly at the lower elevational limit of its range, and entire clones may be affected on such sites. On 
the Gila NF, aspen mortality has been observed throughout the Forest. A total of nearly 3,800 acres has 
been mapped with aspen mortality over this period. 

Spatial Niche 
The MCW is limited at 399,406 acres (0.9%) within the context area and 73,934 (2.3%) of the Gila NF, 
represents the 10th largest (tied with the PJC ERU) within the context area, and 10th largest ERU on the 
Forest. However it has a greater proportional representation on the Forest (0.45) than in the context area 
(Table 22). This ERU has a moderate seral state proportion departure rating within the context area as a 
whole, on the Forest and in each local unit within the Forest (Table 16). In general, this ERU has gone from 
a normally very large (20 in. +) size tree, closed canopy nature to a more open herbaceous, smaller (< 20 
in.) size-trees with a larger aspen component throughout its range within the context area. 

Table 22. MCW ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

MCW 73,934 2.3 399,406 0.9 18.5 0.45 

 

Table 23.  MCW ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

5,098 6.9 17,936 24.3 2,719 3.7 3,089 4.2 19,073 25.8 26,019 35.2 73,934 2.3 399,406 0.9 

49 Moderate 62 Moderate 50 Moderate 60 Moderate 49 Moderate 49 Moderate 49 Moderate 49 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with higher proportional 
representation on the Forest, its seral state proportion departure, and its rarity. The Forest has a greater 
influence on the ecological integrity and sustainability of the Mixed Conifer with Aspen ERU because there 
is more of it located on the Forest than within the context area. Both its departure and rarity heighten the 
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Forest’s responsibility to restore and/or maintain this ERU (Table 23). Given the same degree of departure 
on the Forest and across the context area, the Forest is not currently well positioned to act as a refugia for 
MCW.   
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MIXED CONIFER-FREQUENT FIRE FOREST (MCD) ERU 
 

General Description 
The MCD ERU (Figure 14) spans a variety 
of semi-mesic environments in the 
Rocky Mountain and Madrean 
Provinces. Generally, annual 
precipitation ranges from 16 to 32 
inches, with 45-55% coming between 
October 1st and March 31st. In the 
southwestern US, mixed conifer forests 
may be found at elevations between 
6,000 and 10,000 ft., situated between 
ponderosa pine, pine-oak, and/or or 
piñon-juniper woodlands below and 
wet mixed conifer and/or spruce-fir 
forests above. Typically these types 
were dominated by ponderosa pine in 
an open forest structure (< 30% tree 
canopy cover), with minor occurrence 
of aspen (Populus tremuloides Michx.), Rocky Mountain Douglas-fir, white fir (Abies concolor (Gord. & 
Glend.) Lindl. ex Hildebr.), and southwestern white pine (Pinus strobiformis Engelm.). On contemporary 
landscapes, more shade tolerant conifers, such as Douglas-fir, white fir ((Gord. & Glend.) Lindl. ex Hildebr.), 
and blue spruce (Picea pungens Engelm.), tend to increase in cover in late succession, contrary to 
conditions under the characteristic fire regime. However, historically, these species could have achieved 
dominance in localized settings where aspect, soils, and other factors limited the spread of surface fire. 
Historic management practices including but not limited to logging, fire suppression and overgrazing have 
transformed many of these forests across the context area and region (Cooper 1960; Covington and Moore 
1994; Lynch et al. 2000). Currently, much of this type is dominated by closed structure (> 30% tree canopy 
cover) and late seral species as a result of fire suppression. 

Figure 15 and Figure 16 show that the majority of this ERU occurs in the northern and eastern portions of 
both the context area and Forest. 

 
Figure 14. MCD ERU (photo by L.J. WhiteTrifaro) 
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Figure 15. General location (in black) of the MCD ERU within the context area 

 

Figure 16. General location (in black) of the MCD ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the MCD ERU was comprised of multistoried, medium to very 
large size trees with typically an open canopy nature (Table 24). Historically these forests were dominated 
by shade intolerant shrub and tree species that were adapted to the open canopy characteristics.  

Table 24. Seral state make-up of the MCD ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA). 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A, B, F, N 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs, seedling/sapling size (< 5” dbh/drc) 
trees with open (≥ 10% & < 30%) or closed (≥ 30%) woody canopy cover 

20 14 17 14 17 

C MID-SERAL: Small size (≥ 5” & < 10” dbh/drc) trees with open canopy cover 10 4 6 4 6 

D, E 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees, single storied with 
open canopy cover (occurs on contemporary landscapes, historically 
rare/localized) 

0 7 4 0 0 

G MID-SERAL: Small size trees with closed canopy cover 5 10 12 5 5 

H, I, L, M 
LATE-SERAL: Medium to very large size trees, single or uneven-aged (multi-
storied) with closed canopy cover 

5 57 57 5 5 

J, K 
LATE-SERAL: Medium to very large size trees, uneven-aged (multi-storied) with 
open canopy cover 

60 7 5 7 5 

Total  100 100 100 36 38 

Departure Index Rating⫲ from RC = 100 - ∑ similarity values: Plan area = (100-36) = 64% = MODERATE; and Context Area = (100-
38) = 62% = MODERATE 

ǂ Smith 2006a; LANDFIRE 2007c; USDA FS 2013b 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
At the plan and context scales, departure in seral state proportion is moderate. Most local units are also 
in the moderate departure category with the acception of the Apache and Little Colorado-San Agustin 
Fringe local units which are in high departure. However, percent departures are likely inflated to some 
extent due to the limitations of the available data as discussed previously. Regardless, there are currently 
more small to medium sized trees, and a higher degree of canopy closure in this ERU than under reference 
conditions. Similar to the SFF and MCW, there is almost no (<1%) representation of very large size trees 
(20 in. +). The discussion of what this may or may not imply for the status of old growth presented in the 
seral state proportion analysis of SFF and MCW ERUs, also applies here.   

While past timber harvest has certainly affected this ERU on the Forest, more of this ERU occurs on steep 
slopes (≥40%) than any other ERU, which has limited logging operations. In the early days of timber 
harvesting on the Gila NF, logging practices have been described by Theodore Rixon of the USGS. In his 
1905 report, he described the best trees being cut in ways that endangered the remaining or adjacent 
stands and that some areas that have been harvested had been converted to shrublands (Rixon, 1905). 
Fire suppression (Covington and Moore 1992), legacy issues related to past historic overgrazing and in 
some places, current herbivory by wildlife and livestock are larger contributing factors to departure than 
past timber harvest. Herbivory reduces fine fuels, and decreases competition between herbaceous plants 
in the understory and regenerating conifers, providing the competitive advantage to conifer species. 
Chapter 9: System Drivers and Stressors discusses these management factors and their interrelationships 
in greater detail.  
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Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 17. Recall that the trend analysis is conducted at the plan scale 
only. 

 

Figure 17. Gila NF overstory vegetation successional structural states for MCD ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities. 
1 RC = Reference conditions 
CC = Current conditions = 64% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 64% or moderate departure from RC  
Y100 = State and transition modeling results at 100 years = 65% or moderate departure from RC 
2 See Table 24 for a description of the overstory vegetation successional structural states 

The VDDT modeling indicates that under current management (and the current climatic regime) existing 
departure in seral state proportion remains largely unchanged into the future (±5%). As reflected in the 
modeling inputs and briefly discussed in Chapter 11: Multiple Uses, a relatively small number of MCD acres 
are currently treated annually using either fire or non-fire vegetation management activities in part 
because of limitations imposed by steep slopes (≥40%).  

Patch Size  

Table 25. Gila NF current departure of patch size in Mixed Conifer-Frequent Fire 
Reference Range: 0.02 to 50 ac. 

Current Mean: 64 ac. 

Departure: Low 
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As shown in Table 25, while departure in seral state proportion reveals increases in tree densities, those 
increases have not been enough to create departure in mean patch size. This suggests the issue is not infill 
of openings, but rather understory crowding. These conditions indicate the development of ladder fuels 
as the primary concern. Potential shifts to the dominance of shade tolerant species, as opposed to 
ponderosa pine, are also likely given this analysis; but again, site specific physical environmental 
characteristics (e.g. slope, aspect and soils) also play a role in species composition. Species composition is 
discussed and analyzed as a key ecosystem characteristic in Chapter 4: Soils.  

Coarse Woody Debris and Snag Density 

Table 26. Gila NF current and projected departure of coarse woody debris in Mixed Conifer-
Frequent Fire 
 Coarse Woody Debris  Departure/Trend 
Reference: 13.7 T/ac.  

Current: 59.1 T/ac. High 

100-years: 59.1 T/ac. High/Static 

As shown in Table 26, there is currently nearly 6 times the amount of coarse woody debris per acre than 
historically. This is likely due to the combination of past fire suppression, stand replacement fire, higher 
tree densities than under reference conditions and mortality due to increased competition, and drought. 
Slow decomposition rates also contribute.  

While mortality due to insects and disease also adds coarse woody debris to the system, it is unlikely a 
significant contributor to departure at this time. Insects and disease, relative to this ERU are discussed 
under that subheading. Because some of the data used to assess this characteristic was collected prior to 
recent stand replacement fire, drought and insect and disease outbreaks and restoration projects (see 
Timber and Special Forest Products subheading in Chapter 11: Multiple Uses), values may be stronger 
reflection of past fire suppression and older stand replacement fires. There may actually be more or less 
tons per acre than this analysis depicts.  

Table 27. Gila NF current and projected departure of snags in Mixed Conifer-Frequent Fire 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 9.0/ac.  4.0/ac.  

Current: 19.3/ac. High 6.5/ac. Moderate 

100-years: 19.3/ac. High/Static 6.5/ac. Moderate/Static 

As shown in Table 27, there is currently nearly 3 times the number of snags per acre than historically (Weisz 
et al. 2011), with the greatest increase being in the smaller size class. This is likely due to the increased 
densities of  smaller trees (seral states G, and H, I, L, M). Additionally, the other factors contributing to 
departure in coarse woody debris also influence the departure in snag density.  

Fire Regime  
The natural fire regime of this ERU is typified by frequent, low severity non-lethal surface fire (Baisan and 
Swetnam 1990; Grissino-Mayer et al. 1995; Heinlein et al. 2005), though less frequent mixed severity fires 
also occurred (Wahlberg et al. 2014). Stand replacement fires were generally restricted to the closed 
canopy forest (LANDFIRE 2007c; Vander Lett et al. 2006) in relatively small patch sizes (Touchan et al. 
1996). Additionally, there is evidence that high severity fire was primarily driven by topographic factors, 
particularly the steepness of slope (Margolis and Balmat 2009; Margolis et al. 2011).  
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Fire Frequency 

Table 28. Reference and current Gila NF fire frequency for Mixed Conifer Frequent Fire 
Reference: MFRI*9-22 yrs. 

(FFǂ = average rotation 13 yrs. and mixed severity rotation 77 yrs.) 

Current: FF = 24.4 yrs. 

Departure: Low 
*Wahlberg et al. 2014; Krausmann and Triepke 2014 
ǂ Baisan and Swetnam 1990; Ahlstrand 1980; Grissino-Mayer and Swetnam 1995; Heinlein et al. 2005; Smith 2006a; LANDFIRE 
2007c; O'Connor et al. 2014; Huffman et al. 2015; Krausmann and Triepke 2014; Swetnam and Falk 2015 
 

As shown in Table 28, in the last 19 years (1996-2015), fire has not occurred quite as frequently in this 
system as it did historically. Departure in fire frequency at the context scale is high (~257 yrs.). Departure 
in fire frequency is low at the plan scale and in the Upper Gila, Black Range and Mogollon Front local units. 
It is moderate in the Lower Gila River local unit and high in the Apache and Little Colorado-San Agustin 
Fringe local units with frequencies ranging from 34 to 40 years. Departure in fire frequency reflects factors 
that reduce the fine fuels necessary to carry fire, particularly livestock grazing as the herbaceous plants 
that provide forage are also the primary source of fine fuels. Fire suppression may also be a factor where 
Wildland Urban Interface, or other highly valued resources are at risk, when fire weather and fuel 
conditions do not support the achievement of the management objectives, or when resources needed to 
manage a particular fire are unavailable. Resources to manage fires may be unavailable when they are 
committed to managing or suppressing fires elsewhere. 

Fire Severity  
 

The 19-year (1996-2015) average annual acres burned by wildfires within the MCD ERU on Forest is 15,051 
acres; roughly 68% low severity, 20% moderate severity and 12% at high severity. Current average fire 
severity is higher than reference condition’s 18% (Krausmann and Triepke 2014), with a moderate 
departure rating. Within the Forest’s local units, departure ranges from low to high. The Upper Gila River 
and Little Colorado-San Agustin Fringe local units are in low departure, the Apache in moderate, and the 
Black Range, Lower Gila River and Mogollon Front in high departure.  Possible reasons for higher severity 
include higher tree densities than under the reference period, coarse woody debris accumulations from 
past stand replacement fires and fire suppression, drought conditions and local topography.  

Fire Regime Condition Class (FRCC)  

Table 29. Gila NF reference FRCC and departure for Mixed Conifer-Frequent Fire  
Reference: FRCC I 

Current: FRCC I = 25.2% FRCC II = 67.1% FRCC III = 0.0% No data = 7.6% 

Departure:  Moderate, Trend Static 
ǂ Krausmann and Triepke 2014 

 
As shown in Table 29, although a significant percentage of the MCD ERU has an FRCC of I, indicating the 
fire regime is within the natural range of variability, most of this ERU has a FRCC of II, indicating moderate 
departure. The context area and all local units within the Forest also have an FRCC of II. Departure in 
structural vegetation and fuels attributes, indicated by the seral state and coarse woody debris analyses, 
and higher fire severity contribute to FRCC departure. Fire frequency departure is also a factor in where 
they are moderate or high.  Factors contributing to departure previously discussed in those analyses apply 
to FRCC as well.  
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Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 2,750 acres. 
The highest level occurred in 2001 at 13,435 acres. Overall, nearly 12% of this ERU has been affected by 
insect and disease activities since 1997. 

The primary bark beetles in mixed conifer forests are the Douglas-fir beetle (Dendroctonus pseudotsugae) 
in Douglas-fir and the fir engraver (Scolytus ventralis) in white fir. Because the Douglas-fir beetle has often 
been considered the primary mortality agent in Douglas-fir, the role of many of the other bark beetles and 
woodborers has probably been underestimated (Ryerson 2015). The activity by Douglas-fir beetle 
specifically, increased Region-wide during the late 1950s to epidemic levels. The outbreak on the Gila NF 
peaked in 1958 affecting nearly 128,000 acres. Following the 1950s drought period, little bark beetle 
activity in Douglas-fir was recorded. As with the bark beetles in pines, attacks under endemic population 
levels are typically limited to injured or diseased trees. Stand density, species composition, and host tree 
diameter are all important factors in determining susceptibility of attack by these bark beetles (Ferrell et 
al. 1994; Schmitz and Gibson 1996). The limited length of records for bark beetle activity in the mixed 
conifer forests of the Gila NF exhibits no major changes in outbreak frequency or duration (Ryerson 2015). 
In southern New Mexico and on the Gila NF specifically, western spruce budworm defoliation has often 
been of less concern. However, an outbreak was reported in the mid-1960s with a peak in 1964 of over 
40,000 acres on the Forest. Dwarf mistletoes, root diseases and broom rusts are common in the MCD ERU, 
but are not above endemic levels (Ryerson 2015). One interesting note: White pine blister rust, caused by 
the fungus Cronartium ribicola, is a recently introduced non-native invasive disease in the Southwestern 
Region and is one of the most damaging tree diseases in North America. The disease was introduced from 
Europe in the early 1900s. It was first detected on the Gila NF in 2005, in Johnson Canyon, south of Luna, 
NM. According to Ryerson (2015), eventually this disease is expected to impact white pine populations in 
many areas of the Southwest and may even eradicate white pine from the most susceptible sites. More 
information about white pine blister rust and potential management approaches is provided in Chapter 9: 
System Drivers and Stressors.  

Spatial Niche 
The MCD ERU is widespread and at roughly 1,174,058 acres (2.5%) of the context area and 396,244 acres 
(12.1%) of the Gila NF, represents the 3rd largest ERU on the Forest and 7th largest within the context area. 
It has a greater proportional representation on the Forest (0.66) than in the context area (Table 30). This 
ERU has a moderate seral state departure rating at the plan and context area scales (Table 24). However, 
the Little Colorado-San Agustin Fringe local unit within the Forest has a high departure rating.  In general, 
this ERU has gone from a normally large (20 in. +) size tree-open canopy nature to a medium (< 20 in.) 
sized tree-closed canopy condition throughout its range within the context area. 

Table 30. MCD ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

MCD 396,244 12.1 1,174,058 2.5 33.7 0.66 
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Table 31. Gila NF MCD ERU acreage and percent, and seral state departure from reference 
conditions1 within the local units, Forest and context area 

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

48,327 12.2 100,020 25.2 70,947 17.9 30,165 7.6 60,984 15.4 85,801 21.7 396,244 12.1 1,174,058 2.5 

75 High 47 Moderate 74 High 62 Moderate 56 Moderate 52 Moderate 62 Moderate 62 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with higher proportional 
representation on the Forest. Although the MCD ERU is not particularly rare within the context area, it is 
relatively more common on the Forest than in the context areas as a whole; therefore the Forest has a 
greater influence on the integrity and sustainability of this system.   

  



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  56 

PONDEROSA PINE FOREST (PPF) ERU:  
 

General Description 
This ERU (Figure 18) generally occurs on 
loose, well-drained soils derived from 
igneous, metamorphic, and sedimentary 
parent material at elevation ranging 
from 6,000 to 10,000 feet. Ponderosa 
pine forest is typically bounded at the 
upper elevation by mixed conifer forest, 
and at the lower elevation by grasslands 
or piñon-juniper woodlands, although 
extensive intergrading of species may 
occur at ecotone boundaries along 
gradients of slope, elevation, aspect, 
and moisture (Moir 1993). Generally, 
annual precipitation ranges from 17 to 
28 inches, with 45 to 55% coming 
between October 1st and March 31st. The 
dominant species in this system is 
ponderosa pine (Pinus ponderosa Lawson & C. Lawson var. scopulorum Engelm. 8). Other trees, such as 
Gambel oak (Quercus gambelii Nutt.), Rocky Mountain Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco 
var. glauca (Beissn.) Franco), twoneedle piñon pine (Pinus edulis Engelm.), and junipers (Juniperus spp. L.) 
may be present. There is typically a shrubby understory; such as currants/gooseberries (Ribes spp. L.), and 
buckbrush (Ceanothus spp. L.), mixed with a variety of grasses and forbs, such as Arizona fescue (Festuca 
arizonica Vasey), mountain muhly (Muhlenbergia montana (Nutt.) Hitchc.), pine dropseed 
(Blepharoneuron tricholepis (Torr.) Nash), blue grama (Bouteloua gracilis (Willd. ex Kunth) Lag. ex Griffiths), 
fleabanes (Erigeron spp. L.), pussytoes (Antennaria spp. Gaertn.), and others. This ERU sometimes occurs 
as savannah, depending on geomorphology, geology and soils, with extensive grasslands interspersed 
between widely spaced clumps or individual trees. This system is adapted to drought during the growing 
season, and has evolved several mechanisms to tolerate frequent, low intensity surface fires. Historic 
management practices including but not limited to logging, fire suppression and overgrazing have 
transformed many of these forests across the context area and region (Cooper 1960; Covington and Moore 
1994; Lynch et al. 2000). Today many of these forests have been transformed into dense, even-aged 
thickets of young trees that are prone to high-intensity fire (Kaufman et al. 1990). 

Figure 19 and Figure 20 show that the majority of this ERU occurs in the northern portion of both the 
context area and Forest. 

                                                      
8 All common names and scientific nomenclature follow USDA NRCS 2016. The PLANTS Database (http://plants.usda.gov, 2016). 
National Plant Data Team, Greensboro, NC 27401-4901 USA. 

 
Figure 18. PPF ERU (photo by M.R. White 2002) 

http://plants.usda.gov/
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Figure 19. General location (in black) of the PPF ERU within the context area 

 

Figure 20. General location (in black) of the PPF ERU within the Gila NF and the six local units 
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The PPF ERU contains two subclasses: 
Ponderosa Pine/Bunchgrass: This subclass makes-up roughly 54% or 340,300 acres of the PPF on the 
Forest. It is generally characterized by open stands supporting an understory of primarily herbaceous 
species, and is commonly found above the Mogollon Rim. A grassy understory, and ample needle 
cast/duff are the primary carriers of fire, and support frequent, non-lethal fires. The role of fire in this 
subclass is essential to maintain canopy openings and prevent excess young tree establishment. 
Common grass species include blue grama, Arizona fescue, and mountain muhly.  

Ponderosa Pine/Gambel Oak: This subclass makes-up roughly 46% or 290,000 acres of the PPF on the 
Forest. While structurally similar to its counterpart subclass, the ponderosa pine/Gambel oak subclass 
is primarily distinguished by the presence of the deciduous Gambel oak in the sub-canopy. Other 
common species include alligator juniper (Juniperus deppeana Steud.), twoneedle piñon, and New 
Mexico locust (Robinia neomexicana A. Gray). 

Seral State Proportion 
Under reference conditions the majority of the PPF ERU was comprised of multistoried, medium to very 
large size trees with typically an open canopy nature (Table 32). Historically these forests were dominated 
by shade intolerant shrub and tree species that were adapted to the open canopy characteristics. Fire 
suppression has allowed the development of several younger age classes of trees and the accumulation 
of dead material on the forest floor (Covington and Moore 1992). 

Table 32. Seral state make-up of the PPF ERU under reference condition (RC) and current 
conditions for both the Gila NF and context area (CA).  

Seral State Seral State Structure, Composition and Cover Class Description 

Percent Proportion Similarity 
Values to RC† 

RCǂ 
current  

GNF CA GNF CA 

A, B, F, N 

EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs, seedling/sapling size (< 5” dbh/drc9) 
trees with open (≥ 10% & < 30%) or closed (≥ 30%) woody canopy cover 
(occurs on contemporary landscapes, historically rare/localized) 

0 4 12 0 0 

C 
MID-SERAL: Small size (≥ 5” & < 10” dbh/drc) trees with open woody canopy 
cover (occurs on contemporary landscapes, historically rare/localized) 0 4 5 0 0 

D, E 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees, single storied with 
open woody canopy cover (occurs on contemporary landscapes, historically 
rare/localized) 

0 11 7 0 0 

G 
MID-SERAL: Small size trees with closed woody canopy cover (occurs on 
contemporary landscapes, historically rare/localized) 

0 11 15 0 0 

H, I, L, M 
LATE-SERAL: Medium to very large size trees, single storied or uneven-aged 
stands (multi-storied) with closed woody canopy cover (occurs on 
contemporary landscapes, historically rare/localized) 

0 61 55 0 0 

J, K 
LATE-SERAL: Medium to very large size trees, uneven-aged stands (multi-storied) 
with open woody canopy cover 

100 9 6 9 6 

Total  100 100 100 9 6 

Departure Index Rating⫲ from RC = 100 - ∑ similarity values: Gila NF = (100-9) = 91% = HIGH; Context Area = (100-6) = 94% = HIGH 

ǂ Smith 2006b; LANDFIRE 2007b; USDA FS 2015a 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
 

                                                      
9 Diameter at breast height (dbh), tree diameter in inches outside bark at breast height (4-½ feet aboveground) on uphill side. All 
timber species are measured at dbh. Diameter at root collar (drc), tree diameter in inches outside bark at root collar or at the 
point nearest the ground line (whichever is higher). For multi-stemmed trees, drc is calculated from an equation that incorporates 
the individual stem measurements. All woodland species are measured at drc (Morgan et al. 2005). 
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At the plan scale, departure in seral state proportion is high. All local units are also in the high departure 
category.  However, percent departures are likely inflated to some extent due to the limitations of the 
available data as discussed previously in the Key Charcteristitics, Data and Analysis Methods subsection. 
Regardless, there are currently more small to medium sized trees, fewer large to very large trees, and a 
higher degree of canopy closure in this ERU than under reference conditions. Similar to the other forested 
ERUs on the Gila, there is almost no (<1%) representation of very large size trees (20 in. +). The discussion 
of what this may or may not imply for the status of old growth presented in the seral state proportion 
analysis of the previous forested ERUs, also applies here.  

These conditions have resulted from the cumulative effects of past timber harvest practices, fire 
suppression, legacy issues related to past historic overgrazing and in some places, current herbivory by 
wildlife and livestock as described previously in the discussion of seral state proportion for MCD. Chapter 
9: System Drivers and Stressors discusses these management factors in greater detail. Projected trends in 
seral state proportion under current management as described by the results of the VDDT modeling are 
displayed in Figure 21. Recall that the trend analysis is conducted at the plan scale only. 

 
  

 

Figure 21. Gila NF overstory vegetation successional structural states for PPF ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities. 
1 RC = Reference conditions 
CC = Current conditions = 91% or high departure from RC 
Y10 = State and transition modeling results at 10 years = 89% or high departure from RC 
Y100 = State and transition modeling results at 100 years = 86% or high departure from RC 
2 See Table 32 for a description of the overstory vegetation successional structural states  
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The VDDT modeling indicates that under current management (and the current climatic regime) existing 
departure in seral state proportion remains largely unchanged into the future (±5%). As reflected in the 
modeling inputs and briefly discussed in Chapter 11: Multiple Uses, most restoration emphasis and related 
fire and non-fire vegetation management activities occur in the Ponderosa Pine Forest and the Ponderosa 
Pine-Evergreen Oak ERUs. Considering the degree of departure, this may have significant implications both 
forest plan and project level management direction, and/or be indicative of a need to better understand 
and consider  the local physical ecosystem factors (e.g. slope, aspect, geology, and soil characteristics) 
influencing vegetation structure that are not well accounted for in the current scientific literature.   

Patch Size 

Table 33. Gila NF current departure of patch size in Ponderosa Pine Forest 
Reference Range: 0.02 to 1 ac. 

Current Mean: 71 ac. 

Departure: High 

 
This increase in patch size shown in Table 33 is likely due to the infill of open spaces and increased densities 
of trees less than 20 inches in diameter (seral states D, E, G, and H, I, L, M). These conditions have resulted 
from the the same factors influencing departure in seral state proportion. Chapter 9: System Drivers and 
Stressors discusses these management factors in greater detail.  

Coarse Woody Debris and Snag Density  

Table 34. Gila NF current and projected departure of coarse woody debris in Ponderosa Pine 
Forest 

 Coarse Woody Debris Departure/Trend 
Reference: 9 T/ac.  

Current: 35.1 T/ac. High 

100-years:  High/Static 

 
As shown in Table 34, there is currently nearly 4 times the amount of coarse woody debris per acre than 
the science indicates is necessary for ecological sustainability (Graham et al. 1994). This is likely due to the 
combination of historic fire suppression, higher tree densities than under reference conditions and 
mortality due to increased competition and drought, as well as slow decomposition rates. While mortality 
due to insects and disease also adds coarse woody debris to the system, it is unlikely a significant 
contributor to departure at this time. Insects and disease, relative to this ERU are discussed under that 
subheading. Because the data used to assess this characteristic has wide ranging dates of collection, it may 
not accurately reflect all the restoration work that has been done in the PPF on the Forest.   

Table 35. Gila NF current and projected departure of snags in Ponderosa Pine Forest 

 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 1.1/ac.  0.8/ac.  

Current: 5.9/ac. High 1.5/ac. High 

100-years:  High/Static  High/Static 

 
As shown in Table 35, there is currently nearly 2 to 5 times the number of snags per acre than historically 
(Sanchez-Meador et al. 2008). While all of the factors contributing to departure in coarse woody debris 
likely influence this characteristic as well, the primary factor contributing to the increase in snags is likely 
mortality due to drought and increased competition.  
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Fire Regime  
In PPF ERU systems, the ponderosa pine/bunchgrass subclass supports a predominantly grass understory. 
Open canopy overstory results in an understory dominated by healthy, vigorous grasses, sedges and forbs 
providing a generally continuous fine fuels layer, except where site specific conditions, such as soils limit 
the understory. These structural vegetation characteristics and gentle topography support low severity 
fire, facilitate fire spread and flame lengths sufficient to kill conifer regeneration and maintain both over 
and understory structure. Frequent, low severity fire also maintained open canopy conditions (Merriam 
and Stejneger 1890; Woolsey 1911; Shreve 1915).  

A more robust shrub component in the PPF ERU ponderosa pine/Gambel oak subclass historically 
supported mixed severity fire (NIFTT 2010; Wahlberg et al. 2014) which also maintained over and 
understory structure. Stand replacement fires were generally restricted to the closed canopy forest. 
Topography (aspect, substrate depth, slope, position, etc.) exerted strong control over fire behavior 
producing spatially and temporally mixed severity regimes (LANDFIRE 2007b). 

Fire Frequency  

Table 36. Reference and current Gila NF fire frequency for Ponderosa Pine Forest  
Reference: MFRI*0-35 yrs. 

(FFǂ = non-lethal rotation 10.5 yrs.) 

Current: FF = 40 yrs. 

Departure: Low 
*Wahlberg et al. 2014; Krausmann and Triepke 2014 
ǂ Swetnam and Dieterich 1985; Crane and Fischer 1986; Barrett 1988; Bradley et al. 1992a and 1992b; Brown 1994; Baisan and 
Swetnam 1995; Morgan et al. 1996; Brown 2000; Sneed et al. 2002; Muldavin et al. 2003; Schussman et al. 2006; Smith 2006b; 
Abella and Fulé 2008; O'Connor et al. 2014; Krausmann and Triepke 2014; Swetnam and Falk 2015 

 
As shown in Table 36, in the last 19 years (1996-2015), fire has not occurred quite as frequently, on average, 
in this system as it did historically, however departure at the plan scale is low. Departure is also low in the 
Black Range (FF=33 yrs.) and Upper Gila River (FF=13 yrs.) local units. On the other hand, it is moderate in 
the Lower Gila River local unit (FF=52 yrs.) and high in the Mogollon Front (FF=118 yrs.), Little Colorado-
San Agustin Fringe (FF=68 yrs.) and Apache (FF=71 yrs.) local units. Departure in fire frequency is also high 
at the context scale (FF=295 yrs.). Restoring fire as a natural ecological process has been a management 
priority over the last 19 years, particularly in the PPF and PPE ERUs. Departure in fire frequency reflects 
factors that reduce the fine fuels necessary to carry fire, particularly livestock grazing as the herbaceous 
plants that provide forage are also the primary source of fine fuels. Fire suppression may also be a factor 
where Wildland Urban Interface, or other highly valued resources are at risk, when fire weather and fuel 
conditions do not support the achievement of the management objectives, or when resources needed to 
manage a particular fire are unavailable. Resources to manage fires may be unavailable when they are 
committed to managing or suppressing fires elsewhere.  

Fire Severity 
The 19-year (1996-2015) average annual acres burned by wildfires within the PPF ERU on Forest is 15,677 
acres; roughly 89% at low severity, 9% at moderate severity and 2% at high severity.  Current fire severity 
is lower than reference condition’s 13% (Schussman et al. 2006; Krausmann and Triepke 2014), but within 
the natural range of variation (low departure) at the plan and local scales. Generally, fire has burned mostly 
at low severity levels, consistent with severity during the reference period. Lower severity may be the 
result of fall burning, when fuel moistures are higher and severities are expected to be lower. Burning after 
mechanical thinning or fuel reduction projects could also result in lower severity, as might a series of fires 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  62 

in the same location where pine needles are the primary fine fuel and haven’t had sufficient time to 
accumulate between fires. All of these scenarios occur on the Forest.  

Fire Regime Condition Class (FRCC)  

Table 37. Gila NF reference FRCC and departure for Ponderosa Pine Forest  
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 14.3% FRCC III = 76.0% No data = 9.7% 

Departure:  High, Trend Static 
ǂ Krausmann and Triepke 2014 

As shown in Table 37, most of this ERU has a FRCC of III (76%), indicating high departure. With low 
departure in fire frequency and severity at the plan scale, this FRCC departure is wholly attributable to 
departure in seral state proportion. As discussed previously, seral state proportion departure in PPF is 
inflated due to limitations of the data available to describe the reference condition. The importance and 
influence of local physical ecosystem characteristics such as slope, aspect, geology and physical and 
chemical soil characteristics, are not well described in the literature. However, these ecosystem 
characteristics strongly influence vegetation structure in PPF on the Forest.   

The context area and all local units also have an FRCC of III, except the Upper Gila River local unit which 
has an FRCC of II. Fire frequency departure is another contributing factor to departure in FRCC in all local 
units except Black Range and Upper Gila River.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 6,613 acres. 
The highest level occurred in 2003 at 50,741 acres. Overall, nearly 19% of this ERU has been affected by 
insect and disease activities since 1997.  

There are several species of bark beetles that attack ponderosa pines in the Southwest. The primary 
species on the Gila NF are: the western pine beetle (Dendroctonus brevicomis), the roundheaded pine 
beetle (Dendroctonus adjunctus), numerous species of ips engravers (Ips spp.), and less commonly the red 
turpentine beetle (Dendroctonus valens) and the larger Mexican pine beetle (Dendroctonus 
approximatus). Extensive outbreaks of ponderosa pine bark beetles in the Southwest are primarily 
triggered and sustained by extended drought. Drought-stress appears to make trees more vulnerable to 
bark beetle attacks, perhaps due to reduced defense capability. Additionally, dense, crowded stand 
conditions can contribute to greater levels of tree mortality during outbreaks because of tree-to-tree 
competition for available moisture which increases stress and decreases plants overall ability to resist 
insect attacks.  Southwestern dwarf mistletoe (A. vaginatum ssp. cryptopodum), a parasitic plant, is the 
most damaging pathogen of ponderosa pine on the Gila NF. Surveys in the mid-1980s found 40% of the 
ponderosa pine on the Gila NF was infected (Maffei et al. 1987), which was slightly higher than the 
Regional average observed (36%) and higher than results from a survey conducted by Andrews and Daniels 
in the 1950s. Dwarf mistletoes are a persistent, chronic infection, and the overall incidence (acres affected) 
changes only slightly from year to year. Horizontal spread through forest stands averages one to two feet 
per year due to the slow development of mistletoe shoots and explosively dispersed seed (Hawksworth 
1961). Dwarf mistletoes usually have a patchy distribution within infested stands and across the landscape. 
Root diseases typically occur at low levels in ponderosa pine stands in the Southwest, but can be more 
severe in localized areas. Dwarf mistletoe stressed-trees are much more susceptible to insects, disease 
and mortality especially when exacerbated by drought. In general, root diseases reduce tree growth and 
longevity, often resulting in small forest openings. For more information see Ryerson (2015). 
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Spatial Niche 
The PPF is widespread and at 3,805,078 acres (8.1%) within the context area and 630,280 acres (19.3%) of 
the Gila NF, represents the second largest ERU within both the context area and Forest. The Gila NF 
represents approximately 17% of the total ERU acres within the context area. However, it has a greater 
proportional representation on the Forest (0.41) than in the context area (Table 38). This ERU has a high 
departure in seral state proportion at all scales (Table 32). In general, this ERU has gone from a normally 
large (20 in. +) size tree-open canopy nature to a medium (< 20 in.) sized tree-closed canopy condition 
throughout its range within the context area.  

Table 38. PPF ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

PPF 630,280 19.3 3,805,078 8.1 16.6 0.41 

 

Table 39. PPF ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

 
 

Apache Black Range  

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front  

Upper Gila 
River  

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

219,333 34.8 62,032 9.8 197,615 31.4 28,408 4.5 32,647 5.2 90,245 14.3 630,280 19.3 3,805,078 8.1 

89 High 85 High 91 High 96 High 92 High 94 High 91 High 94 High 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 

The Gila NF’s spatial niche, or influence on this particular ERU has to do with both its higher proportional 
representation on the Forest and the high departure ratings at all scales (Table 39). Although PPF is not 
rare, it is relatively more common on the Forest than in the context areas as a whole; therefore the Forest 
has a greater influence on the integrity and sustainability of this system. The degree of departure in seral 
state proportion at all scales heightens the management responsibility of the Forest.  
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PONDEROSA PINE-EVERGREEN OAK (PPE) ERU  
General Description 
The PPE ERU (Figure 22) occurs in the 
mild climate gradients of central and 
southern Arizona and in southern New 
Mexico, particularly below the Mogollon 
Rim, where warm summer seasons and 
bi-modal (winter-summer) precipitation 
regimes are characteristic. Generally, 
annual precipitation ranges from 13 to 
25 inches, with 40-45% coming between 
October 1st and March 31st. This 
ecological type occurs at elevations 
ranging from 5,500 to 7,200 feet, on 
sites slightly cooler-moister than the 
Madrean Piñon-Oak ERU, and with a 
much greater plurality of ponderosa 
pine. This system is dominated by ponderosa pine and can be distinguished from the PPF ERU by well-
represented evergreen oaks (e.g., Emory oak (Quercus emoryi Torr.), Arizona white oak, silverleaf oak, gray 
oak (Quercus grisea Liebm.)), alligator juniper, and piñon pine. Though not an indicator in the ponderosa 
pine life zone, border piñon (Pinus discolor D.K. Bailey & Hawksw.), along with oneseed juniper (Juniperus 
monosperma (Engelm.) Sarg.) can occur as a dominant or codominant component of the PPE ERU. In terms 
of disturbance, the PPE averaged greater fire severity than the PPF above the Mogollon Rim, and greater 
patchiness with less horizontal uniformity and more even-aged conditions. Site potential, fire history, and 
the importance of perennial grasses versus shrubs in the understory vary on a gradient between two 
provisional subclasses (described below). Understory shrubs include manzanita (Arctostaphylos spp. 
Adans.), Sonoran scrub oak (Quercus turbinella Greene), skunkbush sumac (Rhus trilobata Nutt.), and 
mountain mahogany (Cercocarpus montanus Raf.). Historic management practices including but not 
limited to logging, fire suppression and overgrazing have transformed many of these forests across the 
context area and region (Barton 1995, 1999, 2002; Swetnam and Baisan 1996; Arno 2000; Brown and 
Smith 2000). 

Figure 23 and Figure 24 show the majority of this ERU occurs within the central portion of the context are 
and throughout the Forest. 

 
Figure 22. PPE ERU (photo by M.R. White 2002) 
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Figure 23. General location (in black) of the PPE ERU within the context area 

 

Figure 24. General location (in black) of the PPE ERU within the Gila NF and the six local units 
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The PPE ERU contains two subclasses: 

Ponderosa Pine-Evergreen Oak (Perennial Grass Subclass): This subclass is distinguished from the 
Ponderosa Pine–Evergreen Shrub subclass (described below) by a more continuous layer of perennial 
grasses in the understory and a relatively minor shrub component. These circumstances may be less 
evident in the current condition depending on the degree of shrub encroachment. Trees occur as 
individuals or in smaller groups and range from young to old, but were historically more uneven-aged 
in structure. The understory is dominated by low to moderate density shrubs, with herbaceous plants 
in the interspaces. Common grass species include sideoats grama (Bouteloua curtipendula (Michx.) 
Torr.), hairy grama (B. hirsuta Lag.) a variety of muhly’s (e.g. Muhlenbergia longiligula Hitchc., M. dubia 
Fourn. ex Hemsl., and M. torreyi (Kunth) Hitchc. ex Bush). Fire frequency varied, but averaged higher 
with less severity. These disturbance patterns create and maintain the uneven-aged (grouped) low to 
moderately-closed canopy nature of this type. Site potential and disturbance history also maintained 
oak, juniper, and piñon as subdominant tree components, with herbaceous plants in the interspaces. 

Ponderosa Pine-Evergreen Oak (Evergreen Shrub Subclass): This subclass differs from the former 
subclass, typically favoring moderate to high shrub cover, limited grass cover, higher fire severity, and 
more even-aged conditions characteristic of mixed-severity fire regimes. This type is found on well-
drained soils, frequently with coarse-textured or gravelly (stony) soil characteristics, that favor shrub 
layer development (particularly oaks). Trees occur as individuals or in small groups and patches and 
range from young to old, but typically groups or patches are even-aged in structure.  

Seral State Proportion 
Under reference conditions the majority of the PPE ERU was comprised of multistoried, medium to very 
large size trees with typically an open canopy nature. Historically these forests were dominated by shade 
intolerant shrub and tree species that were adapted to the open canopy characteristics. Reference 
conditions for seral state proportion are taken from The Nature Conservancy’s Madrean Pine-Oak 
Woodlands model (Shussman and Gori 2006). 

Table 40. Seral state make-up of the PPE ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC1 
current 

GNF CA GNF CA 

A 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

4 3 3 3 3 

B 
MID-SERAL: Small size (≥ 5” & < 10” dbh/drc) trees with closed woody canopy 
cover 3 12 18 3 3 

C MID-SERAL: Small size trees with open woody canopy cover 24 8 6 8 6 

D 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees, single-storied or 
uneven-aged (multi-storied) with open woody canopy cover 

60 20 10 20 10 

E 
LATE-SERAL: Medium to very large size trees, single-storied or uneven-aged 
(multi-storied) with closed woody canopy cover 

4 53 60 4 4 

F 
EARLY-SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open or closed 
woody canopy cover 

5 4 3 4 3 

Total  100 100 100 42 29 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 42) = 58 = MODERATE; and Context Area = (100 – 29) = 71 
= HIGH 

ǂ Schussman and Gori 2006; USDA FS 2010b 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 
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As shown in Table 40, at the plan and context scale, departure in seral state proportion is moderate. All 
local units within the plan area are also in moderate departure with the exception of the Lower Gila River 
local unit which is in high departure. The majority of the PPE ERU consists of medium size trees, single or 
multi-storied with closed woody canopy cover.  Currently there is a sizeable over representation of small 
and medium size trees, single or multi-storied with closed woody canopy cover (seral states B, E) and a 
significant under representation of medium to very large size trees, multi-storied with open woody canopy 
cover (seral states C, D). Similar to the other forested ERUs on the Gila, there is almost no (<1%) 
representation of very large size trees (20 in. +). The discussion of what this may or may not imply for the 
status of old growth presented in the seral state proportion analysis of the previous forested ERUs, also 
applies here.  

These conditions have resulted from the cumulative effects of past timber harvest practices, fire 
suppression, legacy issues related to past historic overgrazing and in some places, current herbivory by 
wildlife and livestock. Chapter 9: System Drivers and Stressors discusses these management factors in 
greater detail. Projected trends in seral state proportion under current management as described by the 
results of the VDDT modeling are displayed in Figure 25. Recall that the trend analysis is conducted at the 
plan scale only. 

 

Figure 25. Gila NF overstory vegetation successional structural states for PPE ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 58% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 53% or moderate departure from RC 
Y100 = State and transition modeling results at 100 years = 50% or moderate departure from RC 
2 See Table 40 for a description of the overstory vegetation successional structural states 
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The VDDT modeling indicates that under current management (and the current climatic regime) existing 
departure in seral state proportion improves by approximately eight percentage points, with a slight 
increase in early seral states and a corresponding decrease in mid and late seral states. As reflected in the 
modeling inputs and briefly discussed in Chapter 11: Multiple Uses, most restoration emphasis and related 
fire and non-fire vegetation management activities occur in the PPF and PPE ERUs. However, it is curious 
that current management is apparently moving this ecosystem toward the reference, but is not having a 
measurable impact on vegetation structure in the PPF. Better understanding and consideration of local 
physical ecosystem factors (e.g. slope, aspect, geology soil characteristics) influencing vegetation structure 
not well described in the current scientific literature, may increase the effectiveness of restoration efforts 
in these ERUs.   

Patch Size  

Table 41. Gila NF current departure of patch size in Ponderosa Pine Evergreen Oak 
Reference Range: 0.02 to 50 ac. 

Current Mean: 34 ac 

Departure:  Low 

 
As shown in Table 41, patch size departure is low in the PPE ERU. With the increase in smaller trees and 
shrubs and degree of canopy closure indicated by high departure in seral state proportion, low departure 
in patch size may depict increased density within patches, rather than infill of openings. However, 
additional information from field investigations would be required to confirm or disprove this 
interpretation.  

Coarse Woody Debris and Snag Density  

Table 42. Gila NF current and projected departure of coarse woody debris in Ponderosa Pine 
Evergreen Oak 
 Coarse Woody Debris Departure/Trend 
Reference: 4.0 T/ac.  

Current: 23.8 T/ac. High 

100-years: 23.8 T/ac. High/Static 

 
As shown in Table 42, currently, there is nearly 6 times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). This is likely due to the combination of historic fire suppression, higher tree 
densities than under reference conditions and mortality due to increased competition and drought, as 
well as slow decomposition rates. While mortality due to insects and disease also adds coarse woody 
debris to the system, it is unlikely a significant contributor to departure at this time. Insects and disease, 
relative to this ERU are discussed under that subheading. Because the data used to assess this 
characteristic has wide ranging dates of collection, it may not accurately reflect all the restoration work 
that has been done in the PPE on the Forest.   

Table 43. Gila NF current and projected departure of snags in Ponderosa Pine Evergreen Oak 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 6.0/ac.  1.0/ac.  

Current: 6.4/ac. Low 1.5/ac. Moderate 

100-years: 6.4/ac. Low/Static 1.5/ac. Moderate/Static 

As shown in Table 43, there is currently nearly 1 to 1-½ times the number of snags per acre than historically 
(Weisz et al. 2011). While all of the factors contributing to departure in coarse woody debris likely 
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influence this characteristic as well, the primary factor contributing to the increase in snags is likely 
mortality due to drought and increased competition.  

Fire Regime  
The PPE ERU supported a range of fire regimes. Frequent, low intensity fire was historically typical of this 
ERU where it supports a predominantly grassy understory, similar to the PPF ERU. In systems with a more 
robust shrub component, fires were historically mixed severity and occurred less frequently, similar to 
woodland systems such as the Madrean Piñon-Oak Woodland ERU.  Frequent low intensity surface fires 
allow fire resistant pines to dominate a site and maintain an open stand structure. Additionally, short fire-
free periods, between 20 and 30 years in length, are necessary to allow for periodic pine regeneration 
(Barton et al. 2001).  

Given the Madrean influence on the floristics of the ERU, it is worth noting that relatively little is known, 
about the role of fire in the Madrean vegetation that covers portions of the mountains in southern New 
Mexico (Ffolliott et al. 1996). According to LANDFIRE (2007c), the fire regime of this ecological system is 
almost completely unknown. It would seem that fire occurrence was determined primarily by fire 
occurrence in the surrounding matrix vegetation, and was ignited by lightning (Gottfried et al. 1995) during 
early summer (LANDFIRE 2007c). However, McPherson and Weltzin (2000) and Barton (2002), reported 
that this ecosystem was characterized by frequent, moderate-intensity fire during presettlement times. 
This system is likely predisposed to stand-replacement fires during the earliest stage of stand 
development. Replacement fires are assumed to have occurred every century or so, and mixed severity 
fires slightly less frequently (LANDFIRE 2007c). 

Fire Frequency  

Table 44. Reference and current Gila NF fire frequency for Ponderosa Pine Evergreen Oak 
Reference: MFRI*2-200+ yrs. 

(FFǂ = average rotation = 12.5 yrs., non-lethal rotation = 6.6 yrs., and mixed severity rotation 
= 110 yrs.) 

Current: FF = 36 yrs. 

Departure: Low 
*Barrett et al. 2010; Wahlberg et al. 2014; Krausmann and Triepke 2014 
ǂ Baisan and Swetnam 1990; Swetnam et al. 1992; Kaib et al. 1996; Kaib 2001; Schussman and Gori 2006, Abella and Fulé 2008; 
LANDFIRE 2007b, 2008a; Krausmann and Triepke 2014; Swetnam and Falk, 2015 

 
As shown in Table 44, in the last 19 years (1996-2015), average fire frequencies at the plan scale are similar 
to what is known about the reference period for those systems with a predominantly grassy understory 
(perennial grass subclass) but may be too frequent for those systems with a predominately shrubby 
understory (evergreen shrub subclass) which naturally tend to lower fire frequencies (less often) and 
mixed severity. Where fire occurs frequently in the evergreen shrub subclass of this ERU on the Forest, 
increasing densities of oak and juniper species are often observed. This is also the case for any 
management activity that decreases overstory canopy cover where oak and/or juniper species are present 
(see Chapter 9: System Drivers and Stressors for additional discussion of these dynamics). Fire frequency 
departure is also low within the context area (FF=219 yrs.) and all local units (FF range between 13 and 
166 yrs.) However, fire frequencies in the context area may not be frequent enough in the perennial grass 
subclass or in the Forest’s Apache, Lower Gila or Mogollon Front local units. Fire frequencies in the Black 
Range, Little Colorado-San Agustin Fringe and Upper Gila River local units may be too frequent for the 
evergreen shrub subclass. Site specific evaluation and differentiation between the two subclasses is 
particularly important to inform fire management in this ERU. These differences in subclass fire regimes 
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add to the uncertainty associated with departure in fire frequency. Of course, some of this may simply be 
due to patterns natural ignitions during the time frame used in the analysis. 

Fire Severity 
The 19-year (1996-2015) average annual acres burned by wildfires within the PPE ERU on Forest is 10,632 
acres; roughly 85% at low severity, 12% at moderate severity and 2% at high severity. Current average fire 
severity at the plan scale higher (~19%) than reference condition’s 15% (Krausmann and Triepke 2014), 
but still within the low departure category. Fire severities are also higher in all local units to varying degrees 
with Mogollon Front in high departure (~73% avg. severity), Black Range in moderate departure (~22%) 
and the remaining local units in low departure with average severities ranging from approximately 15% to 
26%. Generally, fire has burned at low severity levels within the PPE ERU. Average severities higher than 
the reference, may indicate the presence of a stronger oak component and/or increased tree and/or shrub 
densities as compared to the reference condition.  

 

Fire Regime Condition Class (FRCC)  
 

Table 45. Gila NF Reference FRCC and Departure for Ponderosa Pine-Evergreen Oak 
Reference:  FRCC I 

Current: FRCC I = 0% FRCC II = 100% FRCC III = 0% 

Departure:  High, Trend Static 
ǂ Barrett et al. 2010; Wahlberg et al. 2014; Krausmann and Triepke 2014 

 

As shown in Table 45, the entirety of this ERU falls within the FRCC II category at the plan scale and in all 
local units, indicating a moderate departure from the historic fire regime. This is primarily attributable to 
moderate departure in seral state proportion, although higher fire severities contribute in some local units. 
As discussed previously, seral state proportion departure may be inflated due to limitations of the data 
available to describe the reference condition. The importance and influence of local physical ecosystem 
characteristics such as slope, aspect, geology and physical and chemical soil characteristics, are not well 
described in the literature. However, these ecosystem characteristics strongly influence vegetation 
structure on the Forest. The context area has a FRCC of III indicating high departure, again reflecting high 
departure in seral state proportion. Again, because of the sparse information describing the reference 
condition and that this analysis does not distinguish between the perennial grass and evergreen shrub 
subclasses, there is a degree of uncertainty associated with departure ratings.  

Insects and Disease 
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 2,145 acres. 
The highest level occurred in 2003 at 13,731 acres. Nearly 10% of this ERU has been affected by insect and 
disease activities since 1997.  

Due to the fact that many of the same tree and shrub species that occur within the PPF and the woodlands 
(JUG, MPO, PJC, PJG and PJO ERUs) also occur within the PPE ERU, it is likely that many of the insect and 
diseases that affect those ERUs, affect the PPE ERU. Those of the PPF likely affect the higher elevations of 
the PPE and those from the woodlands affect the lower elevations. 
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Spatial Niche 
The PPE is not widespread within the context area at 622,820 acres (1.3%). However, within the Gila NF 
this ERU is 378,156 acres (11.6%) of the Forest. Within the context area landscape this ERU is represents 
the 9th largest ERU, but represents the 4th largest ERU on the Forest. In addition it has a greater 
proportional representation on the Forest (0.79) than in the context area (Table 46). In fact, it has the 
highest proportional representation of any ERU on the Forest. This ERU has a moderate departure rating 
in seral state proportion on the Forest and most local units, but a high departure in the Lower Gila River 
local unit and the context area (Table 40). In general, this ERU has gone from a normally large (20 in. +) 
size tree-open canopy nature to a medium (< 20 in.) sized tree-closed canopy condition throughout its 
range within the ecoregion.  

Table 46. PPE ERU acreage, percent, and relative proportion on Forest and context area  

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

PPE 378,156 11.6 622,820 1.3 60.7 0.79 

 

Table 47. PPE ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

87,665 23.2 54,123 14.3 56,971 15.1 70,161 18.6 36,037 9.5 73,199 19.4 378,156 12.1 622,820 1.3 

56 Moderate 51 Moderate 57 Moderate 72 High 53 Moderate 57 Moderate 58 Moderate 71 High 

1 Seral state departure from reference condition: Low = 0-33%;   = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with both its higher proportional 
representation on the Forest and the difference in seral state departure between the Forest and the 
context area (Table 47). The Gila NF has a greater influence on the sustainability of this system because it 
is relatively more common than it is within the context area, and the higher degree of departure in the 
context area heightens this influence. These factors may also indicate the potential of the Forest to act an 
important refuge for this ERU, which again increases the responsibility of the Forest to restore and 
maintain ecological integrity. 
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Woodland ERUs 
 

MADREAN PIÑON-OAK WOODLAND (MPO) ERU 
 

General Description 
The Madrean Piñon-Oak Woodland ERU 
(Figure 26) is concentrated in the 
Madrean province and is dominated by 
an open to closed canopy of evergreen 
oaks such as Arizona white oak, alligator 
juniper, Mexican piñon (Pinus 
cembroides Zucc.), Chihuahua pine, and 
other various pines with a grassy 
understory. Understories may be 
variable and may be dominated by 
shrubs such as manzanita, Mexican 
cliffrose (Purshia mexicana (D. Don) 
Henrickson), Apache plume (Fallugia 
paradoxa (D. Don) Endl. ex Torr.), or 
barberry (Berberis spp. L.). Common 
herbaceous species include sideoats grama, cane bluestem (Bothriochloa barbinodis (Lag.) Herter), and 
several species of muhlys. In general, graminoids decrease in cover and biomass with increasing cover of 
woody plants (LANDFIRE 2008c) Elsewhere in the region, as far east as the southern Rocky Mountains, 
plant communities dominated by tree-form evergreen oaks with or without piñon and juniper 
codominants have been placed in the Madrean Piñon-Oak Woodland as a provisional resort, pending 
revision of the ERU framework. Some of the MPO mapped on the Forest falls within this provisional 
classification. In these cases, the composition differs from communities of the Madrean province, though 
the form and dynamics of the system are consistent with the ERU concept. Vegetation structural 
development is apparently determined by soil type and depth (Gottfried et al. 1995). Stands commonly 
are located in a variety of sites including along drainages, on rocky slopes, and on alluvial basin fill and fans 
(USDA FS 1997). This ERU is transitional with the Ponderosa Pine-Evergreen Oak ERU but lacks dominance 
of large pine species (i.e. Arizona pine, Apache pine, and Chihuahuan pine). Madrean Piñon-Oak 
Woodlands usually occupy foothills and mountains ranging from approximately 4,000 to 7,000 ft. in 
elevation. Climate generally consists of mild winters and wet summers with mean annual precipitation 
ranging from about 10 to 25 inches with 55-60% coming between April 1st and September 31st. Historically 
this ERU had over 10% tree canopy cover, with the exception of early, post-fire plant communities. This 
ERU was previously named “Madrean Pine-Oak Woodland” but was changed to better reflect the 
woodland nature of the unit, and avoid confusion with other classification approaches with regards to 
“Madrean Pine” (Wahlberg et al. 2014).  

Figure 27 and Figure 28 show that the show the distribution of this ERU within the context area and Forest. 

 
Figure 26.  MPO ERU (Wahlberg et al. 2014) 
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Figure 27. General location (in black) of the MPO ERU in the context area 

 

Figure 28. General location (in black) of the MPO ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the MPO ERU was comprised of small and medium to very 
large size trees with open woody canopy cover. Currently it is a mix of grass, forb, sparsely vegetated or 
recently burned with very open woody canopy cover, and shrubs with open or closed woody canopy cover, 
and seedling/sapling size trees with open or closed woody canopy cover.   

Table 48. Seral state make-up of the MPO ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

4 8 12 4 4 

B, E 
EARLY-SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open or closed 
woody canopy cover 

5 8 2 5 2 

C 
MID-SERAL: Small size (≥ 5” & < 10” dbh/drc) trees with open woody canopy 
cover 

24 26 10 24 10 

D 
LATE SERAL: Medium to very large size (≥ 10” dbh/drc) trees with open woody 
canopy cover 

60 41 17 41 17 

F MID-SERAL: Small size trees with closed woody canopy cover 3 5 23 3 3 

G LATE-SERAL: Medium to very large size trees with closed woody canopy cover 4 13 36 4 4 

Total  100 100 100 81 40 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 81) = 19 or LOW; and Context Area = (100 – 40) = 60 or 
MODERATE 

ǂ USDA FS 2010f; Schussman and Gori 2006; LANDFIRE 2007d and 2007h 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
At the plan scale and most local units where the MPO ERU is mapped, seral state departure is low. 
Departure is moderate in the Black Range and Little Colorado-San Agustin Fringe local units and within the 
context area. Where departure is moderate, there is a small over representation of grass, forb, sparsely 
vegetated or recently burned with very open woody canopy cover, and shrubs with open or closed woody 
canopy cover (seral state A), seedling/sapling size trees with open or closed woody canopy cover (seral 
state B, E), medium to very large size trees with closed woody canopy cover (seral state G); with a 
concurrent under representation of medium to very large size trees with open woody canopy cover (seral 
state D). Similar to the forested ERUs on the Gila, there is almost no (<1%) representation of very large 
size trees (20 in. +). The discussion of what this may or may not imply for the status of old growth presented 
in the seral state proportion analysis of the previous forested ERUs, also applies here. Where departure 
exists, current conditions have resulted from the cumulative effects of fire suppression, firewood 
harvesting, legacy issues related to past historic overgrazing and in some places, current herbivory by 
wildlife and livestock. Chapter 9: System Drivers and Stressors discusses these management factors in 
greater detail.  

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 29. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 29. Gila NF overstory vegetation successional structural states for MPO ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 19% or low departure from RC 
Y10 = State and transition modeling results at 10 years = 31% or low departure from RC 
Y100 = State and transition modeling results at 100 years = 90% or high departure from RC 
2 See Table 48 for a description of the overstory vegetation successional structural states 

 
Currently, the MPO is similar to reference conditions. However, under continuation of current 
management, projected departure is high as early seral conditions decrease over time and late seral state 
states move from a predominantly open canopy structure to a closed canopy structure.  

Patch Size  
There is no data to assess patch size for this ERU. 

Coarse Woody Debris and Snag Density  

Table 49. Current and projected departure of coarse woody debris in Madrean Piñon-Oak 
Woodland 
 Coarse Woody Debris Departure/Trend 
Reference: 3.3 T/ac.  

Current: 18.3 T/ac. High 

100-years: 18.3 T/ac. High/Away from Reference 
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As shown in Table 49, there is currently nearly 5 times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). This is likely due to departure in fire frequency (see below), drought and 
insect and disease related mortality, and slow decomposition rates.  

Table 50. Gila NF current and projected departure of snags in Madrean Piñon-Oak Woodland 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 4.0/ac.  1.0/ac.  

Current: 4.3/ac. Low 0.7/ac. Low 

100-years: 4.3/ac. 
Low/Away from 

Reference 
0.7/ac. 

Low/Away from 
Reference 

As shown in Table 50, snag density departure is low which most likely reflects low departure in seral state 
proportion. It also indicates that drought and insect and disease related mortality have not yet affected 
this ERU to the degree they have other ERUs, despite the fact that there is insect or disease outbreaks 
have been widespread in the MPO (see below). Additionally, some mortality of junipers due to abrupt 
declines in winter temperatures has been observed within some areas of the Forest, however these 
observations have not been tied to a particular ERU as the Gila NF ERU framework was not in place at the 
time. 

Fire Regime 
The fire regime of the MPO ERU is characterized by frequent and infrequent mixed severity fire. The 
limitations of the current scientific understanding in Madrean systems, presented previously in the 
discussion of the PPE fire regime are also relevant to the MPO.  

Fire Frequency  

Table 51. Reference and current Gila NF fire frequency for Madrean Piñon-Oak Woodland 
Reference: MFRI*=35-200+ yrs. 

(FFǂ = average fire rotation = 13 yrs. and non-lethal fire rotation = 13 yrs. Surface fire and 
mixed severity, 6 to 12 yrs.; Stand replacement fire, 500 yrs. 

Current: FF = 633 yrs. 

Departure: High 
*Barret et al. 2010; Wahlberg et al. 2014; Kraussman and Triepke 2014 
ǂ Fulé and Covington 1996, 1997, 1998 and 1999; Kaib et al. 1996; Swetnam and Baisan 1996; Barton 1999 and 2002; Fulé et al. 
2000 and 2005; Swetnam et al. 1992 and 2001; Schussman and Gori 2006; Schussman et al. 2006; LANDFIRE 2007d and 2008c; 
Krausmann and Triepke 2014 

 

As shown in Table 51, in the last 19 years (1996-2015), fire has likely not occurred as frequently, on average, 
at the plan scale and in the Mogollon Front local unit as it did historically. This However, the context scale 
(FF=259 yrs.) and the Forest’s Upper Gila River local unit (FF= 60 yrs.) are in low departure. There is no 
data to assess fire frequency in other local units where MPO is mapped. Restoring fire as a natural 
ecological process has been a management priority over the last 19 years, but the major focus has not 
necessarily been on this ERU. Of course, patterns of natural ignitions during the time frame used in the 
analysis, and the limited number of MPO acres on Forest also have some explanatory value. That is to say, 
there isn’t very much of this ERU on the Forest, it tends to occur in relatively small and isolated patches 
which lowers the likelihood that a lightning strike might occur in or adjacent to this ERU and initiate a fire 
is less than it would be if it was more common. The Forest may not have been presented with the 
opportunity to manage a natural ignition in the MPO, and the management focus has been elsewhere. 
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On the other hand, departure in fire frequency may also reflect factors that reduce the fine fuels necessary 
to carry fire, particularly livestock grazing, as the herbaceous plants that provide forage are also the 
primary source of fine fuels. Fire suppression may also be a factor where Wildland Urban Interface, or 
other highly valued resources are at risk, when fire weather and fuel conditions do not support the 
achievement of the management objectives, or when resources needed to manage a particular fire are 
unavailable. Resources to manage fires may be unavailable when they are committed to managing or 
suppressing fires elsewhere.  

Fire Severity 
The 19-year (1996-2015) average annual area burned by wildfire within the MPO ERU on Forest is 27 acres; 
roughly 97% at low severity, 3% at moderate severity and 0% at high severity. Current average fire severity 
is approximately the same as the reference condition’s 13% (Schussman et al. 2006) (13-14% average 
severity), across the Forest and within each local unit that contains MPO and has severity data, indicating 
low departure. This is attributable to low departure in seral state proportion.  

Fire Regime Condition Class (FRCC)  

Table 52. Gila NF Reference FRCC and Departure for Madrean Piñon-Oak Woodland 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 79.5% FRCC III = 0.0% No data = 20.5% 

Departure:  High, Away from Reference 
ǂ Krausmann and Triepke 2014 

 
As shown in Table 52, all of this ERU with available data is classified as FRCC II, indicating a moderate 
departure in the fire regime. This is primarily due to high departure in fire frequency, which is lower than 
under the reference time period.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 655 acres. The 
highest level occurred in 2003 at 8,170 acres. Overall, nearly 68% of this ERU has been affected by insect 
and disease activities since 1997, giving it a high departure rating. There is no information regarding 
specific insects or diseases active in the MPO ERU, but it is likely that the same drivers and stressors as in 
the other woodlands are active within this ERU. 

Spatial Niche 
The MPO is generally limited to the southwestern portion of the context area at 902,219 acres or 1.9%. 
On the Gila NF its 17,361 acres or 0.5% is scattered, but found primarily within the southwestern portion 
of the Forest. The MPO represents the 8th largest ERU in the context area and the 2nd smallest upland ERU 
on the Forest. In addition, it has a lower proportional representation on the Forest (-0.57) than in the 
context area (Table 53). This ERU has a low seral state proportion departure rating on the Forest, however, 
departure varies from low to moderate within the Forest’s local units (Table 54).  Departure is moderate 
within the context area.  

Table 53. MPO ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

MPO 17,361 0.5 902,219 1.9 1.9 -0.57 
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Table 54. MPO ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

855 4.9 252 1.5 869 5.0 0 0.0 13,794 79.5 1,591 9.2 17,361 0.5 902,219 1.9 

26 Low 36 Moderate 49 Moderate  19 Low 27 Low 19 Low 60 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 

The Gila NF’s spatial niche, or influence on this particular ERU has to do with both its lower proportional 
representation on the Forest and the lower overall departure in seral state proportion as opposed to the 
context area. The Gila NF has a smaller influence on the sustainability of this system because it is relatively 
less common than it is within the context area, but the higher degree of departure in the context area 
raises the importance of the Gila NF’s management of this ERU as it may serve as an important refuge for 
this ERU in the future. Therefore, the Forest has a high degree of responsibility to maintain and/or restore 
ecological integrity in the MPO ERUs.  
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PIÑON-JUNIPER/EVERGREEN SHRUB WOODLAND (PJC) ERU 
 

 

General Description  
The PJC ERU (Figure 30) is typically found on lower slopes in 
transition zones, often between interior chaparral and 
montane forests, and is most extensive in geographic areas 
dominated by mild climate gradients and bi-modal 
precipitation regimes. The PJC ERU is a broad grouping of 
different plant associations for descriptive purposes, with tree 
and shrub species composition varying throughout the Region. 
Historically this ERU had greater than 10% tree canopy cover in 
later successional stages, expressed by twoneedle piñon, single 
leaf piñon, Utah juniper, oneseed juniper, or alligator juniper. 
Piñon is occasionally absent, but one or more juniper species 
are always present. Oak trees (i.e., Arizona white oak, gray oak, 
Emory oak) are subordinate, but are consistently present in 
mild climate zones between central Arizona and southwestern 
New Mexico. Trees occur as individuals or in smaller groups and 
range from young to old, but typically small stands or clumps 
are even-aged in structure as a consequence of mixed severity 
fire (at least historically). The understory is dominated by low to moderate density shrubs, with 
herbaceous plants in the interspaces. Shrub species include species of manzanita, mountain mahogany, 
antelope bitterbrush (Purshia tridentata (Pursh) DC.), silktassles (Garrya spp. Douglas ex Lindl.), Stansbury 
cliffrose (Purshia stansburiana (Torr.) Henrickson), Sonoran scrub oak, and sumacs (Rhus spp. L.). 

Typical drivers and stressors (fire, insects, and disease) are mixed severity and moderate, although some 
evergreen shrub woodland types exhibit infrequent fire/high severity effects (FR IV, 35-200 years, 
replacement severity; e.g., piñon-juniper/manzanita). These disturbance patterns create and maintain 
tree-age diversity and low to moderately-closed canopy typical of this type. Understory plants consisting 
of perennial native grasses and both annuals and perennial forbs comprise the remainder of the inter-
canopy interspaces. Climate generally consists of mild winters and wet summers with mean annual 
precipitation ranging from about 10 to 25 inches with 55-60% coming between April 1st and September 
31st. The PJC ERU is found on well-drained soils, frequently with coarse-textured or gravelly (stony) soil 
characteristics. Aside from disparities in structure and composition, PJC can also be differentiated from 
interior chaparral by longer fire intervals and less severe fire events. Due to the effects of long-term fire 
suppression, in many locations the current condition is severely departed from historic conditions. 
Typically these changes include in-filling of the canopy gaps, increased density of tree groups, and reduced 
composition, density and vigor of the herbaceous understory plants. Many of these sites currently are 
closed-canopy woodlands, with insufficient understory vegetation to support surface fires. 

Figure 31and Figure 32 show that the show the distribution of this ERU within the context area and Forest. 

 
Figure 30. PJC ERU (photo by L.J. 

WhiteTrifaro 2008) 
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Figure 31. General location (in black) of the PJC ERU within the context area 

 
Figure 32. General location (in black) of the PJC ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the PJC ERU was comprised of seedling/sapling size trees with 
open or closed woody canopy cover, and small size trees with open woody canopy cover and medium to 
very large size trees with open woody canopy cover (Table 55). Historically, the disturbance patterns 
caused by the drivers and stressors, mentioned above, created and maintained tree-age diversity and low 
to moderately-closed canopy typical of this type. Understory plants consisting of perennial native grasses 
and both annuals and perennial forbs comprise the remainder of the inter-canopy interspaces (Wahlberg 
et al. 2014). 

Table 55. Seral state make-up of the PJC ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

5 1 12 1 5 

B, C, E 
MID-SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open or closed 
woody canopy cover, and small size (≥ 5” & < 10” dbh/drc) trees with open 
woody canopy cover 

55 15 13 15 13 

D 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees with open woody 
canopy cover 

40 34 40 34 40 

F MID-SERAL: Small size trees with closed woody canopy cover 0 12 11 0 0 

G LATE-SERAL: Medium to very large size trees with closed woody canopy cover 0 38 21 0 0 

Total  100 100 100 50 58 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 50) = 50 or MODERATE; and Context Area = (100 – 58) = 42 
or MODERATE 

ǂ USDA FS 2010g; LANDFIRE 2007d, 2007i, 2008c 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High) 

 
At the plan and context scale, seral state proportion departure is moderate. However, within the Forest’s 
local units, departure varies from moderate to high. In the Mogollon Front and Little Colorado-San Agustin 
Fringe local units, where most of the PJC on the Forest occurs, departure is moderate. Departure is high in 
all other local units except Upper Gila River, where PJC does not occur. Currently there is an over 
representation of small size trees with closed woody canopy cover (seral state F), and medium to very 
large size trees with closed woody canopy cover (seral state G); with a concurrent under representation of 
seedling/sapling size trees with open or closed woody canopy cover, and small size trees with open woody 
canopy cover (seral state B, C, E), and medium to very large size trees with open woody canopy cover (seral 
state D). Similar to the forested ERUs on the Gila, there is almost no (<1%) representation of very large 
size trees (20 in. +). The discussion of what this may or may not imply for the status of old growth presented 
in the seral state proportion analysis of the previous forested ERUs, also applies here. Departure has 
resulted from the cumulative effects of past fire suppression, firewood harvesting, legacy issues related to 
past historic overgrazing and in some places, current herbivory by wildlife and livestock. Chapter 9: System 
Drivers and Stressors discusses these management factors in greater detail.  

  
Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 33. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 33. Gila NF overstory vegetation successional structural states for PJC ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 50% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 54% or high departure from RC 
Y100 = State and transition modeling results at 100 years = 55% or moderate departure from RC 
2 See Table 55 for a description of the overstory vegetation successional structural states 

 
Under continuation of current management (and under the current climatic regime), projected departure 
remains moderate. However, early seral and closed canopy mid-seral conditions increase over time as 
open canopy mid-seral states decline. This is most likely a reflection of the oak and alligator juniper 
components of the PJC ERU, which typically re-sprouts and regenerates easily after disturbances that 
decrease canopy closure and/or restarts successional processes, and suggests a shift in species 
composition might accompany these changes in seral states. 

Patch Size  
There is no data to assess patch size for this ERU. 

Coarse Woody Debris and Snag Density  

Table 56. Gila NF current and projected departure of coarse woody debris in PJ-Evergreen Shrub 
 Coarse Woody Debris Departure/Trend 
Reference: 3.1 T/ac.  

Current: 13.3 T/ac. High 

100-years: 13.3 T/ac. High/Static 
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As shown in Table 56, there is currently nearly 4-½ times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). This is primarily due to departure in fire frequency, mortality caused by 
interactions between increased competition, drought and insects and disease, as well as slow 
decomposition rates. 

Table 57. Gila NF current and projected departure of snags in PJ-Evergreen Shrub 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 3.0/ac.  1.0/ac.  

Current: 4.7/ac. Moderate 1.5/ac. Low 

100-years: 4.7/ac. Moderate/Static 1.5/ac. Low/Static 

As shown in Table 57, there is currently nearly 1 to 1-½ times the number of snags per acre than historically 
(Weisz et al. 2011). This is likely due to the same factors influence coarse woody debris. Additionally, some 
mortality of junipers due to abrupt declines in winter temperatures has been observed within some areas 
of the Forest, however these observations have not been tied to a particular ERU as the Gila NF ERU 
framework was not in place at the time.  

Fire Regime  
The PJC ERC fire regime is characterized by both frequent and infrequent mixed severity fire.  

Fire Frequency 

Table 58. Reference and current Gila NF fire frequency for PJ Evergreen Shrub  
Reference: MFRI*= 35-200 yrs. 

(FFǂ = average rotation = 206.3 yrs., mixed severity rotation = 213 yrs., and stand 
replacement rotation = 200 yrs.) 

Current: FF = 429.4 yrs. 

Departure: Moderate 
*Wahlberg et al. 2014; Krausmann and Triepke 2014 
ǂ LANDFIRE, 2007d and 2007i, and 2008c; Wahlberg et al. 2014; Krausmann and Triepke 2014 
 

As shown in Table 58, in the last 19 years (1996-2015), fire has not occurred as frequently, on average, in 
this system as it did historically. Departure is moderate at the context scale (FF= 672 yrs.), plan scale (Table 
X) and in the Black Range (FF=633 yrs.) and Mogollon Front (FF= 443 yrs.). Departure is low in the Little 
Colorado-San Agustin Fringe local unit (FF= 192 yrs.). There is no data to available to analyze fire frequency 
in the Apache and Lower Gila local units and there is no PJC in Upper Gila River.  

Restoring fire as a natural ecological process has been a management priority over the last 19 years, but 
the major focus has been on other ERUs. Of course, patterns of natural ignitions during the time frame 
used in the analysis, and the limited number of MPO acres on Forest also have some explanatory value. 
That is to say, there isn’t very much of this ERU on the Forest, it tends to occur in relatively small and 
isolated patches; the likelihood that a lightning strike might occur in or adjacent to this ERU and initiate a 
fire is less than it would be if it was more common. The Forest may not have been presented with the 
opportunity to manage a natural ignition in the PJC, and the management focus has been elsewhere. 

On the other hand, departure in fire frequency may also reflect factors that reduce the fine fuels necessary 
to carry fire, particularly livestock grazing, as the herbaceous plants that provide forage are also the 
primary source of fine fuels. Fire suppression may also be a factor where Wildland Urban Interface, or 
other highly valued resources are at risk, when fire weather and fuel conditions do not support the 
achievement of the management objectives, or when resources needed to manage a particular fire are 
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unavailable. Resources to manage fires may be unavailable when they are committed to managing or 
suppressing fires elsewhere.  

Fire Severity 
The 19-year (1996-2015) average annual acres burned by wildfire within this ERU on Forest is 25 acres; 
roughly 95% at low severity, 5% at moderate severity and 0% at high severity. Current average fire severity 
is at the plan scale is approximately 15%, much lower than reference condition’s 70% (Schussman et al. 
2006), giving it a high departure rating. Similar average severity percentages in all local units containing 
PJC also indicate high departure. Generally, fire has burned mostly at low severity levels within the PJC 
ERU, rather than the mixed severity characteristic of the natural fire regime. Lower severity is likely tied to 
lower fire frequencies. 

Fire Regime Condition Class (FRCC)  

Table 59. Gila NF Reference FRCC and Departure for PJ Evergreen Shrub 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 71.7% FRCC III = 19.7% No data = 8.6% 

Departure:  Moderate, Trend Static 
ǂ Krausmann and Triepke 2014 

 

As shown in Table 59, while almost 20 percent of this ERU is categorized as being in FRCC III, most is in 
FRCC II which is indicative of moderate departure from the natural fire regime at the plan scale. Departure 
is also moderate at the context scale and in all local units containing PJC with all data components available 
except the Black Range local unit which is in high departure (FRCC III). This correlates with seral state 
proportion, fire frequency and average severity departures; the Black Range local unit is the only analysis 
area with two of these characteristics in a high departure category. At the context scale, departure in the 
natural fire regime is also moderate (FRCC II). 

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 811 acres. The 
highest level occurred in 2003 when the entire ERU was affected. Overall, nearly 100% of this ERU has 
been affected by insect and disease activities since 1997. There is no information regarding specific insects 
or diseases active in the PJC, but it is likely that the same drivers and stressors as in the other woodlands 
are also active within this ERU. 
Spatial Niche 
The PJC is generally limited to scattered location within the context area, however, the greatest 
concentration is in the southeastern portion of the context area at 401,552 acres or 0.9% it is the context 
area’s 12th largest ERU (Table 5). On the Gila NF its 10,678 acres or 0.3% is scattered, but primarily found 
within the southwestern portion of the Forest. The PJC represents the smallest upland ERU on the Forest. 
In addition, it has a lower proportional representation on the Forest (-0.45) than in the context area (Table 
60). This ERU has a moderate seral state proportion departure rating at both the plan and context scales 
(Table 61), however, departure varies from moderate to high across the Forest’s local units where PJC 
occurs.  
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Table 60. PJC ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

PJC 10,678 0.3 401,552 0.9 2.7 -0.45 

 

Table 61. PJC ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

909 8.5 2,100 19.7 1,449 13.3 17 0.2 6,203 58.1 0 0.0 10,678 0.3 401,552 0.9 

96 High 76 High 62 Moderate 99 High 46 Moderate  50 Moderate 42 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with both its lower proportional 
representation on the Forest, the departure in seral state proportion and its relative rarity on the Forest 
and across the context area. The Gila NF has a smaller influence on the sustainability of this system. 
Although it has less opportunity to contribute to sustainability, the rarity of the PJC heightens the 
responsibility of the Forest to restore and maintain ecological integrity in this ecosystem as it may serve 
as an important refuge in the future.  
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PIÑON-JUNIPER WOODLAND (PJO) ERU 
 

General Description 
Also called the “piñon-juniper persistent 
woodland,” the PJO ERU (Figure 34) 
serves as a broad grouping of different 
plant associations for descriptive 
purposes. Trees may occur as individuals 
or in smaller groups and range from 
young to old, but more typically as large 
even-aged structured patches. The site is 
characteristically dominated by 
moderate to high density tree canopy, 
and a limited understory of herbaceous 
plants and shrubs. It is mostly found on 
lower slopes of mountains and in upland 
rolling hills at approximately 4,500 to 
7,500 feet in elevation. Generally, annual 
precipitation ranges from 11 to 22 inches, with 40-45% coming between October 1st and March 31st.  

Tree and shrub species composition varies throughout the Southwest and common trees include 
twoneedle piñon (Pinus edulis), singleleaf piñon (Pinus monophylla Torr. & Frém.), Utah juniper (Juniperus 
osteosperma (Torr.) Little), oneseed juniper, and alligator juniper. Typically, sparse native understory 
grasses are perennial species, such as several species of grama (Bouteloua spp. Lag.), common wolftail 
(Lycurus phleoides Kunth), and threeawns (Aristida spp. L), while forbs consist of both annuals and 
perennials. Shrubs are characteristically sparse to moderately distributed. 

Typical stressors and drivers (fire, insects, disease, etc.) are high severity and occur infrequently. These 
disturbance patterns create and maintain the even-aged nature of this vegetation type. According to Gori 
and Bate (2007), climate variation, insect outbreaks, fire and seed dispersal by birds and small mammals 
appear to be the most important drivers and stressors that determined the historical structure of piñon-
juniper woodlands and their distribution and abundance across the landscape. Woodland development 
occurs in distinctive phases; ranging from open grass-forbs, to mid-aged open canopy to mature closed 
canopy woodland. Woodland expansion began during the late 1800s (Cottam and Stewart 1940; Miller 
and Rose 1999). This expansion is frequently attributed to alteration of fire’s natural role, historic 
overgrazing by domestic livestock, climate change and increased atmospheric carbon dioxide (Miller and 
Rose 1999), singularly or in combination. However, fire suppression has not exhibited the far-reaching 
effects on this ERU, as compared to other woodland types, since the fire frequency in infrequent fire 
systems such as this may or may not have been altered during the period since Euro-American settlement.  

According to Miller and Tausch (2001) many woodlands, are currently continuing to experience increasing 
density and canopy cover of trees, declines in understory composition, cover, productivity and diversity 
(Pieper 1995), which has contributed to higher soil loss rates and changes in the quality of wildlife habitat 
provided by these ecosystems (Baker et al. 1995; Wilcox and Breshears 1995). 

Figure 35 and Figure 36 show that the majority of this ERU occurs in the northern and eastern portions of 
the context area and the northwestern and southeastern portions of the Forest 

 
Figure 34.  PJO ERU (photo by M.R. White 2002) 
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Figure 35. General location (in black) of the PJO ERU within the context area 

 

Figure 36. General location (in black) of the PJO ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the PJO ERU was comprised of medium to very large size trees 
with a closed canopy nature (Table 62). Historically, these woodlands were characterized by even-aged or 
multi-aged stand structure with a range of tree densities and canopy cover, depending on site conditions 
(USDI NPS 2016). 

Table 62. Seral state make-up of the PJO ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

10 5 14 5 10 

B, C, E 
MID SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open (≥ 10% & < 
30%) or closed woody canopy cover, and small size (≥ 5” & < 10” dbh/drc) 
trees with open woody canopy cover 

5 23 28 5 5 

D 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees with open woody 
canopy cover 

10 28 25 10 10 

F MID-SERAL: Small size trees with closed woody canopy cover 15 11 12 11 12 

G LATE-SERAL: Medium to very large size trees with closed woody canopy cover 60 33 22 33 22 

Total  100 100 100 64 59 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 64) = 36 or MODERATE; and Context Area = (100 – 
59) = 41 or MODERATE 

ǂ USDA FS 2010c; LANDFIRE 2005a 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
At both the plan and context scales, departure is moderate. Local unit departure within the Forest is mostly 
moderate, with the exceptions of Little Colorado-San Agustin Fringe and Lower Gila River which are in low 
departure. In general, there is a sizeable over representation seedling/sapling size trees with open or 
closed woody canopy cover, small size trees with open woody canopy cover (seral states B, C, E), and 
medium to very large size trees with open woody canopy cover (seral state D). There is a significant under 
representation of medium to very large size trees with closed woody canopy cover (seral state G). Similar 
to the forested ERUs on the Gila, there is almost no (<1%) representation of very large size trees (20 in. 
+). The discussion of what this may or may not imply for the status of old growth presented in the seral 
state proportion analysis of the previous forested ERUs, also applies here. Departure has resulted from 
the cumulative effects of past fire suppression, firewood harvesting, legacy issues related to past historic 
overgrazing and in some places, current herbivory by wildlife and livestock. Chapter 9: System Drivers and 
Stressors discusses these management factors in greater detail.  

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 37. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 37. Gila NF overstory vegetation successional structural states for PJO ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 36% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 36% or moderate departure from RC 
Y100 = State and transition modeling results at 100 years = 50% or moderate departure from RC 
2 See Table 62 for a description of the overstory vegetation successional structural states 

 
Under the continuation of current management, departure remains moderate. However, early seral state 
conditions increase over time, as do closed canopy late seral states. Management may be more effective 
in restoring and maintaining ecological integrity of this ERU by monitoring and evaluating the outcomes 
restoration activities, and selective treating appropriate seral states. Additionally, the reduction in closed 
canopy late seral states within this ERU signifies a need to further ground truth the ERU map and 
determine whether thinning activities are ERU appropriate, or if they have contributed to departure. It 
may be that chaining/cabling, pushing and other thinning activities more appropriate for restoring PJ Grass 
and Juniper Grass ecosystems have been applied before the ERU concepts and Gila NF map were available 
to support project development and implementation. Some management activities are limited within this 
ERU by the large percentage of its area occurring on steep slopes (≥40%). 

Patch Size  

Table 63. Gila NF current departure of patch size in PJ Woodland 

Reference Range: 50 to 400 ac. 

Current Mean: 20 ac. 

Departure: Moderate 
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As shown in Table 63, mean patch size is lower than under the reference time period, reflecting infill of 
woodland openings by smaller trees and shrubs. This is primarily due to drought and historic overgrazing 
which provided the competitive advantage to regenerating conifer seedlings and altered ecological 
processes by reducing the herbaceous component. Increasing tree densities within patches, or clumps is 
also occurring.  

Coarse Woody Debris and Snag Density  

Table 64. Gila NF current and projected departure of coarse woody debris in PJ Woodland 
 Coarse Woody Debris Departure/Trend 
Reference: 2.9 T/ac.  

Current: 15.4 T/ac. High 

100-years: 15.4 T/ac. High/Static 

As shown in Table 64, there is currently almost 5 times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). This is primarily due to mortality caused by interactions between increased 
competition, drought and insects and disease, as well as slow decomposition rates. 

Table 65. Gila NF current and projected departure of snags in PJ Woodland 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 2.0/ac.  1.0/ac.  

Current: 6.3/ac. Moderate 1.6/ac. Moderate 

100-years: 6.3/ac. Moderate/Static 1.6/ac. Moderate/Static 

As shown in Table 65, there is currently nearly 2 to 3 times the number of snags per acre than historically. 
This is likely due to the same factors influence coarse woody debris. Additionally, some mortality of 
junipers due to abrupt declines in winter temperatures has been observed within some areas of the Forest, 
however these observations have not been tied to a particular ERU as the Gila NF ERU framework was not 
in place at the time.  

Fire Regime  
Fire regimes for piñon-juniper woodlands are difficult to reconstruct owing to scant fire scar evidence 
(Baker and Shinneman 2004). However, the general consensus is that piñon-juniper woodland developed 
after infrequent stand-replacing fire and was most likely maintained by patchy mixed-severity fires that 
occurred with moderate to low frequency (Arnold et al. 1964; Tausch et al. 1981; Tress and Klopatek 1987; 
Despain and Mosley 1990; Miller 1999; Floyd et al. 2000 and 2004; Muldavin et al. 2003; Romme et al. 
2003; Huffman et al. 2006). 

Fire Frequency 

Table 66. Reference and current Gila NF fire frequency for PJ Woodland 
Reference: MFRI*= 35-200 yrs. 

(FFǂ = average rotation = 255 yrs., mixed severity rotation = 200 yrs., and stand replacement 
rotation = 350 yrs.) 

Current: FF = 144 yrs. 

Departure: Low 
ǂ Gottfried et al. 1995; Floyd et al. 2000; Muldavin et al. 2003; Floyd et al. 2004; Vander Lee et al. 2006; Brown et al. 2008; 
Floyd et al. 2008; Romme et al. 2009b; Barrett et al. 2010; Swetnam and Brown 2010; Wahlberg et al. 2014; Krausmann and 
Triepke 2014; Swetnam and Falk 2015 
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As shown in Table 66, in the last 19 years (1996-2015), fire frequency is roughly consistent with what is 
known about the reference fire regime. Departure is low at the plan scale and in the Apache (FF=129 yrs.), 
Little Colorado-San Agustin Fringe (FF= 99 yrs.) and Lower and Upper Gila River local units (FFs= 182 and 
39 yrs. respectively), although in Upper Gila River, fire frequency approaches the lower limit of the 
reference MFRI. Departure is moderate in the Mogollon Front (FF=326 yrs.) and high in the Black Range 
local unit (FF=625 yrs.). Infrequent fire systems such as the PJO ERU have been less disrupted by past fire 
suppression than frequent fire systems. Where departure exists, a reduction in fine fuels is likely a limiting 
factor, as discussed for other ERUs. Fire suppression may also be a factor where Wildland Urban Interface, 
or other highly valued resources are at risk, when fire weather and fuel conditions do not support the 
achievement of the management objectives, or when resources needed to manage a particular fire are 
unavailable. Resources to manage fires may be unavailable when they are committed to managing or 
suppressing fires elsewhere.  

Fire Severity 
The 19-year (1996-2015) average annual acres burned by wildfire within the PJO ERU on Forest is 5,894 
acres; roughly 86% at low severity, 11% at moderate severity and 2% at high severity.  Current average fire 
severity is approximately 19%, much lower than reference condition’s 64% (Krausmann and Triepke 2014), 
giving it a high departure rating. Departure is also high at the local unit scale except in Mogollon Front, 
where it is moderate. However, average severity in the Mogollon Front local unit is right on the threshold 
between moderate and high departure (~66%). Generally, fire has burned at low severity levels within the 
PJO ERU, which is inconsistent with what is known about the natural fire regime. Lower severity is primarily 
the result of fine fuel reductions that limit fire spread and flame lengths. Lower flame lengths may not 
result in conifer mortality, thus lowering severity.  

Fire Regime Condition Class (FRCC)  

Table 67. Gila NF Reference FRCC and Departure for PJ Woodland 

Reference:  FRCC I 

Current: FRCC I = 0.0% FRCC II = 95.0% FRCC III = 0.0% No data = 5.0% 

Departure:  Moderate, trend is expected to continue away from reference conditions 
ǂ Krausmann and Triepke 2014 

 

As shown in Table 67, all of this ERU for which there is data falls within FRCC II which is indicative of 
moderate departure from the natural fire regime. Departure is moderate at all scales. While fire frequency 
is within the natural range of variation, there has not been enough moderate and/or high severity to 
maintain ecological integrity of this system. This is likely due to reduction in fine fuels that limits fire spread 
and flame lengths as discussed above under the fire severity subheading. This reduction in fine fuels is the 
result of both drought and herbivory by domestic livestock. For more information on the effects and status 
of drought, herbivory and fire on the Forest, see Chapter 9: System Drivers and Stressors.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 4,700 acres. 
The highest level occurred in 2003 at 60,449 acres. Overall, just 10% of this ERU has been affected by 
insect and disease activities since 1997. 

As mentioned above, the PJO ERU has recently undergone dramatic drought-induced mortality, producing 
some structural changes in this extensive vegetation type. Given that climate projections for the region 
suggest widespread conifer mortality is likely to continue into the next century (Krofcheck et al. 2014). 
Insect and disease activity and mortality within this ecosystem is greatly enhanced by drought.  A long-
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term perspective on the extent of past insect and disease activity in the piñon-juniper woodlands is often 
lacking because it has not often been recorded in historical reports. The PJO woodland is susceptible to 
attacks by several species of bark beetles. Localized mortality of piñon trees caused by the native piñon 
ips bark beetle (Ips confusus) is not uncommon throughout New Mexico and on the Gila NF. During periods 
when piñon ips populations are at endemic levels, individual or small groups of stressed, damaged, or 
diseased trees are attacked. Defoliating agents are present in the PJO, however, they typically do not cause 
substantial or long-term damage (Ryerson 2015). There are also several species of mistletoes present in 
the woodland which add to mortality as drought stress increases in the future as a result of climate change. 

Spatial Niche 
The PJO is widespread and at 2,585,904 acres (5.5%) within the context area and 848,440 acres (25.9%) of 
the Gila NF, represents the 5th largest ERU within the context area and the largest ERU on the Forest. 
However, it has a greater proportional representation on the Forest (0.65) than in the context area (Table 
68). This ERU has a moderate seral state proportion departure rating within the context area and at the 
plan scale, however departure is low in the Little Colorado-San Agustin Fringe and Lower Gila River local 
units on the Forest (Table 69). In general, this ERU has gone from a normally medium to large (20 in +) size 
tree-closed canopy nature to a smaller tree size with open or closed canopy and medium to large (<20 in.) 
size trees with open canopy characteristics throughout its range within the context area. 

Table 68. PJO ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

PJO 848,440 25.9 2,585,904 5.5 32.8 0.65 

 

Table 69. PJO ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

97,007 11.4 260,351 30.7 111,055 13.1 191,213 22.5 146,107 17.2 42,707 5.0 848,440 26.4 2,585,904 5.5 

39 Moderate 39 Moderate 30 Low 32 Low 45 Moderate 36 Moderate 36 Moderate 41 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with its greater proportional 
representation on the Forest; the Gila NF has a greater influence on ecological integrity and sustainability 
of this system.  
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PIÑON-JUNIPER GRASS WOODLAND (PJG) ERU 
 

General Description 
The PJG ERU (Figure 38) occurs across 
the states of Arizona and New Mexico, 
in what were historically more open 
woodlands with grassy understories. It 
is mostly found on lower slopes of 
mountains and in upland rolling hills at 
approximately 4,500 to 7,500 feet in 
elevation. Tree species include one seed 
juniper, Utah juniper, Rocky Mountain 
juniper (Juniperus scopulorum Sarg.), 
and alligator juniper. Piñon trees include 
twoneedle piñon. Native understories 
were made up of perennial grasses, with 
both annual and perennial forbs, and 
shrubs that were absent or scattered. 
Contemporary understories often include invasive grasses and uncharacteristically high shrub cover. The 
PJG ERU including its various vegetation states, occurs on deep, fine-textured soils in valley bottoms and 
on gentle plains with few barriers to fire spread; within areas of warm summer seasons and a bi-modal 
precipitation regime. Generally, annual precipitation ranges from 11 to 22 inches, with 40-45% coming 
between October 1st and March 31st. According to Wahlberg et al. (2014), empirical information on the 
historic condition of this type is lacking; however, site productivity provides inference for the development 
of a grass/fine fuels layer, in turn, providing inference of frequent fire and open, uneven-aged forest 
dynamics. At least one study, substantiating multiple tree cohorts in similar plant communities, 
corroborates these assumptions (Gottfried 2003). As such, trees would have occurred as individuals or in 
smaller clumps and range from young to old. Scattered shrubs and a dense herbaceous understory of 
native grasses and forbs characterize this type. Typical drivers and stressors (fire, insects, disease, etc.) are 
low severity and high frequency. These disturbance patterns would have created and maintained uneven-
aged and open-canopied conditions. The tree and grass species composition varies throughout the Region, 
consisting a mix of one species of piñon (ranges are typically distinct) and one or more juniper species. 
Typically, native understory grasses are perennial species, while forbs consist of both annuals and 
perennials. Shrubs are characteristically absent or scattered. Due to the effects of long-term fire 
suppression and grazing in this type, in many locations the current condition is severely departed from 
historic conditions. Typically these changes include in-filling of the canopy gaps, increased density of tree 
groups; and reduced composition, density and vigor of the herbaceous understory plants. Many of these 
sites currently are closed-canopy woodlands, with insufficient understory vegetation to support surface 
fires.  

Figure 39 and Figure 40 show that the majority of this ERU occurs in the northern and eastern portions of 
the context area and the northwestern and central portions of the Forest. 

 
Figure 38.  PJG ERU (photo by T. Palmer 2006) 
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Figure 39. General location (in black) of the PJG ERU within the context area 

 

Figure 40. General location (in black) of the PJG ERU within the Gila NF and the six local units 
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Seral State Proportion  
In general this ERU has gone from a normally seedling/sapling size trees with open or closed woody 
canopy cover, and small to very large size trees with open woody canopy cover to a medium to very 
large size trees with closed woody canopy cover nature (Table 70). Historically, this ecotype supported 
stands of uneven-aged trees and open-canopied conditions. 

Table 70. Seral state make-up of the PJG ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY-SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

5 5 22 5 5 

B, C, E 
MID-SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open or closed 
woody canopy cover, and small size (≥ 5” & < 10” dbh/drc) trees with open 
woody canopy cover 

25 11 20 11 20 

D 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees with open woody 
canopy cover 

50 25 18 25 18 

F MID-SERAL: Small size trees with closed woody canopy cover 10 12 16 10 10 

G LATE-SERAL: Medium to very large size trees with closed woody canopy cover 10 47 24 10 10 

Total  100 100 100 61 63 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 61) = 39 or MODERATE; and Context Area = (100 – 63) = 37 
or MODERATE 

ǂ USDA FS 2010d; LANDFIRE 2005b 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
At all scales, departure in seral state proportion is moderate. Currently there is a sizeable over 
representation medium to very large size trees with closed woody canopy cover (seral state G). This 
condition is very uncharacteristic for this ERU (LANDFIRE 2008b).  This uncharacteristic closed canopy 
condition is also accompanied by a significant under representation of seedling/sapling size trees with 
open or closed woody canopy cover, and small to very large size trees with open woody canopy cover. 
Similar to the forested ERUs on the Gila, there is almost no (<1%) representation of very large size trees 
(20 in. +). The discussion of what this may or may not imply for the status of old growth presented in the 
seral state proportion analysis of the previous forested ERUs, also applies here. Departure has resulted 
from the cumulative effects of past fire suppression, firewood harvesting, legacy issues related to past 
historic overgrazing and in some places, current herbivory by wildlife and livestock. Chapter 9: System 
Drivers and Stressors discusses these management factors in greater detail.  

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 41. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 41. Gila NF overstory vegetation successional structural states for PJG ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 39% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 41% or moderate departure from RC 
Y100 = State and transition modeling results at 100 years = 35% or moderate departure from RC 
2 See Table 70 for a description of the overstory vegetation successional structural states 

 

Under the continuation of current management, departure remains moderate with a static trend (± 5%). 
Management may be more effective in restoring and maintaining ecological integrity of this ERU by 
monitoring and evaluating the outcomes restoration activities, and selectively treating appropriate seral 
states.  

Patch Size  

Table 71. Gila NF current departure of patch size in PJ Grass 
Reference Range: 0.07 to 1 ac. 

Current Mean: 28 ac. 

Departure: High 

 

As shown in Table 71, the increase in mean patch size reflects infill and encroachment of trees into the 
historically large grassy openings in this ecosystem. This is primarily due to drought and historic 
overgrazing which provided the competitive advantage to regenerating conifer seedlings and altered 
ecological processes by reducing the herbaceous component. Increasing tree densities within patches, or 
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clumps is also occurring. For more information about fire and herbivory, see Chapter 9: System Drivers and 
Stressors.  

Coarse Woody Debris and Snag Density  

Table 72. Gila NF current and projected departure of coarse woody debris in PJ Grass 
 Coarse Woody Debris Departure/Trend 
Reference: 2.4 T/ac.  

Current: 13.4 T/ac. High 

100-years: 13.4 T/ac. High/Static 

As shown in Table 72, there is currently nearly 5-½ times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). This is primarily due to high departure in fire frequency (see below), higher 
tree densities and slow decomposition rates. Tree mortality is probably not a significant contributing factor 
as snag density (see below) is within the natural range of variability.  

Table 73. Gila NF current and projected departure of snags in PJ Grass 

 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 5.0/ac.  1.0/ac.  

Current: 4.4/ac. Low 0.7/ac. Low 

100-years: 4.4/ac. Low/Static 0.7/ac. Low/Static 

As shown in Table 73, there are currently less snags per acre than historically, reflected by a moderate 
departure rating. Given a higher proportion of open canopy conditions in this system as compared to PJO 
and PJC, increased competition due to increased tree densities and drought may not create the same 
degree of water stress and mortality in this ERU as compared to others.   

Fire Regime 
The natural fire regime of the PJG ERU was characterized by freqent, low severity fire which maintained 
the mulit-aged and open canopy conditions.  

Fire Frequency  

Table 74. Reference and current Gila NF fire frequency for PJ Grass 
Reference: MFRI*= 0-35 yrs. 

(FFǂ = average fire rotation = 20 yrs. and non-lethal fire rotation = 20 yrs.) 

Current: FF = 154 yrs. 

Departure: High 
ǂ Allen 1989; Despain and Mosley 1990; Baisan and Swetnam 1995; Grissino-Mayer et al. 1995; Gottfried et al. 1995; Romme et 
al. 2003; Baker and Shinneman 2004; Vander Lee et al. 2006; LANDFIRE 2008b; Poulos et al. 2009; Barrett et al. 2010; Margolis 
2014; Wahlberg et al. 2014; Krausmann and Triepke 2014; Swetnam and Falk 2015 

 
As shown in Table 74, in the last 19 years (1996-2015), fire has occurred less often than characteristic of 
the reference time period due to reductions the fine fuels necessary to support fire. Departure is high at 
the context, plan and local unit scales except in the Upper Gila River local unit where departure is low (FF= 
30 yrs.). The causes of fine fuels reductions have been identified previously are discussed in detail in the 
fire and herbivory subsections of Chapter 9: System Drivers and Stressors.  

Where departure exists, a reduction in fine fuels is likely a limiting factor, as discussed for other ERUs. Fire 
suppression may also be a factor where Wildland Urban Interface, or other highly valued resources are at 
risk, when fire weather and fuel conditions do not support the achievement of the management 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  98 

objectives, or when resources needed to manage a particular fire are unavailable. Resources to manage 
fires may be unavailable when they are committed to managing or suppressing fires elsewhere. 

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire within the PJG ERU on the Forest is 1,894 
acres; roughly 89% low severity, 10% moderate severity and 1% at high severity.  Current average fire 
severity at the plan scale is approximately 17%, slightly higher than the reference condition’s 13% 
(Krausmann and Triepke 2014), giving it a low departure rating. Average fire severity is also roughly 
consistent with reference severity in the Apache, Little Colorado-San Agustin Fringe and Lower Gila River 
local units. Departure is moderate in the Black Range (~21%), Mogollon Front and Upper Gila River local 
units (~18% in both cases). Generally, fire has burned at low severity within the PJG ERU. Where average 
severity is higher than the reference, it is likely attributable to increases in tree densities and coarse woody 
debris.  

Fire Regime Condition Class (FRCC)  

Table 75. Gila NF Reference FRCC and Departure for PJ Grass 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 95.5% FRCC III = 0.0% No data = 4.5% 

Departure:  Moderate, Static Trend 
ǂ Krausmann and Triepke 2014 

 
As shown in Table 75, all of this ERU for which there is data falls within the FRCC II category, indicating a 
moderate departure from the natural fire regime. This departure is primarily a reflection of departure in 
fire frequency and seral state proportion. 

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 850 acres. The 
highest level occurred in 2003 at 7,034 acres. Overall, just 5% of this ERU has been affected by insect and 
disease activities since 1997. 

As mentioned in the PJO ERU write-up, a long-term perspective on the extent of past insect and disease 
activity in the piñon-juniper woodlands is often lacking because it has not often been recorded in historical 
reports. The PJG woodland is susceptible to attacks by several species of bark beetles. Localized mortality 
of piñon trees caused by the native piñon ips bark beetle (Ips confusus) is not uncommon throughout New 
Mexico and on the Gila NF. During periods when piñon ips populations are at endemic levels, individual or 
small groups of stressed, damaged, or diseased trees are attacked. Defoliating agents are present in the 
PJG, however, they typically do not cause substantial or long-term damage (Ryerson 2015). There are also 
several species of mistletoes present in the woodland. 

Spatial Niche 
The PJG is widespread and at 1,411,018 acres (3.0%) within the context area and 291,649 acres (8.9%) of 
the Gila NF, represents the 6th largest ERU within the context area and the 5th largest ERU on the Forest 
(Table 5). However, it has a greater proportional representation on the Forest (0.50) than in the context 
area (Table 76). This ERU has a moderate seral state proportion departure rating at all scales (Table 77). In 
general, this ERU has gone from a normally seedling/sapling size trees with open or closed woody canopy 
cover, and small to very large (20 in. +) size trees with open woody canopy cover to a medium to very large 
(< 20 in.) size trees with closed woody canopy cover nature. 
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Table 76. PJG ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

PJG 291,649 8.9 1,411,018 3.0 20.7 0.50 

 

Table 77. PJG ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

65,676 22.5 13,225 4.5 93,597 32.1 33,158 11.4 54,838 18.8 31,155 10.7 291,649 9.1 1,411,018 3.0 

42 Moderate 37 Moderate 43 Moderate 47 Moderate 37 Moderate 49 Moderate 39 Moderate 37 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with its greater proportional 
representation on the Forest. The Gila NF has a greater influence on ecological integrity and sustainability 
of this system. The Forest’s responsibility is heightened by the departure in seral state proportion.  
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JUNIPER-GRASS WOODLAND (JUG) ERU 
 

General Description 
The JUG ERU (Figure 42) is typically 
found on warmer and drier settings 
beyond the environmental limits of 
piñon, and just below and often 
intergrading with the piñon-juniper 
zone. The juniper-grass ecosystem is 
generally uneven-aged and very open in 
appearance (savanna-like). Trees occur 
as individuals or in smaller groups and 
range from young to old. A dense 
herbaceous matrix of native grasses and 
forbs characterize this type. Typical 
drivers and stressors (i.e., fire, insects, 
and disease) are low severity and high 
frequency. These disturbance patterns 
create and maintain the uneven-aged, open-canopy nature of this type. The tree and grass species 
composition varies throughout the Region, consisting of a mix of one or more juniper species. Typically, 
native understory grasses are perennial species, while forbs consist of both annuals and perennials. Shrubs 
are characteristically absent or scattered. This type is typically found on sites with well-developed, loamy 
soil characteristics, generally at the drier edge of the woodland climatic zone. Generally these types are 
most extensive in geographic areas dominated by warm (summer) season or bi-modal precipitation 
regimes. Generally, annual precipitation ranges from 11 to 22 inches, with 55-60% coming between April 
1st and September 31st. It is mostly found on lower slopes of mountains and in upland rolling hills at 
approximately 4,500 to 7,500 feet in elevation. Common grass species found in JUG include blue grama 
and other species of grama grass (sideoats, hairy, black (Bouteloua eriopoda (Torr.) Torr.), New Mexico 
muhly (Muhlenbergia pauciflora Buckley), curlyleaf muhly (Muhlenbergia setifolia Vasey), western 
wheatgrass (Pascopyrum smithii (Rydb.) Á. Löve), and needle and thread grasses (Hesperostipa spp. (Elias) 
Barkworth). It is hypothesized that a regime of frequent, low-intensity surface fires is responsible for 
maintaining the open stand structure and dense herbaceous growth of piñon-juniper savanna (USDI NPS 
2016). Overall these sites are less productive for tree growth than the piñon-juniper woodland type.  

Due to the effects of long-term fire suppression and grazing in this type, in many locations the current 
condition is severely departed from historic conditions. Typically these changes include in-filling of the 
canopy gaps, increased density of tree groups, and reduced composition, density and vigor of the 
herbaceous understory plants. Many of these sites currently are closed-canopy woodlands, with 
insufficient understory vegetation to support surface fires.  

Figure 43 and Figure 44 show that the majority of this ERU occurs in the southwestern and northeastern 
portions of the context area and the southwestern portion of the Forest and in the Burro Mountains. 

 
Figure 42.  JUG ERU (photo by M.R. White 2007) 
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Figure 43. General location (in black) of the JUG ERU within the context area 

 

Figure 44. General location (in black) of the JUG ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the JUG ERU was comprised of small and medium to very large 
size trees with open woody canopy cover, and seedling/sapling size trees with open or closed woody 
canopy cover (Table 78). Currently it is a mix of grass, forb, sparsely vegetated or recently burned with very 
open woody canopy cover, and shrubs with open or closed woody canopy cover, small and medium to very 
large size trees with open woody canopy cover, and seedling/sapling size trees with open or closed woody 
canopy cover. Historically, this ecotype supported an open savanna-like stand structure, low densities of 
trees and shrubs, and dense herbaceous growth: grasses, forbs, and annuals (UDSI NPS 2016). 

Table 78. Seral state make-up of the JUG ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

NF CA GNF CA 

A 
EARLY SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover, and shrubs with open (≥ 10% & < 30%) or closed 
(≥ 30%) woody canopy cover 

5 28 35 5 5 

B, C, E 
MID-SERAL: Seedling/sapling size (< 5” dbh/drc) trees with open or closed 
woody canopy cover, and small size (≥ 5” & < 10” dbh/drc) trees with open 
woody canopy cover 

25 31 13 25 13 

D 
LATE-SERAL: Medium to very large size (≥ 10” dbh/drc) trees with open woody 
canopy cover 

50 30 27 30 27 

F MID-SERAL: Small size trees with closed woody canopy cover 10 3 7 3 7 

G LATE-SERAL: Medium to very large size trees with closed woody canopy cover 10 8 18 8 10 

Total  100 100 100 71 62 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 71) = 29 or LOW; and Context Area = (100 – 62) = 38 or 
MODERATE 

ǂ USDA FS 2010e; LANDFIRE 2005b 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 
 

Departure is low at the plan scale, but varies within the Forest’s local units. Departure is moderate in the 
Upper Gila River and Lower Gila River local units, low in the Apache and Mogollon Front local units, and is 
not mapped in the Black Range or Little Colorado-San Agustin Fringe local units. Context area departure is 
moderate. Where departure occurs, there is an over representation of grass, forb, sparsely vegetated or 
recently burned with very open woody canopy cover, and shrubs with open or closed woody canopy cover 
(seral state A), with a concurrent under representation of medium to very large size trees with open woody 
canopy cover (seral state D). Similar to the forested ERUs on the Gila, there is almost no (<1%) 
representation of very large size trees (20 in. +). The discussion of what this may or may not imply for the 
status of old growth presented in the seral state proportion analysis of the previous forested ERUs, also 
applies here. Departure has resulted from the cumulative effects of past fire suppression, firewood 
harvesting, legacy issues related to past historic overgrazing and in some places, current herbivory by 
wildlife and livestock. Chapter 9: System Drivers and Stressors discusses these management factors in 
greater detail.   

Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 45. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 45. Gila NF overstory vegetation successional structural states for JUG ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities. 
1 RC = Reference conditions 
CC = Current conditions = 29% or low departure from RC 
Y10 = State and transition modeling results at 10 years = 36% or low departure from RC 
Y100 = State and transition modeling results at 100 years = 59% or moderate departure from RC 

             2 See Table 78 for a description of the overstory vegetation successional structural states 

 

The increase in early seral state conditions into the future under continuation of current management 
produces a trend in departure away from reference conditions by approximately 30 percentage points. 
This may reflect restoration activities under current management are better designed for grassland 
systems, rather than this woodland system, which signifies a need to incorporate the ERU map and 
concepts into the development and implementation of projects. As with other woodland systems, further 
field validation of the ERU map which have not been available previously, will be beneficial in guiding 
restoration efforts.  

 

Patch Size  

Table 79. Gila NF current departure of patch size in Juniper Grass 

Reference: 0.07 to 1 ac. 

Current: 5 ac. 

Departure: High 
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As shown in Table 79, mean patch size is larger than under reference condition, reflecting encroachment 
of juniper into the large grassy openings in this woodland which reflects the dynamics between past fire 
suppression and historic overgrazing, described repeatedly in other ERU analyses. 

Coarse Woody Debris and Snag Density 

Table 80. Gila NF current and projected departure of coarse woody debris in Juniper Grass 
 Coarse Woody Debris Departure/Trend 
Reference: 3.0 T/ac.  

Current: 13.8 T/ac. High 

100-years: 13.8 T/ac. High/Static 

As shown in Table 80, there is currently nearly 4-½ times the amount of coarse woody debris per acre than 
historically (Weisz et al. 2011). Given the low departure in snag density, increases in coarse woody debris 
likely reflect a combination of the extent of attempts at juniper removal and/or control in this ERU in the 
past, mortality that occurred long enough ago that trees are no longer standing, and slow decomposition 
rates.  

Table 81. Gila NF current and projected departure of snags in Juniper Grass 
 Snag Density (8” dbh) Departure/Trend Snag Density (18” dbh) Departure/Trend 
Reference: 3.0/ac.  1.0/ac.  

Current: 3.4/ac. Low 0.6/ac. Low 

100-years: 3.4/ac. Low/Static 0.6/ac. Low/Static 

As shown in Table 81, there are currently nearly as many snags per acre as historically. Juniper snags are 
one of the most favored firewood species found on the Gila NF; given the same probable causes of 
increases in coarse woody debris also influence snag density, it is likely that the removal of standing dead 
juniper is the most likely explanation for low departure. 

Fire Regime  
The natural fire regime of the JUG ERU is characterized by frequent, low severity fire.  

Fire Frequency 

Table 82. Reference and current Gila NF fire frequency for Juniper Grass 
Reference: MFRI*= 0-35 yrs.  

(FFǂ = average fire rotation = 13 yrs. and non-lethal fire rotation = 13 yrs.) 

Current: FF = 1,308 yrs. 

Departure: High 
ǂ Johnsen 1962; Wright and Bailey 1982; Gottfried et al. 1995; Paysen et al. 2000; Baker and Shinneman 2004; Schussman et al. 
2006; Hauser 2007; Margolis 2014; Krausmann and Triepke 2014 

 

As shown in Table 82, in the last 19 years (1996-2015), fire has occurred less often than characteristic of 
the reference time period due to past fire suppression and reductions the fine fuels necessary to carry 
fire. Departure is high at the context, plan and local scales, with the exception of the Black Range and Little 
Colorado-San Agustin Fringe local units where there are no acres of JUG mapped. The Apache and Upper 
Gila River local units do not have data to assess fire frequency. The causes of fine fuels reductions have 
been identified previously are discussed in detail in the fire and herbivory subsections of Chapter 9: System 
Drivers and Stressors.  
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Where departure exists, a reduction in fine fuels is likely a limiting factor, as discussed for other ERUs. Fire 
suppression may also be a factor where Wildland Urban Interface, or other highly valued resources are at 
risk, when fire weather and fuel conditions do not support the achievement of the management 
objectives, or when resources needed to manage a particular fire are unavailable. Resources to manage 
fires may be unavailable when they are committed to managing or suppressing fires elsewhere. 

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire within the JUG is 88 acres; roughly 97% 
at low severity, 3% at moderate severity and 0% at high severity.  Current average fire severity at the plan 
scale is 14%, which is quite similar to the reference condition’s 13% (Krausmann and Triepke 2014), giving 
it a low departure rating. Average severity in the two local units containing both JUG and severity data 
(Mogollon Front and Lower Gila River) are within one percentage point of the reference average severity. 
Generally, fire has burned mostly at low severity levels within the JUG ERU, consistent with severity in the 
reference time period. Low departure in severity may be related to high departure in fire frequency; with 
more frequent and larger extents of fire, severity might be expressed differently.  

Fire Regime Condition Class (FRCC)  

Table 83.  Gila NF Reference FRCC and Departure for Juniper Grass 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 92.4% FRCC III = 0.0% No data = 7.6% 

Departure:  High, Trend Away from Reference 
ǂ Krausmann and Triepke 2014 

As shown in Table 83, all of this ERU on Forest with data available is categorized as FRCC II, indicating a 
moderate departure from the natural fire regime. Departure is also moderate at the context scale. This is 
attributable to departure in seral state proportion and fire frequency.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 205 acres. The 
highest level occurred in 2003 at 1,991 acres. Overall, nearly 3% of this ERU has been affected by insect 
and disease activities since 1997. 

As mentioned in the PJO ERU write-up, a long-term perspective on the extent of past insect and disease 
activity in the piñon-juniper woodlands is often lacking because it has not often been recorded in historical 
reports. The JUG woodland is susceptible to attacks by several species of bark beetles. Localized mortality 
of piñon trees caused by the native piñon ips bark beetle (Ips confusus) is not uncommon throughout New 
Mexico and on the Gila NF. During periods when piñon ips populations are at endemic levels, individual or 
small groups of stressed, damaged, or diseased trees are attacked. Defoliating agents are present in the 
JUG, however, they typically do not cause substantial or long-term damage (Ryerson 2015). There are also 
several species of mistletoes present in the woodland. 

 

Spatial Niche 
The JUG is widespread and at 3,703,181 acres (7.9%) within the context area and 114,396 acres (3.6%) of 
the Gila NF, represents the 3rd largest ERU within the context area and the 7th largest ERU on the Forest. In 
addition, it has a lower proportional representation on the Forest (-0.39) than in the context area (Table 
84). This ERU has a moderate seral state proportion departure rating at the context scale, and a low 
departure rating at the plan scale although two local units within the Forest are in moderate departure 
(Table 85).  
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Table 84. JUG ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

JUG 114,396 3.5 3,703,181 7.9 3.1 -0.39 

 

Table 85. JUG ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

442 0.4 0 0.0 0 0.0 39,759 34.8 65,898 57.6 8,317 7.3 114,396 3.6 3,703,181 7.9 

29 Low   34 Moderate 24 Low 41 Moderate 29 Low 38 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The Gila NF’s spatial niche, or influence on this particular ERU has to do with its lower proportional 
representation on the Forest and low departure in seral state proportion as opposed to the context area. 
The Gila NF has a smaller influence on ecological integrity and sustainability of this system. Given the same 
degree of departure on the Forest and across the context area, the Forest is not currently well positioned 
to act as a refugia for JUG. 
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Shrubland ERU 
 

MOUNTAIN MAHOGANY MIXED SHRUBLAND (MMS) ERU 
 

General Description 
The mountain mahogany mixed 
shrubland ERU (Figure 46) occurs in the 
foothills, canyon slopes, and lower 
slopes of the Rocky Mountains and on 
outcrops and canyon slopes in the 
western Great Plains. It ranges from 
southern New Mexico extending north 
into Colorado. These shrublands are 
often associated with exposed sites, 
rocky substrates, and dry conditions. 
Scattered trees or inclusions of 
grassland patches or steppe may be 
present, but the vegetation is typically 
dominated by a variety of shrubs 
including mountain mahogany and 
skunkbush sumac. Historically this ERU had less than 30% tree canopy cover. The mountain mahogany 
mixed shrubland ERU is characterized by infrequent, stand replacement fire, with an average fire return 
interval of 35-200 years. 

Figure 47 and Figure 48 show that the show the distribution of this ERU within the context area and Forest. 

 

Figure 47. General location (in black) of the MMS ERU within the context area 

 
Figure 46. MMS ERU (Wahlberg et al. 2014) 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  108 

 

Figure 48. General location (in black) of the MMS ERU within the Gila NF and the six local units 

Seral State Proportion  
Under reference conditions the majority of the MMS ERU was dominated by all size shrubs with open or 
closed canopy cover (Table 86). Currently, this ERU is dominated by all size trees with open or closed 
canopy cover. 

Table 86. Seral state make-up of the MMS ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† RC current 

 GNF CA GNF CA 

A 
EARLY SERAL: Grass, forb, sparsely vegetated or recently burned with very open 
(< 10%) woody canopy cover 

5 2 9 2 5 

B MID-SERAL: All size shrubs with open (≥ 10% & < 30%) canopy cover 50 3 17 3 17 

C LATE-SERAL: All size shrubs with closed (≥30%) canopy cover 15 1 6 1 6 

D LATE-SERAL: All size trees with open or closed canopy cover 30 94 68 30 30 

Total  100 100 100 36 58 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 36) = 64 or MODERATE; and Context Area = (100 – 58) = 42 
or MODERATE 

ǂ USDA FS 2015e; LANDFIRE 2007e 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker, 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High) 

 
At the context and plan scale, departure in seral state proportion is moderate. Departure is also moderate 
for all local units within the Forest, with the exception of Little Colorado-San Agustin Fringe which is in 
high departure.  Also of note, the Black Range local unit is at the threshold between moderate and high 
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departure (66%). Currently there is an over representation of all size trees with open or closed canopy 
cover (seral state D) and concurrent under representation of all size shrubs with open or closed canopy 
cover (seral states B and C). Projected trends in seral state proportion under current management as 
described by the results of the VDDT modeling are displayed in Figure 49. Recall that the trend analysis is 
conducted at the plan scale only. 

 

Figure 49. Gila NF overstory vegetation successional structural states for MMS ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities. 
1 RC = Reference conditions 
CC = Current conditions = 64% or low departure from RC 
Y10 = State and transition modeling results at 10 years = 62% or moderate departure from RC 
Y100 = State and transition modeling results at 100 years = 61% or moderate departure from RC 
2 See Table 86 for a description of the overstory vegetation successional structural states 

 
Under continuation of current management (and under the current climate regime), seral state proportion 
conditions in the MMS ERU remain relatively unchanged (static trend).  

Patch Size  
There is inadequate information on which to base a reference condition for analysis of patch size in this 
ERU (Wahlberg et al. 2014).   

Coarse Woody Debris and Snag Density  
There is no coarse woody debris and snag density assessment data for this ERU. 
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Fire Regime  
The natural fire regime associate with the MMS ERU is characterized by infrequent, stand-replacment type 
fires.  

Fire Frequency 

Table 87. Reference and current Gila NF fire frequency for Mountain Mahogany Mixed Shrubland  
Reference: MFRI* 35-200 yrs. 

Current: FF = 32 yrs. 

Departure: Low 
* Wahlberg et al. 2014; Krausmann and Triepke 2014 

 
As shown in Table 87, over the last 19 years (1996-2015), fire frequency has been within what is known 
about the natural range of variability at the plan scale, and in the Black Range (FF= 29 yrs.), Little Colorado-
San Agustin Fringe (FF= 99 years) and Mogollon Front (FF= 40 yrs.) local units on the Forest. However, 
there is moderate departure in the Upper Gila River local unit, where fire frequency is approximately 18 
years, and high departure in the Lower Gila River and Apache local units with fire frequencies at 
approximately 1,262 and 606 years respectively. More frequent fire within the Upper Gila River local unit 
is driven by steep topography and patterns of natural ignitions. Lower fire frequencies in the Apache local 
unit is partly due to its proximity to the Wildland Urban Interface and private land near the communities 
of Luna and Reserve, NM and as well as patterns of natural ignitions, and relatively few ERU acres. Wildland 
Urban Interface (and private land) near the communities of Pinos Altos and Silver City, as well as smaller 
communities in the Burro Mountains also influence management of the MMS in the Lower Gila River local 
unit, as does patterns of natural ignitions.  

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire within the MMS ERU on the Forest is 
5,166 acres; roughly 74% low severity, 21% moderate severity and 5% at high severity. Current average 
severity is approximately 24% much lower than reference condition’s 73% (Fryer and Luensmann 2012), 
giving it a high departure rating. Generally, fire has burned at low severity levels within the MMS ERU 
which is uncharacteristic of this infrequent, stand replacement type ecosystem which is the primary 
explanation for seral state departure at the Forest scale. Departure is also high in the Apache, and Lower 
and Upper Gila River local units ranging from 13 to 24 percent average severity. It is moderate in the 
remaining local units with average severities ranging from 25 to 40 percent. Lower severities in Upper Gila 
River are likely a reflection of fires that occurred prior to 1996. In the other local units, this is most likely 
driven by herbaceous productivity that is relatively low due to inherent soil characteristics or drought. Soil 
characteristics undoubtly play a role in Upper Gila River as well, but given all the TEUI data describing MMS 
is from locations in the Burro Mountains with local physical characteristics (e.g. soils and steepness of 
slope) very different from the majority of the ERU, it is impossible to know with any certainty without field 
verification.  

Fire Regime Condition Class (FRCC)  

Table 88. Gila NF Reference FRCC and Departure for Mountain Mahogany Mixed Shrubland 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 31.7% FRCC III = 67.0% No data = 1.3% 

Departure:  High, Static Trend 
ǂ Krausmann and Triepke 2014 
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As shown in Table 88, while a significant portion of this ERU on the Forest is in the FRCC II category, the 
majority is in the FRCC III category, indicating a high departure from the natural fire regime. This is primarily 
a reflection of departure in seral state proportion and fire severity. Within the Forest’s local units, Lower 
Gila River is also in high departure due to seral state proportion, longer fire free periods and lower fire 
severity. The remaining units. The remaining units with all necessary data elements are within the FRCC II 
and moderate departure categories, likewise reflecting their departures seral state proportion, fire 
frequency and average severity.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 94 acres. The 
highest level occurred in 2013 at 633 acres. Overall, nearly 1% of this ERU has been affected by insect and 
disease activities since 1997, indicating a low departure. There is no information regarding specific insects 
or diseases active in the MMS ERU, but it is likely that the same drivers and stressors as in the woodlands 
are active within this ERU. 
Spatial Niche 
The MMS ERU is generally located within the New Mexico portion of the context area; at 356,451 acres 
(or 0.8% of the context area) it is tied with MSG as the 11th largest ERU (Table 5). On the Gila NF its 166,488 
acres (or 5.1% of the Forest) (Table 90) is scattered about the Forest, found primarily within the southern 
portion of the Forest. The MMS represents the 6th largest upland ERU on the Forest. In addition it has a 
greater proportional representation on the Forest (0.74) than in the context area (Table 89). In fact, it has 
the 2nd highest proportional representation of any ERU on the Forest. This ERU has a moderate seral state 
proportion departure rating, however departure varies within the Forest local units from moderate to high 
(Table 90).  

Table 89. MMS ERU acreage, percent, and relative proportion on Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

MMS 166,488 5.1 356,451 0.8 46.7 0.74 

 

Table 90. MMS ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

1,946 1.2 20,577 12.4 151 0.1 45,624 27.4 32,225 19.4 65,965 39.6 166,488 5.2 356,451 0.8 

65 Moderate 66 Moderate 68 High 59 Moderate 65 Moderate 65 Moderate 64 Moderate 42 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The influence of the Gila NF on this particular ERU has to do with both its higher proportional 
representation on the Forest, its seral state departure on and off Forest, and its rarity within the context 
area. The high proportional representation on the Forest indicates a greater influence on ecological 
integrity and sustainability. Its’ moderate departure on the Forest and across the context area heightens 
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the responsibility of the Forest. It is also rare within the context area, but is relatively common on the 
Forest which again, adds to the Forest’s responsibility.  
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Grassland ERUs 
 
MONTANE/SUBALPINE GRASSLANDS (MSG) ERU 
 

 

General Description 
Also referred to as montane grasslands, 
the MSG ERU (Figure 50) occurs at 
elevations ranging from 8,000 to 10,900 
feet. Size of montane/subalpine 
grasslands range from small park-like 
openings to extensive landscapes 
covering several thousand acres. This 
ERU contains a mix of dominant and co-
dominant species in both dry and 
moister environments and often 
harbors several plant associations with 
varying prominent grasses and 
herbaceous species. Such dominant 
species may include Parry’s oatgrass (Danthonia parryi Scribn.), Arizona fescue, Thurber’s fescue (Festuca 
thurberi Vasey), pine dropseed, non-native bluegrasses (Poa pratensis L. and P. compressa L.), mountain 
muhly, various sedges, shooting star (Dodecatheon jeffreyi Van Houtte), fowl mannagrass (Glyceria striata 
(Lam.) Hitchc.), Sierra rush (Juncus nevadensis S. Watson), Rocky Mountain iris (Iris missouriensis Nutt.), 
Parry’s bellflower (Campanula parryi A. Gray), California false hellebore (Veratrum californicum Durand), 
and species of bulrush (Scirpus spp. L. and/or Schoenoplectus spp. (Rchb.) Palla). Historically this ERU had 
less than 10% tree canopy cover and less than 10% shrub cover. However, tree encroachment may occur 
along the periphery of the grasslands, trees may include Engelmann and blue spruce, Rocky Mountain 
Douglas-fir, white and subalpine fir, ponderosa and limber pine, depending on elevation and adjacent 
forest ERUs. Some shrubs may also be present. Some portions of the MSG are seasonally wet, which is 
closely tied to snowmelt, though they typically do not experience flooding events. The montane/subalpine 
grasslands are often interspersed with the herbaceous riparian (RU190) ERU. Soils in swales and on 
riparian benches are usually moist throughout the year, and often harbor several plant associations with 
varying dominant grasses and herbaceous species. Upland and swale vegetation composition are 
characterized by different dominant species. Generally, annual precipitation ranges from 20 to 31 inches, 
with 50-55% coming between October 1st and March 31st. Because of the broad nature of this ERU, future 
work may develop subclasses splitting out montane grassland from the subalpine grassland. 

Figure 51 and Figure 52 show that the show the distribution of this ERU within the context area (primarily 
located in the northern and eastern portions of the context area) and northern and central portions of the 
Forest. 

 
Figure 50. MSG ERU (photo by M.R. White 1998) 
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Figure 51. General location (in black) of the MSG ERU within the context area 

 

Figure 52. General location (in black) of the MSG ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions this ERU was dominated by herbaceous vegetation (Table 91). Grasses 
provided the largest amount of biomass, however, forbs provided the greatest number of individual plant 
species (White 2002). At present, these grasslands have a significant amount of woody species 
encroachment. Encroachment by woody plants into grasslands across all elevations should be expected to 
continue in the absence of active fire management programs (Bond and Keeley 2005). 

Table 91. Seral state make-up of the MSG ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A,C 

EARLY-SERAL: Short-term recently burned, sparsely vegetated, high species 
diversity and high condition < 10% tree cover & < 10% shrub cover; and EARLY- 

TO MID-SERAL: Short-term recently burned, sparsely vegetated, low to moderate 
species diversity and < 10% tree cover & < 10% shrub cover 

20 0 20 0 20 

B 
LATE-SERAL: All herb dominance types with high species diversity and condition 
< 10% tree cover & < 10% shrub cover 

45 55 18 45 18 

D 
EARLY- TO MID-SERAL: All herb dominance types of low-moderate diversity and 
condition and < 10% tree cover & < 10% shrub cover 

35 10 30 10 30 

E, F, G 

EARLY- TO MID-SERAL; WOODY ENCROACHMENT: All shrub dominance types of low-
moderate seral condition, low to moderate species diversity and condition, 
and ≥ 10% shrub cover and < 10% tree cover; and all tree dominance types of 
early to mid-seral condition, low to moderate species diversity and condition, 
and < 10% shrub cover and ≥ 10% tree cover (occurs on contemporary 
landscapes only…) 

0 35 33 0 0 

Total  100 100 100 55 68 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 55) = 45 or MODERATE; and Context Area = (100 – 68) = 32 
or LOW 

ǂ USDA FS 2016a; LANDFIRE 2007f 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High) 

 
Departure in seral state proportion is moderate at the plan scale and in all local units except Mogollon 
Front which is in high departure and in Lower Gila River where MSG does not occur. Departure is low 
within the context area, although close to the threshold between the low and moderate categories. 
Currently there is a sizeable over representation of shrub and tree encroachment, and under 
representation of seral states A, C and D. However, there is a relatively small difference in the 
representation of seral state B (all herb dominance types with high species diversity and condition) 
between the reference and current conditions. A sizeable over representation of shrub and tree 
encroachment also occurs within the context area, however, it is due to a significant decrease in seral state 
B, rather than A, C and D. The influence of historic overgrazing and current herbivory by both livestock and 
wildlife, particularly elk, as well as past fire suppression have altered the outcomes of competition 
between herbaceous and woody vegetation. These dynamics are the driver for woody species 
encroachment and increasing densities of those species. For more information on fire and herbivory, refer 
to Chapter 9: System Drivers and Stressors. Projected trends in seral state proportion under current 
management as described by the results of the VDDT modeling are displayed in Figure 53. Recall that the 
trend analysis is conducted at the plan scale only.  
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Figure 53. Gila NF overstory vegetation successional structural states for MSG ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 45% or moderate departure from RC 
Y10 = State and transition modeling results at 10 years = 41% or moderate departure from RC 
Y100 = State and transition modeling results at 100 years = 56% or moderate departure from RC 
2 See Table 91 for a description of the overstory vegetation successional structural states 

 

Under the continuation of current management (and the current climatic regime) the MSG continues to 
trend away from the reference condition. The large segment of these grasslands are dominated by shrubs 
and trees (seral states E, F, G), and that carries on into the future under current management.  

Patch Size  
There is inadequate information on which to base a reference condition for analysis of patch size in this 
ERU (Wahlberg et al. 2014).   

Coarse Woody Debris and Snag Density  
There is no coarse woody debris and snag density assessment data for this ERU. However, as a result of 
past management activities, and possible effects of climate change, MSG ERU has experienced significant 
woody species encroachment (seral states E, F, G) therefore, coarse woody debris and number of snags 
have increased. 
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Fire Regime  
The Montane/Subalpine Grasslands are a frequent fire ERU. However, there are a few factors related to 
describing and analyzing fire severity that merit discussion. Fire that consumes overstory vegetation is 
often described as high severity, stand replacement type fire which leads to classification of fire severity 
in grasslands as such. However, there is a key difference between high severity or stand replacement fire 
in grassland systems and in forest or woodland systems. High severity fire results in tree mortality, but 
does not typically result in perennial grass mortality. In fact, grasses may begin to produce new growth 
within days given favorable moisture conditions. This leads the MTBS dataset to classify most severity in 
grasslands as low (see Key Characteristics, Data and Analysis Methods subsection for more information). 
Therefore, direct analysis of fire severity results in what appears to be high departure when in fact this is 
not the case. Given the limitations of the MTBS, reference severity in the MSG and other grassland ERUs 
may be more accurately described as low, creating a higher level of uncertainty associated with severity 
departure in grasslands than in other ecosystems. 

Fire Frequency 

Table 92. Reference and current Gila NF fire frequency for Montane/Subalpine Grasslands 

Reference: MFRI*= 2-22 yrs. 
(FFǂ = average fire rotation = 12 yrs. and stand replacement fire rotation = 12 yrs.) 

Current: FF = 32 yrs. 

Departure: Moderate 
*Kraussman and Triepke 2015 
ǂ Schussman et al. 2006; Wahlberg et al. 2014; Krausmann and Triepke 2014 

 
As shown in Table 92, over the last 19 years (1996-2015), fire has not occurred quite as frequently in the 
MSG at the plan scale than it did during the reference time period. However, at the context scale and in 
several of the Forest’s local units, departure in fire frequency is high; fire frequency at the context scale is 
887 years, 189 years in the Apache local unit, 60 years in the Black Range local unit, and 65 years in the 
Little Colorado, San Agustin Fringe local unit. Departure is low in the Upper Gila River (FF= 18 yrs.) and 
Mogollon Front (FF= 19 yrs.) local units. The MSG ERU is not mapped in the Lower Gila River local unit. 
More time between fires is the result of factors that have been described previously for the woodland 
ERUs.  

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire within the MSG ERU is 3,512 acres; 
roughly 88% at low severity, 7% at moderate severity and 5% at high severity.  Current fire severity at the 
plan scale is approximately 18%, lower than reference condition’s 88% (Schussman et al., 2006) which 
would result in a high departure rating if fire-grassland vegetation dynamics and the limitations of the 
MTBS dataset were not considered. In reality, the likelihood of actual departure in fire severity is low. 
While reductions in fine fuels, for the reasons discussed many times throughout this chapter, are as much 
of a factor in this and the other grassland ERUs on the Forest, the effects are different. Given the same 
fuel moisture conditions and fire weather as might occur in forest or woodland systems, in the case of 
grasslands, fewer fine fuels might reduce fire occurrence, size, rate of spread and effects to any 
encroaching woody vegetation in the overstory, but the effects to the understory herbaceous vegetation 
remain the same.  
 
The severity analysis also indicates high departure at the context scale (~18%) and in the Apache, Black 
Range, Little Colorado-San Agustin Fringe and Upper Gila River local units within the Forest with average 
severity between 13 and 20%. Severity departure in the Mogollon Front local unit is moderate (~58%). 
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Differences in average severity are most likely tied to the time of the fire and the time of the satellite 
imagery used to develop the MTBS for a particular fire. However, further investigation, including site visits, 
would be necessary to determine if differences were due to these factors or had additional causes.  
 

Fire Regime Condition Class (FRCC)  

Table 93. Gila NF Reference FRCC and Departure for Montane/Subalpine Grasslands 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 43.7% FRCC III = 50.2% No data = 6.1% 

Departure:  Moderate, Trend Away from Reference 

ǂ Schussman et al. 2006; Krausmann and Triepke 2014 
 
As shown in Table 93, at the plan scale, this ERU is relatively closely split between FRCC II, indicating 
moderate departure from the natural fire regime, and FRCC III, indicating high departure. With the 
uncertainty regarding average severity departure, a moderate seral state proportion departure and a low 
fire frequency departure at this scale, FRCC departure is best described as moderate to high, rather than 
assigning a single departure category. Within the Forest’s local units, Upper Gila River has an FRCC of II, 
and the Little Colorado-San Agustin Fringe and Apache local units have an FRCC of III. The Black Range and 
Mogollon Front local units do not have all necessary data elements to classify FRCC, and MSG is not 
mapped in the Lower Gila River local unit. Differences in FRCC categories reflect differences in seral state 
proportion, fire frequency and severity departures. At the context scale, MSG has an FRCC of II, indicating 
moderate departure.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 485 acres. The 
highest level occurred in 2014 at 3,497 acres. Overall, nearly 8% of this ERU has been affected by insect 
and disease activities since 1997. How much of this apparent insect and disease occurrence is due to the 
spatial accuracy of the aerial detection data and/or the ERU map is unknown. However, there is no 
information regarding specific insects or diseases activities in the MSG ERU which may indicate that these 
acres belong to adjacent ERUs rather than the MSG. 

Spatial Niche 
The MSG ERU is limited at 379,720 acres (0.8%) within the context area and it is tied with MMS as the 11th 
largest ERU. MSG contributes 113,785 (3.5%) to the Gila NF, and represents the 8th largest ERU on the 
Forest. In addition, it has a greater proportional representation on the Forest (0.62) than in the context 
area (Table 94). This ERU has a moderate seral state proportion departure at the plan scale, however it 
ranges from moderate to high across the Forest’s local units (Table 95). At the context scale, seral state 
proportion departure is low.  In general, this ERU has a sizeable representation of woody vegetation 
encroachment. On the Forest, this contemporary state exists at the expense of early to mid seral states.  

Table 94. MSG ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

MSG 113,785 3.5 379,720 0.8 30.0 0.62 
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Table 95. MSG ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

20,028 17.6 6,835 6.0 37,045 32.6 0 0.0 137 0.1 49,740 43.7 113,785 3.5 379,720 0.8 

56 Moderate 41 Moderate 42 Moderate  91 High 37 Moderate 45 Moderate 32 Low 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The influence of the Gila NF on this particular ERU has to do with both its higher proportional 
representation and moderate departure in seral state proportion on the Forest; the Forest has a higher 
level of responsibility for the restoration and maintenance of the MSG, which is heightened by its 
departure.  
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COLORADO PLATEAU/GREAT BASIN GRASSLANDS (CPGB) ERU 
 

General Description 
The CPGB ERU (Figure 54) is typically 
found along elevational and 
temperature gradients above semi-
desert grassland and below 
montane/subalpine grasslands. It 
occupies cooler and wetter sites than 
semi-desert grasslands and is common 
above the Mogollon Rim in Arizona. This 
ERU is typically associated with piñon-
juniper grass along the grassland-
woodland ecotone in cool climates. 
Generally, annual precipitation ranges 
from 12 to 18 inches, with 40% coming 
between October 1st and March 31st. 
Vegetation coverage consists of mostly 
grasses and interspersed shrubs. Grass species may include but are not limited to: Indian ricegrass 
(Achnatherum hymenoides (Roem. & Schult.) Barkworth), threeawns, blue grama, fescues, needle and 
thread grass (Hesperostipa comata (Trin. & Rupr.) Barkworth), spike fescue (Leucopoa kingii (S. Watson) 
W.A. Weber), muhlys, James’ galleta (Pleuraphis jamesii Torr.), western wheatgrass, and Sandberg 
bluegrass (Poa secunda J. Presl). Shrub species may include but are not limited to: big sagebrush 
(Artemesia tridentate Nutt.), saltbushes (Atriplex spp. L.), jointfir (Ephedra spp. L), snakeweed (Gutierrezia 
spp. Lag.), winterfat (Krascheninnikovia lanata (Pursh) A. Meeuse & Smit), one-seeded juniper, Utah 
juniper and wax currant (Ribes cereum Douglas). As described, this ERU may have had over 10% shrub 
cover historically, but had less than 10% tree cover. Other works (e.g., Robbie, 2004) have treated the 
Colorado Plateau grassland separately from Great Basin grassland. While the floristic distinction between 
these two is recognized here, the coarse ecosystem dynamics driving the two systems are similar, and 
therefore they are considered to be a common ERU. As the understanding of ecosystem processes evolves 
for these systems, and as state and transition models are developed, subclasses may be developed in the 
future. The reader is referred to Robbie (2004) for a description of the differences between the two 
grassland types. 

Figure 55 and Figure 56 show that the majority of this ERU occurs in the northern and eastern portion of 
the context area and the northern portion of the Forest. 

 
Figure 54. CPGB ERU (Wahlberg et al. 2014) 
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Figure 55. General location (in black) of the CPGB ERU within the context area 

 

Figure 56. General location (in black) of the CPGB ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions this ERU was dominated by herbaceous vegetation (Table 96). Grasses 
provided the largest amount of biomass, however, forbs provided the greatest number of individual plant 
species (White 2002). At present, these grasslands have a significant amount of woody species 
encroachment. 

Table 96. Seral state make-up of the CPGB ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY- TO MID-SERAL: Grass, forb, sparsely vegetated or recently burned with 
very open (< 10%) woody canopy cover 

5 13 2 5 2 

B 
LATE-SERAL: Herbaceous layer dominated by late successional perennial grasses 
with very open woody canopy cover 

70 0 7 0 7 

C,E 
EARLY- TO MID-SERAL, woody encroachment: Herbaceous layer dominated by 
early-mid successional vegetation, and all size shrubs and trees with open (≥ 
10% & < 30%) woody canopy cover 

25 62 74 25 25 

D 
EARLY- TO MID-SERAL, WOODY ENCROACHMENT: Herbaceous layer dominated by early 
successional weedy species, and all size shrubs and trees with closed (≥ 30%) 
woody canopy cover (occurs on contemporary landscapes only…) 

0 24 17 0 0 

Total  100 100 100 30 34 

Departure Index Rating⫲ = 100 – ∑ (similarity values): Gila NF = (100 – 30) = 70 or HIGH; and Context Area = (100 – 34) = 66 or 
MODERATE 

ǂ TNC 2006; USDA FS 2016b 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High) 
 

At the plan scale and in all local units within the Forest that contain CPGB, departure in seral state 
proportion is high with a sizeable over representation of shrub and tree encroachment (seral states C, E 
and D) with a concurrent under representation of an herbaceous layer dominated by late successional 
perennial grasses with very open woody canopy cover (seral state B). Two of the primary encroaching 
shrub species within seral states C, E and D, are broom snakeweed (Gutierrezia sarothrae (Pursh) Britton 
& Rusby), and rubber rabbitbrush (Ericameria nauseosa (Pall. ex Pursh) G.L. Nesom & Baird.). Departure 
at the context scale is moderate, but the pattern of departure is similar to that on Forest. The same 
dynamics influencing seral state proportion departure in the MSG ERU are also factors in the CPGB ERU. 
Projected trends in seral state proportion under current management as described by the results of the 
VDDT modeling are displayed in Figure 57. Recall that the trend analysis is conducted at the plan scale 
only. 
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Figure 57. Gila NF overstory vegetation successional structural states for CPGB ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities 
1 RC = Reference conditions 
CC = Current conditions = 70% or high departure from RC 
Y10 = State and transition modeling results at 10 years = 74% or high departure from RC 
Y100 = State and transition modeling results at 100 years = 75% or high departure from RC 
2 See Table 96 for a description of the overstory vegetation successional structural states 

 

Under the continuation of current management (and under the current climatic regime), the degree of 
departure remains largely unchanged (±5%). There remains a large segment of these grasslands 
dominated by trees and shrubs (seral state C, E and D) and that carries on into the future. The general 
absence of late seral, high diversity and condition herbaceous vegetation (seral state B) within this ERU 
also persists into the future.  
 

Patch Size  
There is inadequate information on which to base a reference condition for analysis of patch size in this 
ERU (Wahlberg et al. 2014).   

 

Coarse Woody Debris and Snag Density  
There is no coarse woody debris and snag density assessment data for this ERU. However, as a result of 
past management activities, and possible effects of climate change, CPGB ERU has experienced significant 
woody species encroachment (seral states C, E, and D) therefore, coarse woody debris and number of 
snags have increased. 
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Fire Regime  
The CPGB ERU is characterized by a fire regime similar to the MSG. The discussion of that ERU’s fire regime, 
and the limitations associated with assessing fire severity are also relevant to this discussion.  

Fire Frequency 

Table 97. Reference and current Gila NF fire frequency for Colorado Plateau-Great Basin 
Grassland 

Reference: MFRI*=0-35 yrs. 
(FFǂ = average fire rotation = 15 yrs. and stand replacement fire rotation = 15 yrs.) 

Current: FF = 564 yrs. 

Departure: High 
* Wahlberg et al. 2014 
ǂ Schussman et al. 2006; Wahlberg et al. 2014; Krausmann and Triepke 2014 

 
As shown in Table 97, over the last 19 years (1996-2015), fire has not occurred nearly as frequently in the 
CPGB at the plan scale than it did during the reference time period. All local units within the Forest are 
also in high departure with fire frequencies ranging from 89 to 2,883 years, except in the Upper Gila River 
local unit which is low departure (FF= 25 yrs.). Departure is high at the context scale with a fire frequency 
of more than 38,000 years. These departures occur for the same reasons described for woodland ERUs.  

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire is 160 acres; roughly 98% at low severity, 
2% at moderate severity and 0% at high severity. Current average fire severity is approximately 13%, lower 
than reference condition’s 88% (Schussman et al. 2006), which would result in a high departure rating if 
fire-grassland vegetation dynamics and the limitations of the MTBS dataset were not considered. The 
analysis also indicates high departure in all local units and at the context scale. The discussion of fire 
severity and the associated uncertainty as it occurs in the MSG assessment also applies here. 

Fire Regime Condition Class (FRCC)  

Table 98. Gila NF Reference FRCC and Departure for Colorado Plateau-Great Basin Grassland 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 93.7% FRCC III = 0.0% No data = 6.3% 

Departure:  Low, trend is expected to continue away from reference conditions 
ǂ Schussman et al. 2006; Krausmann and Triepke 2014 

 
As shown in Table 98, at the plan and context scales, this ERU falls into the FRCC II category, indicating a 
moderate departure from the natural fire regime. All local units on the Forest for which all data elements 
are available and in which CPGB occurs (Apache, Little Colorado-San Agustin Fringe and Mogollon Front) 
fall within the FRCC III category. These classifications reflect departure in seral state proportion, fire 
frequency and fire severity. 

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 450 acres. The 
highest level occurred in 2003 at 5,334 acres. Overall, nearly 9% of this ERU has been affected by insect 
and disease activities since 1997. How much of this apparent insect and disease occurrence is due to the 
spatial accuracy of the aerial detection data and/or the ERU map is unknown. However, there is no 
information regarding specific insects or diseases activities in the CPGB ERU which may indicate that these 
acres belong to adjacent ERUs rather than the CPGB. 
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Spatial Niche 
The CPGB ERU is widespread and has 2,804,141 acres (6.0%) within the context area and 89,186 acres 
(2.7%) of the Gila NF. This ERU ranks 4th largest in the context area and 9th largest on the Forest. In 
addition, it has a lower proportional representation on the Forest (-0.37) than in the context area (Table 
99). This ERU has a high seral state proportion departure at the plan and local unit scales (Table 100). The 
context area departure for this ERU is moderate, however it is on the threshold between moderate and 
high (66%). In general, this ERU is experiencing a significant amount of woody vegetation encroachment, 
has lower species diversity and vegetation condition than the reference. 

Table 99. CPGB ERU acreage and percent, and seral state departure from reference conditions 
within the local units, Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

CPGB 89,186 2.7 2,804,141 6.0 3.2 -0.37 

 

Table 100. CPGB ERU acreage and percent, and seral state departure from reference conditions 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado-San 

Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
River 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 

seral state 
departure 

31,992 35.9 214 0.2 38,759 43.5 3,505 3.9 12,815 14.4 1,901 2.1 89,186 2.8 2,804,141 6.0 

70 High 83 High 70 High 70 High 70 High 70 High 70 High 66 Moderate 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 
The influence of the Gila NF on the sustainability of this system within the broader landscape is limited 
because of its lower proportional representation of this ERU on the Forest. However, the Forest is still 
responsible for ecological integrity and sustainability of this ecosystem where it occurs on Forest. Due to 
the degree of departure, the Forest is not positioned to serve as a refugia for CPGB at this time.  
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SEMI-DESERT GRASSLAND (SDG) ERU 
General Description 
The SDG ERU (Figure 58) occurs 
throughout southeastern Arizona and 
southern New Mexico at elevations 
ranging from 3,000 to 4,500 feet. These 
grasslands are bounded by Sonoran or 
Chihuahuan desert at the lowest 
elevations and woodlands or chaparral 
at the higher elevations. Species 
composition and dominance varies 
across the broad range of soils and 
topography that occur within the two 
states. Generally, annual precipitation 
ranges from 13 to 21 inches, with 40% 
coming between October 1st and March 
31st. Dominant grassland 
associations/types are black grama grassland, blue grama grassland, curly mesquite (Hilaria belangeri 
(Steud.) Nash) grassland, tobosagrass (Pleuraphis mutica Buckley) grassland, big sacaton (Sporobolus 
wrightii Munro ex Scribn.) grassland, mixed native perennial grassland, and non-native perennial 
grassland. Shrubs (mesquite (Prosopis spp. L.), catclaw acacia (Senegalia greggii (A. Gray) Britton & Rose), 
catclaw mimosa (Mimosa aculeaticarpa Ortega), etc.) also occupy these grasslands and their abundance 
and species composition also varies. As described, this ERU may have had over 10% shrub cover 
historically, but had less than 10% tree cover. Semi-desert grassland tends to occur adjacent to and above 
desert communities, and below interior chaparral and woodlands. The boundary between semi-desert 
grassland and desert communities is sometimes hard to distinguish as desert shrub species can be 
common in this ERU (Girard and Robbie 2003) as they share similar overarching ecosystem properties 
(Wahlberg et al. 2014).  

Subclasses: There are currently four subclasses described for this ERU – Piedmont Grassland, Foothill 
Grassland, Semi-Desert Lowland Grassland, and Sandy Plains Grassland. Other works (R3 Climate Change 
Vulnerability Assessment (Triepke et al. 2015)) have split Semi-Desert Grassland into more general 
subclasses based on moisture gradient. 

The foothill grassland model best describes the SDG on the Gila NF. The SDG found on the Forest is typical 
of colluvial foothill slopes of desert mountain ranges. These often rocky sites are typically dominated by 
sideoats grama, curlyleaf muhly, New Mexico feathergrass (Hesperostipa neomexicana (Thurb. ex J.M. 
Coult.) Barkworth), and bullgrass (Muhlenbergia emersleyi Vasey). Other dominant or co-dominant grasses 
may include purple grama (Bouteloua radicosa (Fourn.) Griffiths), tanglehead (Heteropogon contortus (L.) 
P. Beauv. ex Roem. & Schult.), blue grama, hairy grama, southwestern needlegrass (Achnatherum eminens 
(Cav.) Barkworth), and slim tridens (Tridens muticus (Torr.) Nash). While shrubs and sub-shrubs are clearly 
subordinate in these grasslands, they are always common and sometimes abundant, forming a shrub-
steppe. The most diagnostic tall shrubs are mesquite, catclaw acacia, common sotol (Dasylirion wheeleri 
S. Watson), sacahuista (Nolina microcarpa S. Watson), soaptree yucca (Yucca elata (Engelm.) Engelm.), 
banana yucca (Y. baccata Torr.), Torrey’s yucca (Y. torreyi Shafer), ocotillo (Fouquieria splendens Engelm.), 
resinbush (Viguiera stenoloba S.F. Blake), along with sub-shrubs such as mariola (Parthenium incanum 
Kunth), featherplume (Dalea formosa Torr.), agaves (Agave spp. L.), and plumed crinklemat (Tiquilia greggii 
(Torr. & A. Gray) A.T. Richardson). Where the combination of drought, livestock grazing, and reduced fire 
frequency have impacted sites, shrubs typical of Chihuahuan Desert scrub can encroach. These include 

 
Figure 58. SDG ERU (Photo by M.R. White 2002) 
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viscid acacia (Acacia neovernicosa (Britton & Rose) Seigler & Ebinger), American tarwort (Flourensia 
cernua DC.), and turpentine bush (Ericameria laricifolia (A. Gray) Shinners). 

 

Figure 59. General location (in black) of the SDG ERU within the context area 

 

Figure 60. General location of the SDG ERU within the Gila NF and the six local units 
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Seral State Proportion  
Under reference conditions the majority of the SDG was comprised of herbaceous layers dominated by 
late successional perennial grasses with very open woody canopy cover (Table 101).  As mentioned in the 
general description, historically this ERU may have had over 10% shrub cover historically, but had less than 
10% tree cover. 

Table 101. Seral state make-up of the SDG ERU under reference (RC) and current conditions for 
both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity 
Values to RC† 

RC 
current 

GNF CA GNF CA 

A 
EARLY- TO MID-SERAL: Sparsely vegetated or recently burned with very open (< 
10%) woody canopy cover 

23 0 2 0 2 

B 
LATE-SERAL: Herbaceous layer dominated by late successional perennial grasses 
with very open woody canopy cover 

74 1 0 1 0 

C,D 
EARLY- TO MID-SERAL, WOODY ENCROACHMENT: Shrub and tree dominated 
(encroached) with open ( ≥ 10 & > 29%) woody canopy cover, low species 
diversity, herbaceous layer dominated by early-mid successional vegetation 

3 91 54 3 3 

E,F,G,H 

EARLY- TO MID-SERAL, WOODY ENCROACHMENT: Shrub and tree dominated 
(encroached) with closed ( ≥ 30%) woody canopy cover, low species diversity 
herbaceous layer dominated by low species diversity and exotic dominated 
herbaceous layer (occurs on contemporary landscapes only…) 

0 8 44 0 0 

Total  100 100 100 4 5 

Departure Index Rating⫲ = 100 – ∑ similarity values: Gila NF = (100 – 4) = 96 or HIGH; and Context Area = (100 – 5) = 95 or HIGH 

ǂ Schussman 2006; USDA FS 2016c 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski (1913), as cited in Kent and Coker, 1992, page 93) 
⫲ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High) 

 
Departure in seral state proportion is high at all scales considered in this analysis. Currently there is a 
sizeable over representation of an herbaceous layer dominated by early-mid successional vegetation, and 
all size shrubs and trees with open woody canopy cover (seral state C, D), and a significant under 
representation of a herbaceous layer dominated by late successional perennial grasses with very open 
woody canopy cover (seral state B). This is also the case within the context area landscape. In seral states 
E, F, G and H, the dominance of exotic species occurs within some places of the context area, but does not 
currently occur on the Gila NF. The same dynamics influencing seral state proportion departure in the 
other grassland ERUs are also factors in the SDG ERU Projected trends in seral state proportion under 
current management as described by the results of the VDDT modeling are displayed in Figure 61. Recall 
that the trend analysis is conducted at the plan scale only. 
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Figure 61. Gila NF overstory vegetation successional structural states for SDG ERU under 
reference conditions (RC), current conditions (CC), and following state and transition modeling 

results at 10 and 100 years, based on current Forest management activities  
1 RC = Reference conditions 
CC = Current conditions = 96% or high departure from RC 
Y10 = State and transition modeling results at 10 years = 94% or high departure from RC 
Y100 = State and transition modeling results at 100 years = 94% or high departure from RC 
2 See Table 101 for a description of the overstory vegetation successional structural states 

 
Under the continuation of current management (and under the current climatic regime), the degree of 
departure remains largely unchanged (±5%). There remains a large segment of these grasslands 
dominated by trees and shrubs (seral state C, D) that carries on into the future. The general absence of 
late seral, high diversity and condition herbaceous vegetation (seral state B) within this ERU also persists 
into the future.  
 

Patch Size  
There is inadequate information on which to base a reference condition for analysis of patch size in this 
ERU (Wahlberg et al. 2014).   

Coarse Woody Debris and Snag Density  
There is no coarse woody debris and snag density assessment data for this ERU. However, as a result of 
past management activities, and possible effects of climate change, SDG ERU has experienced significant 
woody species encroachment (seral states C, D), therefore, coarse woody debris and number of snags have 
increased. Shrub encroachment in portions of the context area is extreme and perennial grasses are 
virtually eliminated in many areas that were heavily grazed beginning in the early-to-mid 1800s (Brown 
and Makings 2014). 
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Fire Regime  
The SDG ERU is characterized by a fire regime similar to the MSG. The discussion of that ERU’s fire regime, 
and the limitations associated with assessing fire severity are also relevant to this discussion. 

Fire Frequency 

Table 102. Reference and current Gila NF fire frequency for Semidesert Grassland 

Reference: MFRI*=3-10 yrs. 
(FFǂ = average fire rotation = 6.3 yrs. and stand replacement fire rotation = 6.3 yrs.) 

Current: FF = 760 yrs. 

Departure: High 
*Sussman et al. 2006; Wahlberg et al. 2014 
ǂ Kaib et al. 1996; Swetnam and Betancourt 1998; Schussman et al. 2006; Schussman 2006; Wahlberg et al. 2014; Krausmann 
and Triepke 2014  

 
As shown in Table 102, over the last 19 years (1996-2015), fire has not occurred nearly as frequently in the 
SDG at the context, plan and local scales than it did during the reference time period with fire frequencies 
ranging from a low of roughly 100 years in the Upper Gila River local unit on the Forest to a high of over 
191,000 years on the Apache local unit. The same dynamics at work in the woodland and other grassland 
ERUs also contribute to departure in the SDG.  

Fire Severity  
The 19-year (1996-2015) average annual acres burned by wildfire within the SDG ERU is 74 acres; roughly 
98% at low severity, 2% at moderate severity and 0% at high severity. Current average fire severity at the 
plan scale is approximately 21%, lower than reference condition’s 88% (Schussman et al., 2006 which 
would result in a high departure rating if fire-grassland vegetation dynamics and the limitations of the 
MTBS dataset were not considered. The analysis also indicates high departure in all local units and at the 
context scale. The discussion of fire severity and the associated uncertainty as it occurs in the MSG and 
CPGB assessments also apply here.  

Fire Regime Condition Class (FRCC)  

Table 103. Gila NF Reference FRCC and Departure for Semidesert Grassland 
Reference: FRCC I 

Current: FRCC I = 0.0% FRCC II = 0.0% FRCC III = 88.7% No data = 11.3% 

Departure:  High, Static Trend 
ǂ Schussman et al. 2006; Krausmann and Triepke 2014 

 
As shown in Table 103, FRCC departure is high at all scales in which SDG occurs and all data elements are 
available. Patterns of FRCC departure reflect patterns of seral state proportion, fire frequency and severity 
departure.  

Insects and Disease  
Over the last 18 years, on an annual average basis, insects and disease have affected nearly 87 acres. The 
highest level occurred in 2003 at 1,378 acres. Overall, nearly 3% of this ERU has been affected by insect 
and disease activities since 1997. How much of this apparent insect and disease occurrence is due to the 
spatial accuracy of the aerial detection data and/or the ERU map is unknown. However, there is no 
information regarding specific insects or diseases activities in the SDG ERU which may indicate that these 
acres belong to adjacent ERUs rather than the SDG. 

  



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  131 

Spatial Niche 
The SDG ERU is widespread within the context area and at 16,091,824 or 34.3%, it is the largest ERU in the 
context area. Within the Gila NF, the SDG contributes 55,988 acres, roughly 1.7% of the Forest. It is the 
11th largest ERU on the Forest. In addition, it has the lowest proportional representation on the Forest (-
0.90) than any other ERU in the context area (Table 103). This ERU has a high seral state departure rating 
at all scales (Table 104). Seral state representation within the context area does not follows the same 
overall pattern as within the Gila NF. In general, this ERU is experiencing a significant amount of woody 
vegetation encroachment, has lower species diversity and vegetation condition than the reference. In 
some places within the context area, the SDG is dominated by exotic herbaceous species. This condition 
does not exist on the Gila NF. 

Table 103. SDG ERU acreage and percent, and seral state departure from reference conditions 
within the local units, Forest and context area 

Gila NF Upland 
ERUs 
(column 1) 

Total ERU Area on Gila NF  
(column 2) 

Total ERU Area within CA  
(column 3) 

Gila NF’s Contribution to Total ERU 
within CA (column 4) 

acres 
(2a) 

% of 
Gila NF 

(2b) 

acres 
(3a) 

% of CA 
(3b) 

from 
Gila NF  

(4a) 

proportional 
representation† (4b) 

SDG 55,988 1.7 16,091,824 34.3 0.3 -0.90 

 

Table 104. SDG ERU acreage and percent, and seral state departure from reference conditions1 
within the local units, Forest and context area  

 
 

Apache Black Range 

Little 
Colorado- 

San Agustin 
Fringe 

Lower Gila 
River 

Mogollon 
Front 

Upper Gila 
river 

Gila NF Context Area 

acres % acres % acres % acres % acres % acres % acres % acres % 

 
Percent 
seral state 
departure 

6,424 11.5 1,747 3.1 2,896 5.2 14,982 26.8 28,231 50.4 1,708 3.1 55,989 1.7 16,091,824 34.3 

95 High 97 High 96 High 97 High 96 High 96 High 96 High 95 High 

1 Seral state departure from reference condition: Low = 0-33%; Moderate = 34-66%; High = 67-100% 

 

The influence of the Gila NF on the sustainability of this system within the broader landscape is limited 
because of its lower proportional representation of this ERU on the Forest. However, the Forest is still 
responsible for ecological integrity and sustainability of this ecosystem where it occurs on Forest. Due to 
the degree of departure, the Forest is not positioned to serve as a refugia for SDG at this time.  

Risk  
Risk to the ecological integrity of upland vegetation ecosystem characteristics analyzed in this chapter is 
assessed for each ERU using the matrix displayed in Table 105. Where trend was not able to be assessed, 
risk is a direct interpretation of departure. The results of the risk assessment are displayed in Table 106 
with “L” meaning low risk, “M” moderate risk, “H” high risk and “ND” meaning there was insufficient data 
to assess departure or risk for that characteristic at that particular scale. Where an ERU is not mapped or 
present, there is no risk which is indicated. While not displayed in the risk results, a moderate or greater 
vulnerability to climate change elevates risk one category. The CCVA analysis and results are displayed and 
discussed in more detail under the climate change subheading in Chapter 9: System Drivers and Stressors.  
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Table 105. Gila NF upland vegetation ecosystem characteristic risk assessment matrix 

Departure Trend Toward Reference 
Trend Unknown or Static 

(±5%) 
Trend Away from 

Reference 

High Low Risk High Risk Very High Risk 

Moderate Low Risk Moderate Risk High Risk 

Low Low Risk Low Risk Moderate Risk 

Table 106. Gila NF upland vegetation ecosystem characteristic risk results without consideration 
of climate change vulnerability 

ERU 
Code 

Scale of Analysis 

Key Ecosystem Characteristic 
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Gila NF VH VH VH VH VH L VH 

Local Units 

Apache H ND ND ND H M ND 

Black Range H ND ND ND H L ND 

Little Colorado-
San Agustin Fringe 

None 

Lower Gila River None 

Mogollon Front H ND ND ND H L H 

Upper Gila River H ND ND ND H L H 

MCW 

Gila NF M M H H H L M 

Local Units 

Apache M ND ND ND H L M 

Black Range M ND ND ND H L M 

Little Colorado-
San Agustin Fringe 

M ND ND ND 
L M 

M 

Lower Gila River M ND ND ND M L M 

Mogollon Front M ND ND ND H L M 

Upper Gila River M ND ND ND H L M 
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MCD 

Gila NF M L H H L M M 

Local Units 

Apache H ND ND ND M M M 

Black Range M ND ND ND L H M 

Little Colorado-
San Agustin Fringe 

H 
ND ND ND 

M L M 

Lower Gila River M ND ND ND M H M 

Mogollon Front M ND ND ND L H M 

Upper Gila River M ND ND ND L L M 

PPF 

Gila NF H H H H L L H 

Apache H ND ND ND H L H 

Black Range H ND ND ND L L H 

Little Colorado-
San Agustin Fringe 

H ND ND ND 
H 

L H 

Lower Gila River H ND ND ND M L H 

Mogollon Front H ND ND ND H L H 

Upper Gila River H ND ND ND L L H 

PPE 

Gila NF L L L L L L L 

Local Units 

Apache M ND ND ND L L M 

Black Range M ND ND ND L M M 

Little Colorado-
San Agustin Fringe 

M ND ND ND L L M 

Lower Gila River H ND ND ND L L M 

Mogollon Front M ND ND ND L H M 

Upper Gila River M ND ND ND L L M 

MPO 
Gila NF M ND VH M H L H 

Local Units 
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Apache L ND ND ND ND ND ND 

Black Range M ND ND ND ND ND ND 

Little Colorado-
San Agustin Fringe 

M ND ND ND ND ND ND 

Lower Gila River None 

Mogollon Front L ND ND ND H L M 

Upper Gila River L ND ND ND L L ND 

PJC 

Gila NF M ND H M M M M 

Local Units 

Apache H ND ND ND ND ND ND 

Black Range H ND ND ND M H H 

Little Colorado-
San Agustin Fringe 

M 
ND ND ND 

L 
H 

M 

Lower Gila River H ND ND ND ND ND ND 

Mogollon Front M ND ND ND M H M 

Upper Gila River None 

PJO 

Gila NF M M H M L H M 

Local Units 

Apache M ND ND ND L H M 

Black Range M ND ND ND M H M 

Little Colorado-
San Agustin Fringe 

L ND ND ND 
L 

H M 

Lower Gila River L ND ND ND L H M 

Mogollon Front M ND ND ND M M M 

Upper Gila River M ND ND ND L H M 

PJG 

Gila NF M H H L H L M 

Local Units 

Apache M ND ND ND H L  M 
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Black Range M ND ND ND H M M 

Little Colorado-
San Agustin Fringe 

M ND ND ND H L M 

Lower Gila River M ND ND ND H L M 

Mogollon Front M ND ND ND H M M 

Upper Gila River M ND ND ND L M M 

JUG 

Gila NF M H VH M H L H 

Local Units 

Apache L ND ND ND ND ND ND 

Black Range None 

Little Colorado-
San Agustin Fringe 

None 

Lower Gila River M ND ND ND H L M 

Mogollon Front L ND ND ND H L M 

Upper Gila River M ND ND ND ND ND ND 

MMS 

Gila NF M ND ND ND L H H 

Local Units 

Apache M ND ND ND H H ND 

Black Range M ND ND ND L H M 

Little Colorado-
San Agustin Fringe 

H 
ND ND ND L H ND 

Lower Gila River M ND ND ND H H H 

Mogollon Front M ND ND ND L H M 

Upper Gila River M ND ND ND M H M 

MSG 

Gila NF H ND ND ND M H H-VH 

Local Units 

Apache M ND ND ND H H H 

Black Range M ND ND ND H  H ND 
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Little Colorado-
San Agustin Fringe 

M ND ND ND 
H 

H 
H 

Lower Gila River None 

Mogollon Front H ND ND ND L M ND 

Upper Gila River M ND ND ND L H M 

CPGB 

Gila NF H ND ND ND H H M 

Local Units 

Apache H ND ND ND H H H 

Black Range H ND ND ND ND ND ND 

Little Colorado-
San Agustin Fringe 

H ND ND ND H H 
H 

Lower Gila River H ND ND ND H H ND 

Mogollon Front H ND ND ND H H H 

Upper Gila River M ND ND ND L H ND 

SDG 

Gila NF H ND ND ND H H H 

Local Units 

Apache H ND ND ND H H H 

Black Range H ND ND ND ND ND ND 

Little Colorado-
San Agustin Fringe 

H ND ND ND H H H 

Lower Gila River H ND ND ND H H H 

Mogollon Front H ND ND ND H H H 

Upper Gila River H ND ND ND H H H 

 

In the forested ERUs (SFF, MCW, MCD, PPF, PPE), risk associated with key ecosystem characteristics of 
upland vegetation are interrelated and dependent on factors both within and outside the control of Gila 
NF management. Legacy issues related to past management also vary in their contribution to risk. The 
legacy of past fire suppression has not had a significant effect on SFF and MCW as they are infrequent fire 
systems with mean fire return intervals greater than the duration of fire suppression policy. Neither are 
they influenced to any significant degree by other past or current management activities such as timber 
harvest and livestock grazing. This is due to the percentage of these ERUs that occur on steep slopes and 
with respect to timber harvest, the relatively high percentage of these ERUs that occur within designated 
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wilderness. All risk associated with these two ERUs is the product of drought and fire frequencies that are 
well outside the natural range of variability; fires have occurred too often in the 19 years considered in 
this assessment.  

In fact, departure in seral state proportion and patch size may be even greater than depicted here due to 
the methodology used to update the Gila NF’s Midscale Existing Vegetation dataset after recent wildfires 
such as the 2012 Whitewater Baldy Complex Fire and 2013 Silver Fire which burned large extents of these 
two ERUs. Furthermore, despite the assessment data not having the resolution needed to analyze old 
growth, these recent stand replacement wildfires are enough to draw valid inferences about risk to SFF 
and MCW old growth. These two ERUs also have the highest climate change vulnerability ratings and the 
lowest uncertainty ratings of all ERUs on the Forest, which elevates risk one category. The greater the 
vulnerability to climate change, the less resilient the ecosystem is likely to be and the less likely the system 
is to persist. This is particularly a concern for these ecosystems as there is little or no higher elevation sites 
for their migration. For more information about drought, climate change and the potential effect of fire 
management on vegetation types under a changing climate see Chapter 9: System Drivers and Stressors. 

In the MCD, PPF and PPE ERUs, legacy issues associated with past fire suppression, historic timber harvest 
and historic overgrazing are present and have been discussed. Other disturbances and management 
factors have been and remain present in these systems, but do not significantly influence the vegetation 
characteristics assessed to a degree where they might be measurable at these scales of analysis. However, 
they may significantly affect the quality of wildlife habitat these ERUs provide, and certainly impact soil 
and water resource characteristics analyzed in those respective chapters. While improvements over 
historic conditions have been realized, VDDT modeling results indicate that continuation of current 
management (under the current climatic regime) produces a static trend for seral state proportion, coarse 
woody debris and snags and FRCC. Therefore, current management may not be wholly responsible for 
departure, but contributes to future risk.  

On the other hand, departure and therefore risk, may be inflated in these ecosystems given that the 
scientific information available to describe reference conditions does not reflect the influence of complex 
terrain, steep slopes, geology and soils, or position within the geographic and climatic range of a particular 
ERU. These factors are important soil and vegetation drivers on the Gila NF, in these and other ERUs.  Risk 
associated with current fire management, as demonstrated by fire frequency and severity, is low for these 
ERUs, which may offer validation of inflated departure in seral state proportion and FRCC due to these 
factors. Predominantly low departure and risk associated with fire frequency and severity speaks to the 
management emphasis placed on these systems and is indicative of successes associated with the work 
that the Gila NF and partners have accomplished over the last 20 years. However, the available coarse 
woody debris and snag data used in this assessment suggests there may still risk associated with heavy 
fuel accumulations in PPF, PPE, and MCD, as does a higher proportion of moderate and high fire severity 
departures and risk in MCD. However, higher fire severity departure and risk in MCD may be significantly 
influenced by topography, not solely stand conditions. Another factor that may contribute to fire related 
risks is related to departure in seral state proportion; when fire is frequent and fine fuels are sufficient to 
support its fire occurrence and spread, but insufficient to produce the flame lengths necessary to kill 
undesired conifer regeneration in the understory, fire is not a tool to restore vegetation structure. 
Insufficient fine fuels may play a role in lower fire severity in the PPF than compared to the reference.  

Additionally in PPF,  a few local units in low departure that do not contain the majority of the ERU acres 
are disproportionally influencing low departure at the plan scale indicating that the Forest may have the 
opportunity to be more strategic about where to manage fire in this ERU.  The MCD, PPF and PPE ERUs 
have a moderate or higher vulnerability to climate change at all scales, which elevates risk one category. 
For more information about the potential effect of fire management on vegetation types under a changing 
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climate, non-fire vegetation treatments and herbivory, see Chapter 9: System Drivers and Stressors. In the 
PPE, or PPF systems that contain re-sprouting oak and/or juniper species, or have the potential for these 
species to exist, there is a potential feedback between vegetation type conversions predicted to 
accompany climate change and Forest management: the conversion from forest to woodland conditions 
associated with any management activity that reduces overstory canopy to the extent that these shade 
intolerant, re-sprouting species are favored, including crown fires (Barton 2002), or silvicultural practices. 
Although this may not have been detectable at the scales considered in this assessment, field observations 
on the Gila NF have validated this as a concern. 

In the woodland ERUs (MPO, PJC, PJO, PJG and JUG), legacy issues associated with past management, 
(considering past firewood harvesting practices instead of timber harvest), are also present, contribute to 
risk. Again, current management has realized improvements over historic, but VDDT models indicate 
continuation of current management does not reduce departure and risk over time (static trend). The JUG 
and MPO are exceptions in which current management increases risk to seral state proportion, coarse 
woody debris, snag density and FRCC.  In the JUG and PJG ERUs, risk is primarily associated with infrequent 
fire in these characteristically frequent fire ecosystems, but in the JUG, non-fire vegetation management 
activities that may be designed for grassland systems may also be contribute to risk. In the infrequent fire 
PJO ERU, fire frequency is within the natural range of variation but there is risk associated with lower fire 
severities; a mosaic of mixed severity is more characteristic of this system and might reduce risk to 
vegetation structure (seral state proportion and patch size). Lower severity in the PJO, and less frequent 
fires in JUG and PJG are likely due to insufficient fine fuels to support fire occurrence and spread (JUG ad 
PJG) or to support higher severity (PJO).  The MPO and PJC ERUs are also generally considered infrequent 
fire systems, but are under a degree of risk due to longer fire free periods than the available science 
indicates occurred historically.   

In the MMS ERU, moderate to high departure and risk in seral state proportion, which reflects an over 
representation of late seral conditions.  The majority of this ERU is located on steep slopes (≥ 40%) and 
climate and fire have been and remain the predominant influences seral conditions. In all local units except 
the Upper Gila River, fire is not occurring as often and when it occurs, on average, severity is lower than 
under reference conditions. This is perhaps explained insufficient fine fuels to support stand replacement 
type fires. Fine fuel production in most locations within the MMS is influenced by drought and soil 
characteristics, but where this ERU occurs on gentler terrain, primarily in the Burro Mountains of the Lower 
Gila River local unit, the legacy of historic overgrazing and associated soil loss and current livestock grazing 
have a stronger influence on the supply of fine fuels. However, lightning simply hasn’t started a fire in 
proximity to some of these locations recently and the close proximity to private property and the Wildland 
Urban Interface has resulted in fire suppression strategies in others. In the Upper Gila River local unit, seral 
state proportion is probably not due to an over representation of late seral states, as fire has occurred 
more frequently over the last 19 years than under the reference condition; lower average severity in the 
Upper Gila River local unit is likely a reflection of stand replacement fires in the Gila Wilderness that 
occurred prior to 1996. 

All woodland ERUs with climate change vulnerability ratings generally have a moderate or greater 
vulnerability at all scales with the exception of the Little Colorado-San Agustin Fringe local unit in which 
there is low vulnerability for PJG and PJO and in the Upper Gila River local unit where vulnerability is low 
for the PJO ERU. The MMS ERU generally has low to moderate vulnerability to climate change ratings at all 
scales, except in the Black Range and Mogollon Front local units where vulnerability is low; vulnerability is 
highest in the Lower Gila River local unit. As previously stated, where vulnerability is moderate or greater, 
climate change elevates risk one category.  
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In the Gila NF’s grassland ERUs, legacy issues related to historic overgrazing and fire suppression contribute 
to departure, and therefore risk. Although current management has allowed for improvement over historic 
conditions and moderate and low departure and risk occur more often, as compared to the other 
grasslands and generally favoring higher species diversity and vegetation condition as compared to the 
context area, the MSG trend projected by the VDDT modeling is away from reference. This is a reflection 
of woody vegetation encroachment that is expected to continue under current management.  Departure 
and risk is high with respect to most or all characteristics in the CPGB and SDG ERUs at all scales, but the 
trend is static under current management. Woody vegetation encroachment, lower species diversity and 
vegetation condition are prevalent in these two grasslands. An exception for the CPGB ERU lies within the 
Upper Gila River local unit where departure and risk associated with seral state proportion is moderate 
and fire frequency departure and risk is low. Although trends were projected at the Forest level only, lower 
departure and risk in this local unit may signify a trend toward the reference condition. Insufficient fine 
fuels, either to support fire occurrence and spread or to produce flame lengths sufficient to kill 
encroaching conifers or both are the primary issues related to current management in the Gila NF’s 
grassland ERUs, and to varying degrees in all ERUs except SFF and MCW, which reflects competing 
priorities associated with forage production and restoring the natural fire regime in these systems.  

Summary  
This assessment reviews the best available vegetation information related to the Gila NF’s upland 
Ecological Response Units (ERUs), at the context, plan and local unit scales to explore the ability of the 
vegetation to sustain the ecosystem services it provides under current Forest Plan direction and under the 
current climatic regime.  Sustainability was assessed by exploring key ecosystem characteristics related to 
vegetation including: seral state proportion, patch size, coarse woody debris and snag densities, fire 
frequency, fire severity and Fire Regime Condition Class (FRCC). Insects and disease relative to each ERU 
were briefly discussed. Current conditions related to these characteristics were compared to what is 
known about natural range of variability to determine departure and, where the data and analysis 
methods allow, trends were projected assuming continuation of current management. Departure and 
trend were then used to infer risk to sustainability. The degree of risk is commensurate with departure, 
unless a trend indicates otherwise.  

While there is always measure of risk associated with all management actions or inactions, as well as 
factors outside of management authority or ability to control, such as drought, there is a significant 
amount of departure and risk associated with combination of  the legacy issues and current management 
in most of the Forest’s ERUs. This departure is typically expressed by increasing densities of woody 
vegetation, infill of forest and woodland openings and encroachment of grasslands. In the SFF, JUG, MPO 
and MSG, there is a significant degree of risk, which is projected to increase as a result of current 
management. Current management may be ameliorating risk in the PPE ERU and is expected to maintain 
current departure and risk levels in all other ERUs.  

Fire is occurring too frequently in the high elevation, infrequent fire SFF and MCW ERUs as a result of 
drought. At the Forest scale, current management supports the natural role of fire with respect to how 
often it occurs in the MCD, PPF and PPE ERUs, but fire severity averages too low to support fire as a tool 
to restore vegetation structure in the PPF and PPE. Fire severity averages higher in the MCD than is 
characteristic of this system, which is influenced an increase in tree density, live ladder fuels, topography, 
fuel moisture, fire weather and perhaps additional factors. In the woodland ERUs, fire is generally not 
occurring as frequently as the current scientific information suggests they did in the past, whether those 
fire regimes were characteristically frequent or infrequent. This is contributing to departure and risk in 
vegetation structure and patch size. The exception being in the infrequent fire PJO ERU, in which fire 
frequency roughly reflects the natural range of variability. On the other hand, average fire severity is lower 
in all woodland ERUs, than is characteristic of these systems, including the PJO, which limits the utility of 
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fire as a restoration tool. The same pattern with respect to the role of fire as a natural ecological process 
is true in the grassland systems. The fine fuels necessary to support characteristic fire in all ERUs except 
SFF and MCW are also the forage on which livestock and wildlife depend. The current situation with regard 
to coarse woody debris and snag densities are completely opposite; all ERUs have accumulations of these 
fuels that are outside what is known about the natural range of variation or the calculated amount 
necessary to support system sustainability. Within the Forest, patterns of departure and risk are 
illuminated by the local unit departure which may be higher or lower than the overall Forest ratings. 
Departure and risk are lower for most characteristics and ERUs in the Upper Gila River local unit.  

In general, conditions are better on the Forest than within the context area in the MPO, JUG and PPE. 
Conditions are generally more departed on the Forest than within the context area in the PJC, MMS and 
MSG, however with respect to the MSG, these results are somewhat misleading. The proportion of the 
MSG in late seral conditions, with high species diversity and vegetation condition on the Forest is quite 
similar to the reference condition, which is not the case in the context area where those conditions are 
nearly absent; rather it is woody species encroachment that is being reflected. Conditions within the 
remaining ERUs considered in this assessment are similar both on and off-Forest.  

Except for the SFF, MCW and MPO ERUs, the Forest is closer to the reference mean fire return interval 
than is the context area. Fire frequency is within the natural range of variation at the context scale in MCW. 
As mentioned previously, SFF on Forest is experiencing fire with greater frequency than the reference and 
is outside the natural range of variation. In the context area, fire frequency is outside the natural range of 
variability, but fires are occurring less frequently than the science suggests is characteristic of this system. 
In contrast, fire frequency is within the natural range of variation for the MPO in the context area, but is 
highly departed on Forest. This is interesting because the distribution of vegetation structural states is 
within the natural range of variation on the Forest, but is departed within the context area.  

This is perhaps one of many illustrations regarding the limitations of even the best available scientific data, 
information and understanding. The most important limitations to note are: 

 The science defining reference conditions may not adequately account for natural variations in 
vegetation structure, composition, patch size, etc. that occur due to local physical environmental 
factors such as slope, aspect, geology and soils. All of these factors exert strong influences on most 
ERUs in most places on the Gila NF.  

 The data available to describe coarse woody debris and snag densities are of varying ages and may 
or may not reflect actual current conditions.  

 The resolution of the data used to assess seral state proportion cannot be used alone to draw valid 
inferences on the status of old growth.  

 While the concepts supporting the ERU framework are scientifically solid and useful, and the Gila 
NF’s ERU map is founded in field data, it is ultimately a remote sensing product that has not been 
field validated. The extent to which this influences the results of this analysis is unknown.  

Nature is complex. Climate change increases these complexities and introduces additional uncertainties. 
In terms of this assessment, ecosystem vulnerability to climate change increases the risk to sustainability.  

 

Stakeholder Input 
It was nearly universally recognized that the forests are denser and more overgrown compared to historical 
conditions, which has many ecological and socioeconomic implications.  There were concerns about 



Chapter 2. Upland Vegetation 

 
Gila National Forest Assessment Report – Final  141 

encroachment of woody species into grasslands where meadows and open spaces have disappeared 
leading to less understory vegetation for livestock/wildlife and to slow erosion.  Many people attribute the 
under representation of early seral habitat on the National Forest to historic wildfire suppression policy 
and lack of active management.  There is broad interest in the collaborative restoration of these 
ecosystems to restore the natural mosaic of habitats and functions using extensive prescribed burning 
programs and various timber harvest, firewood gathering (esp. more fuelwood areas), thinning and 
livestock grazing practices.  It was further suggested to work with willing partners across the Forest 
boundary to promote landscape level restoration in conjunction with entities such as the Bureau of Land 
Management, State Forestry, and Soil and Water Conservation Districts.  A need was identified to develop 
infrastructure and industry to make it economically feasible to accept/process the amount of material that 
needs to be removed, which would also benefit local economies. It was also suggested to use herbicide to 
control alligator juniper resprouting after thinning treatments for maintenance of treated areas. 

Negative changes witnessed also include more insect infestations and invasive species, and extreme 
events such as uncharacteristic fire, drought and floods. Overall, participants felt the system has weakened 
and has less ability to recover from these extreme events. 

After the release of the draft assessment report, the Forest received comments echoing the concerns and 
ideas offered at the beginning of the assessment phase. Additional input related to upland vegetation 
included detailed ideas for plan components. Some were concerned about the season in which the Forest 
managed fires, the way in which prescribed burning is conducted, invasive species inventory, monitoring 
and treatment, and the number of field going Forest Service employees. Recommendations to conduct 
grassland studies to help identify historic grasslands were also received. Others had alternative ideas about 
how the stand exam data should have been used and were concerned about the Forest’s overall 
monitoring program. The majority of the comments on the upland vegetation analysis sought clarification 
of the chapter content, identified contradictory data and/or interpretations they perceived, or suggested 
alternate language.  
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Chapter 3. Baseline Carbon Assessment 
Introduction 
The emission of greenhouse gases (GHGs) by human activities and natural processes contribute to the 
warming of the Earth’s climate.  Warming could have significant ecological, economic, and social impacts 
at regional and global scales (IPCC 2007).  In 2005, US forests were estimated to be sequestering nearly 
220.5 million tons of carbon (Cameron et al. 2013), suggesting that forests and woodlands of the 
Southwest could have a significant role to play in the sequestration of carbon and climate change 
mitigation.  The USDA Forest Service has directed a baseline assessment of carbon stocks as part of the 
forest plan revision assessment process (36 CFR 219.6(b)(4)).  

In this chapter, the major carbon components of Southwest ecosystems are considered including biomass, 
carbon emissions, and soil organic carbon.  Some estimates are provided for biomass and soil carbon on 
the Gila NF in southwestern New Mexico.  For the moment, the carbon emissions component has been 
characterized by using a case study synthesis from the Apache-Sitgreaves NFs.  The description of other 
carbon components, such as forest products, would provide a fuller accounting of carbon stocks and flux; 
for the time being, inclusion of the major components of biomass, emissions, and soil carbon will suffice 
for strategic purposes of Forest planning. 

Carbon Stocks on the Gila NF 
Biomass (vegetative carbon) 
Vegetative biomass serves an integral component in forest carbon cycles. Forest vegetation, through the 
process of photosynthesis, converts atmospheric carbon dioxide to carbohydrates (referred to as carbon 
fixation). These carbohydrates (sugars) are used by plants to grow both aboveground biomass in the form 
of stems and leaves, and belowground biomass in the form of roots and tubers. Conversely, through the 
process of decay, dead plant material slowly releases carbon into the atmosphere as it decomposes. Total 
carbon stored in vegetative biomass is referred to as the biomass carbon stock, and this is a value that 
changes through time. The primary influences on biomass carbon stock are plant growth (primary 
productivity) which serves to increase biomass carbon stock, decay and decomposition which slowly 
decreases biomass carbon stock, and disturbance in the form of fire and harvest. Wildland fire provides a 
major source of carbon emissions in a forest setting, and is discussed in detail in the carbon emissions 
section of this document. Biomass harvest plays a varying role in carbon emissions, depending largely on 
the use of the wood products. For example, wood products utilized as saw timber in construction or for 
furniture tend to provide long term carbon storage with slow release, while wood products used as 
fuelwood and burned for heat provide increased carbon emissions into the atmosphere. As forest and 
grassland ecosystems are constantly changing through natural succession and disturbance, biomass 
carbon stock also changes through time. This section will focus on biomass carbon stocks over time on 
lands of the Gila National Forest (NF).  For the purpose of this chapter, biomass carbon stock includes 
aboveground live biomass, standing dead biomass, downed woody debris, litter and duff, and 
belowground live biomass (in forest and woodland systems; not yet quantified for grassland and shrubland 
systems); Belowground nonliving plant material is considered in soil organic carbon.  The methods for 
deriving biomass values for seral states within forest and woodland ecosystems are included in Appendix 
B, and below for seral states within grassland and shrubland systems. 

Current Conditions: Biomass Carbon Quantities 
The Gila NF can be stratified into fourteen major ecosystem types referred to as Ecological Response Units 
or ERUs (Table 107).  Each ERU contributes differently to carbon stocks and their flux based on its spatial 
extent, vegetation community composition and structure, and ecosystem dynamics.  Generally speaking, 
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relative contributions to carbon stocks are lowest in desert and grassland ERUs, with increasing 
contributions by shrubland, woodland, and forest ERUs, respectively.  

Table 107.  Major Ecological Response Units on the Gila NF in acres and percent. 

System Type Ecological Response Unit ERU Code Acres 
Percent of 
Gila NF 

Grassland 
Colorado Plateau Great Basin Grasslands CPGB 89,187 2.7% 
Montane Subalpine Grasslands MSG 113,784 3.5% 
Semi-Desert Grassland SDG 55,988 1.7% 

Shrubland Mountain Mahogany Mixed Shrubland MMS 166,489 5.1% 

Woodland 

Juniper Grassland JUG 114,396 3.5% 
Madrean Piñon Oak Woodland MPO 17,361 0.5% 
Piñon Juniper Evergreen Shrub PJC 10,679 0.3% 
Piñon Juniper Grassland PJG 291,648 8.9% 
Piñon Juniper Woodland PJO 848,443 25.9% 

Forest 

Ponderosa Pine – Evergreen Oak PPE 378,156 11.6% 
Ponderosa Pine Forest PPF 630,278 19.3% 
Mixed Conifer – Frequent Fire MCD 395,573 12.1% 
Mixed Conifer with Aspen MCW 74,072 2.3% 
Spruce Fir Forest SFF 23,778 0.7% 

 Total Area of Major ERUs on Gila NF  3,209,832 100% 
 Total Area of Gila NF Planning Unit  3,271,487 98.1% 

The figures and tables presented in this chapter represent carbon stock for current conditions, reference 
conditions, and for select ERUs, modeled future conditions under current management intensities. Each 
ERU is referred to by its assigned two- to three-letter code; for reference, these appear in the third column 
of Table 107. Carbon stock values are presented below both by ERU and collectively for the Gila NF.  For 
each seral (or successional) state in each ERU, carbon stock coefficients were assigned based on either 
information gleaned from the scientific literature and web resources (for desert, grassland, and shrubland 
ERUs: Boyd and Bidwell 2001, Brooks and Pyke 2001, Scott and Burgan 2005, USDA FS 2012a) or (for 
woodland and forest ERUs) from FIA sample data and the carbon submodel of the Forest Vegetation 
Simulator (Weisz et al. 2010) – Fire and Fuels Extension (Rebain et al., 2015). Carbon stock totals for each 
ERU are derived by multiplying the current or forecasted total acreage in each seral state by the 
corresponding carbon coefficient, and summing across all seral states.   

It is worthwhile to consider changes in biomass carbon stocks in two ways. Looking at the percent change 
within an ERU reveals information about the degree of change within that ERU alone. However, ERUs vary 
greatly in their reference biomass carbon stocks, and a large percent change in one ERU may not translate 
to as many tons of carbon as a smaller percent change in another ERU. The impact of the percent change 
per ERU on overall biomass carbon stock levels also depends on the spatial extent of the ERU on the Gila 
NF. Looking at the tonnage of biomass carbon on its own reveals a clearer portrait of the actual amount 
of carbon stored in each ERU and accounts for spatial extent, but these figures on their own do not 
adequately reflect the degree of change within the ERU. The analyses shared here include both sets of 
figures. 

As demonstrated below, the current overall Gila NF biomass carbon stock is about 116% of that present in 
reference (historic) conditions in the Gila’s major ERUs, which translates to almost 14M tons over the 
historic 85.6M tons. While this increase suggests little percent change over reference conditions, a more 
complete picture can be drawn by looking at relative contributions from individual ERUs.   
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As illustrated in Table 108 and Figure 62, several of these changes are quite dramatic. Three woodland 
systems hold a third to 50% more carbon than in reference conditions. Two of the dry forest systems hold 
from 40% more to over double the carbon held by these systems in reference conditions. Conversely, the 
system with the most infrequent fire regime under reference conditions – Spruce Fir Forest (SFF) – holds 
less than half the carbon it would have historically.  

Carbon increases have occurred in all but five of the fourteen ERUs examined on the Gila NF. Carbon 
increases in the frequent-fire forest systems (PPE, PPF and MCD), the shrubland system (MMS) and three 
of the woodland systems (MPO, PJC and PJG) are presumably associated with land management patterns, 
including the decades-long policy of fire suppression, and limited harvest of trees in the most recent years 
and decades.  The reduction in biomass in two of the woodland systems (JUG and PJO) may be associated, 
at least in part, with historic chaining and other modifications that resulted in overstory removal. While 
wildfires are expected to occur only after long intervals in the infrequent fire forests, MCW and SFF, both 
of these systems have experienced large fires in recent years and biomass carbon stocks are presently 
lower than the average reference condition portrait. 

Table 108.  Biomass carbon stock per ERU in reference and current conditions.  
System 
Type ERU 

Reference Condition 
(tons) 

Current Condition 
(tons) 

Percent Departure from 
Reference Condition 

Grassland 
CPGB 263,460 497,290 89% 
MSG 412,498 1,216,784 195% 
SDG 172,312 149,076 -13% 

Shrubland MMS 2,929,457 4,287,219 46% 

Woodland 

JUG 1,664,786 1,158,639 -30% 
MPO 241,468 323,785 34% 
PJC 129,631 179,544 39% 
PJG 4,143,103 6,096,919 47% 
PJO 18,609,466 15,370,609 -17% 

Forest 

PPE 6,234,129 12,883,777 107% 
PPF 18,839,009 26,523,826 41% 

MCD 23,200,258 24,479,078 6% 
MCW 6,486,009 5,324,106 -18% 
SFF 2,278,489 1,053,616 -54% 

 Totals 85,604,075 99,544,268 16% 
Note: Shading in orange (warmer) indicates an increase in carbon stock, and shading in blue (cooler) indicates a reduction in 

carbon stock. In both cases, deeper hues reflect greater departure from reference conditions. 
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Figure 62.  Biomass carbon stock by ERU in current and reference conditions. 

Also of note is the considerable shift in biomass regimes of the grassland systems. Our results show an 
increase in biomass carbon from reference conditions in two of the three grassland systems due to 
encroachment of woody species, also likely attributable to fire suppression. Conversely, semi-desert 
grassland show a decline of nearly 13%; while this ecosystem too has experienced encroachment of woody 
species, this effect is overshadowed by the large reduction in extent of the carbon-rich, high ecological 
status grassland state. 

The largest reductions from reference conditions, in terms of tonnage, occur in PJO (over 3.2M tons below 
reference conditions), MCW (1.2M tons below reference) and SFF (at 1.2 tons below reference).  

Trends: Biomass Projections 
Many factors will influence future carbon stocks on the Gila NF, and this assessment is in no way a 
comprehensive accounting of all possible outcomes. Factors such as climate change, fire frequency and 
severity, and management budgets are all outside the control of Gila Forest managers, and as such, this 
assessment may be useful in conveying only general patterns and trends.  However, general ecosystem 
dynamics in southwestern systems are fairly well understood, and provide a good starting point for 
assessing trends in biomass carbon stocks.  Vegetation conditions on the Gila NF have been modeled into 
the future for most of its predominant ERUs using State and Transition Modeling (STM), including 
assumptions based on current management and disturbance patterns10.  This allows the projection of 
relative biomass carbon contributions through time for key ERUs (see a full description of process and 
methodology in Appendix B).  Using past observations of stand development dynamics and management 
applications for future projections is, admittedly, inherently problematic in light of projected climate 
changes.  

                                                      
10 Modeling was conducted by the Gila National Forest and Region 3 staff, October 2015 – March 2016. 
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Figure 63.  Trends in Carbon Stocks for Gila NF ERUs. 

Table 109. Projected Carbon Stocks for Major ERUs of the Gila NF 

ERU 
Current 

Condition (tons) 
Projected 

+100yrs (tons) 
Projected +100yrs  

% Change from Current 

CPGB 497,290 857,447 72% 

MSG 1,216,784 408,581 -66% 

SDG 149,076 149,837 1% 

MMS 4,287,219 4,270,530 -0.4% 
JUG 1,158,639 2,005,632 73% 

MPO 323,785 668,340 106% 

PJC 179,544 109,179 -39% 

PJG 6,096,919 6,770,931 11% 

PJO 15,370,609 18,743,390 22% 

PPE 12,883,777 14,361,608 11% 

PPF 26,523,826 31,469,048 19% 

MCD 24,479,078 28,788,781 18% 

MCW 5,324,106 5,989,276 12% 

SFF 1,053,616 1,965,124 87% 

Total 99,544,268 116,557,705 17% 

 
Figure 63 and Table 109 depict 100-year projections for primary Gila NF ERUs paired with current and 
reference condition biomass carbon stocks. These projections assume a continuation of current 
management, and are not reflective of changes in management that may emerge from the Gila’s ongoing 
effort to revise its land management plan.  However, these results do provide meaningful trend 
information regarding biomass carbon storage in the near future. The overarching pattern of biomass 
carbon stock projections on the Gila NF indicates an increase in total carbon storage above current 
conditions in most modeled ERUs, with an overall increase of 17% (just over 17M tons). The greatest 
proportional increases in biomass carbon stocks are predicted to occur in one grassland ERU (CPGB), two 
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woodland systems (JUG, MPO) and one infrequent-fire forest system (SFF) in which biomass has recently 
been greatly reduced by wildfires. Broader patterns exist, with increases occurring in all woodland ERUs 
but one (PJC), all frequent fire forest systems, and all infrequent fire systems. Exceptions, which display 
decreases in vegetation biomass carbon stocks, include MSG, PJC and to a slight degree, MMS.  

The greatest changes in the tons of biomass carbon held within an ERU are predicted to occur in the 
frequent fire forest systems, where 10.7M tons are expected to be added over the next 100 years. Over 
5.1M tons are expected to be added to biomass carbon stocks in the woodland ERUs over this period. 
While biomass carbon stocks are expected to recover greatly in the infrequent fire forest systems that have 
recently been heavily impacted by fire, in 100 years these two systems are still expected to hold 0.8M tons 
less carbon than in reference conditions. 

Carbon Emissions – Synthesis of Study by Vegh et al. (2013) 
Introduction 

For the Gila NF assessment, carbon emissions have been characterized below by using a case study 
synthesis from the Apache-Sitgreaves NFs (Vegh et al., 2013), relevant to forested ecosystems of the 
Southwest in terms of natural processes and common management activities.  The study provides a 
surrogate solution for emissions assessment in lieu of emissions data and analysis specific to the Gila NF. 

Background 
To date there has been no binding commitment by the federal government or USDA Forest Service for the 
regulation of carbon dioxide (CO2), though there has been increasing activity at state and regional levels 
to control carbon emissions to the atmosphere, prompting regulation, voluntary carbon exchanges, and 
carbon inventory and monitoring programs (Wiedinmyer and Neff 2007).  The USDA Forest Service 
Planning Rule directs forests to assess baseline carbon stocks as part of the forest planning process (36 
CFR 219.6(b)(4)), and though there are other carbon constituents released in wildfire and prescribed 
burning, CO2 is the primary carbon compound and primary greenhouse gas associated with fire emissions 
(Table 110). 

Table 110.  Proportion of constituents of wildfire emissions for both greenhouse gases (GHG) and 
carbon compounds (NRC 2004). 

Species Proportion GHG Proportion Carbon Constituents 

Carbon Dioxide  72.14% 90.82% 
Water  21.18%  

Carbon Monoxide 5.57% 7.02% 
Atmospheric particulate matter <2.5μ  

 0.60% 
Nitric Oxide  0.39%  

Methane 0.27% 0.34% 
Volatile Organic Compounds  0.24% 0.31% 
Organic Carbon  

 0.31% 
Non-methane Hydrocarbon  0.20% 0.25% 
Particulate Matter > 10μ  

 0.22% 
Particulate Matter <10μ and >2.5μ  

 0.11% 
Elemental Carbon    0.03% 

 100.00% 100.00% 

 

Though emissions by fire and other forest processes (e.g., methane from the decomposition of wood) have 
a relatively minor impact on carbon stocks and flux, atmosphere-based emissions are strongly impacted 
by biosphere-atmosphere carbon fluxes at regional scales, and represent the carbon component directly 
involved in the positive feedback of greenhouse gas forcing on climate change.  In a given year in the 
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Southwest, carbon emission from fire can exceed fossil fuel emissions at regional scales (Wiedinmyer and 
Neff 2007).  In their study of fire emissions, Wiedinmyer and Neff (2007) found that on average carbon 
emissions were 4–6% of the total anthropogenic emissions for the US.  In a separate study, Woodbury et 
al. (2007) estimated that 10% of total anthropogenic emissions in the US are captured by forest vegetation, 
to suggest that forests can sequester more carbon than they emit and become an offsetting solution for 
anthropogenic emissions.  The Intergovernmental Panel on Climate Change (IPCC) recognizes the potential 
for forest and woodland ecosystems, in particular, to perform climate change mitigation (IPCC 2007).  In 
assessing carbon dynamics and emissions in the Southwest, Hurteau and others (e.g., Hurteau et al. 2008, 
North et al. 2009, Hurteau and North 2010) went further and proposed that large releases of carbon to 
the atmosphere could be minimized by reducing stand densities.  Prior to the Apache-Sitgreaves NF study 
(presented below), it had been hypothesized, and shown through dynamical modeling and observation 
(Kobziar et al. 2009, Martinson and Omi 2013, Pollet and Omi 2002), that the reduction of stand densities 
precludes large pulses of wildfire emissions with a reduction in uncharacteristic fire, such as stand 
replacement fire in ponderosa pine forests.  Preliminary research indicates that the sustainable 
management of forests, along with careful consideration of byproducts and management residues, would 
not only balance forest carbon stocks but could also partially mitigate global climate change through 
increased carbon storage. 

Apache-Sitgreaves Study Overview 
Recent research on carbon dynamics and emissions related to various conventional forest management 
activities, focused specifically on the Apache-Sitgreaves (A-S) National Forests in eastern Arizona, provides 
surrogate information to guide National Forests of the Southwest in the assessment and management of 
carbon (Vegh et al. 2013), which we are using here in lieu of more specific analysis of carbon emissions. 

A key objective of the A-S study was to determine the long-term (100 years) difference in carbon stocks 
and carbon emissions between treated and untreated forest ecosystems.  While the study was focused on 
the Ponderosa Pine Forest ERU, the results can be abstracted to other forest and woodland ecosystem 
types for purposes of characterizing general trends among reference condition, no-action, and treatment 
scenarios, in terms of 1) fire carbon emissions, 2) total (live and dead) above-ground biomass, and 3) live 
above-ground biomass.  And while the Vegh et al. (2013) study did not consider the effects of forest 
restoration per se (sensu Region 3 desired conditions), they did evaluate the effects of reduced tree 
densities on carbon stocks and flux. 

Analysis 
In their study, Vegh et al. (2013) compare the effects of different management alternatives on overall 
carbon stocks and emissions.  They apply three management alternatives – no action, light thinning, heavy 
thinning – to determine the overall management effects on carbon sequestration and emissions flux.  The 
researchers used the Forest Vegetation Simulator (FVS) to model stand dynamics over a 100-year 
simulation and report outcomes for carbon stocks and emissions.  For annual treatment in the analysis 
simulation, all suitable stands on the A-S NFs were prioritized in order of the following conditions: 

1. Wildland Urban Interface (WUI) areas in high departure plant communities 
2. WUI areas in moderate departure plant communities 
3. non-WUI areas in high departure plant communities 
4. non-WUI areas in moderate departure plant communities 
5. WUI areas in low departure plant communities 
6. non-WUI areas in low departure plant communities 
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In all cases, “departure” is a measure of similarity between the current and reference (historic) vegetation 
structure, with high departure reflecting vegetation heavily altered from past structural conditions, and 
low departure indicating a distribution of structural states that are highly similar to those we would have 
expected pre-European settlement. In the FVS simulations, individual stands were further prioritized for 
treatment according to basal area (BA) and quadratic mean diameter (QMD), so that stands with the 
greatest stocking (i.e., BA) and the smallest trees (i.e., QMD) would be given highest priority for treatment. 

In their modeling, the investigators assumed conventional treatment scenarios and contemporary wildfire 
frequencies.  Stands with a preponderance of large trees over 16” in diameter were not included, due to 
some social constraints.  Carbon emissions were estimated for wildfires, prescribed burning, and pile 
burning.  In the simulations, all thinning harvests were followed by pile burning in the second year, and by 
broadcast burning in the tenth year.  The researchers also assumed that trees would regenerate 
successfully after burning. 

Findings and Discussion 
In their results, Vegh et al. (2013) reported that carbon emissions and stocks were affected by both 
management alternatives and wildfire frequency.  In the reporting, carbon stocks were divided into above-
ground live biomass and into total carbon occurring above- and below-ground, both live and dead.  The 
following results were generated from the 100-year model simulation: 

 The no-action alternative resulted in the lowest total carbon emissions since no treatments would 
occur under these alternatives.  The alternatives with management treatments produced 
approximately five times the total carbon emissions of the no-action alternative. 

 Carbon emissions by wildfire were lower in the treatment alternatives than in the no-action, and 
wildfire emissions were lowest in the alternative with the greatest degree of thinning.  Resulting 
wildfire emissions associated with the heavy thinning alternative were up to half the amount of 
emissions of the light thinning alternative, and about one third less than the no-action alternative. 

 Total carbon stocks (above- and below-ground, live and dead) were lower in the treatment 
alternatives than in the no-action alternative, due to thinning and the removal of live tree biomass, 
assuming similar wildfire frequency and severity as the last three decades (1980-2009).  The 
lowest carbon stocks were found in the heavy thinning alternative. 

 Carbon stocks for live above-ground biomass alone were highest in the treatment alternatives, 
particularly in the second half of the simulation due to the accumulation of carbon in large fire-
resistant trees. 

We might also conclude that at landscape scales, total above-ground carbon stocks would remain 
somewhat higher in the treatment scenarios than in the reference condition, because of the number of 
untreated plant communities and because of a lower overall fire frequency compared to reference (due 
to fire suppression activities and loss of fine fuels in some ecological systems). 

 
Soil Organic Carbon 
Soil organic carbon (SOC) is the energy source for soil organisms which, through their activity and 
interactions with mineral matter, impart the structure to soil that affects its stability and its capacity to 
provide water, air, and nutrients to plant roots. The amount and kind of soil organic carbon reflects and 
controls soil development and, ultimately, ecosystem productivity (Van Cleve and Powers 1995). 

Globally, SOC contains more than three times as much carbon as either the atmosphere or terrestrial 
vegetation (Schmidt et al. 2011). Forest soils are the largest active terrestrial carbon pool and account for 
34 percent of the global soil carbon (Buchholtz et al. 2013). Accurate quantification of SOC stocks is key to 
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modeling atmospheric CO2, soil productivity, and global climate. Soils represent a significant portion of the 
active carbon cycle, with estimates of organic C ranging from 1,500 to 2,000 Pg C, or roughly two thirds of 
the terrestrial organic C stocks (Rasmussen 2006). 

Attempts to characterize regional soil carbon stocks include both ecosystem- and soil taxa-based 
approaches. The ecosystem approach involves averaging soil C data within a specific plant community or 
biome and multiplying the average soil C content by the estimated biome land area (Rasmussen 2006). 
This approach does not account for soil spatial heterogeneity and results in large variability of soil C 
estimations within an ecosystem or biome. The soil taxa approach has been extensively described in the 
soil science literature (Rasmussen 2006) and includes segregating landscapes by soil taxa (instead of 
biomes) and using average taxa soil C and estimated land area to calculate soil C stocks. However a soil 
taxa as mapped may have more than one associated biome.   

The process used for the Gila NF soil C stock assessment involved the ecosystem-based approach through 
the aggregation of terrestrial ecological units (soil/vegetation/climate) into ecological response units (ERU) 
that represent the major potential natural vegetation communities on the Gila NF.   

Methods 
Soil organic carbon was calculated from multiple sources for this assessment. Soil pedons (basic units of 
soil classification) that were selected for physical and chemical characterization within the Gila National 
Forest Terrestrial Ecosystem Survey and forests within New Mexico (Cibola and Santa Fe NFs) were also 
used to establish average soil organic carbon reference values for Ecological Response Units (ERU). Soil 
organic carbon pedon data on the Gila NF were limited. The Cibola and Santa Fe NFs have soil organic 
carbon pedon data for similar soil taxa as found within Gila NF ERUs.  

The soil pedons chosen were representative for each ERU. Other kinds of soil may also occur within ERUs. 
Soil pedon data were also downloaded from the National Cooperative Soil Survey Characterization 
Database (NCSS 2016) that were within the Gila NF ERU context scale.  

Ecological Response Units at the Gila National Forest context scale were intersected with New Mexico and 
Arizona STASTGO2 data and the associated soil organic carbon 0-100 cm attribute table.  

Bulk density was calculated from representative values from known soil textures using the Soil Water 
Characteristics: Hydraulic Properties Calculator (Saxton et al. 2009).  

The Gila National Forest has a wide variety of soils that support many different terrestrial ecosystems. 
These soils have originated from igneous, sedimentary and metamorphic geologic sources and occur on a 
wide array of landforms. The differential weathering of soils by various climates and plant communities 
leads to the development of soil organic carbon. 

Current Conditions 

Considerable SOC variation exists between ERUs due to the variable numbers of soils sampled, the 
different kinds of soil taxa per ERU, and the scale for which map unit composition values represent both 
fine and coarse scales (Table 111).  Soil pedon data were not available for all soil taxa within each ERU. 

The Piñon Juniper Woodland, Ponderosa Pine Forest, Mixed Conifer Frequent Fire and Ponderosa Pine 
Evergreen Oak ERUs contribute significantly to the overall SOC stock for the Gila NF.  Collectively they 
account for approximately 77,106,878 tons of SOC or 69% of the SOC stock by land area (Figure 64). 
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Figure 64. Soil organic carbon (tons) for major Gila NF ERUs 

Average soil organic carbon stock for ecological sites (pedons) on upland ERUs of the Gila NF is generally 
greatest in the Montane Subalpine Grassland (61 tons/ac), Spruce Fir Forest (57 tons/ac) and Mixed 
Conifer with Aspen (56 tons/ac) (Figure 65). Although these ERUs have high average soil organic carbon 
(tons/ac) they account for relatively small land area within the Gila NF. 

Riparian systems are ecologically important on the Gila NF, but account for only 2% of the total land area.  
These Riparian ERUs all have very similar and relatively low average SOC (when compared to upland ERUs) 
ranging from 9 tons/ac to 13 tons/ac.  These ERUs account for 722,683 tons of SOC or less than 1% of the 
SOC stock by land area (Table 111). 
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Table 111. Soil Organic Carbon by ERU 

System Type Ecological Response Unit 
ERU 
Code 

ERU 
% of 
Gila 
NF 

SOC 
(tons/acre) 

SOC  
(tons) 

Riparian Desert Willow 130 0.35% 12.57 143,910  
Cottonwood Group 

    
 

Sycamore - Fremont Cottonwood 270 0.34% 12.68 140,407  
Fremont Cottonwood - Oak 170 0.003% 10.93 924  
Fremont Cottonwood / Shrub 180 0.10% 9.35 29,294  
Narrowleaf Cottonwood / Shrub 230 0.93% 9.75 301,510  
Walnut-Evergreen Tree Group 

    
 

Arizona Walnut 300 0.04% 10.92 15,591  
Little Walnut - Ponderosa Pine 370 0.01% 10.46 3,872  
Montane Conifer-Willow Group 

    
 

Ponderosa Pine / Willow 350 0.03% 10.05 8,902  
Arizona Alder - Willow 110 0.10% 9.34 31,853  
Willow - Thinleaf Alder 290 0.03% 9.58 10,382  
Upper Montane Conifer / Willow 280 0.02% 9.8 6,565 

  Herbaceous Wetland 190 0.10% 8.73 29,474 
Grassland Colorado Plateau / Great Basin Grassland CPGB 2.70% 37.05 3,304,098  

Semi-Desert Grassland SDG 1.70% 39.24 2,197,108 
  Montane / Subalpine Grassland MSG 3.50% 61.25 6,969,634 
Shrubland Mountain Mahogany Mixed Shrubland MMS 5.10% 27.18 4,525,386 
Woodland Juniper Grassland JUG 3.50% 35.27 4,034,949  

Piñon Juniper Grassland PJG 8.90% 21.44 6,254,320  
Madrean Piñon-Oak Woodland MPO 0.50% 29.22 507,352  
Piñon Juniper Evergreen Shrub PJC 0.30% 21.07 224,995 

  Piñon Juniper Woodland PJO 25.90% 26.85 22,780,141 
Forest Ponderosa Pine - Evergreen Oak PPE 11.60% 40.98 15,496,830  

Ponderosa Pine Forest PPF 19.30% 35.28 22,235,313  
Mixed Conifer w/ Aspen MCW 2.30% 55.99 4,147,144  
Mixed Conifer - Frequent Fire MCD 12.10% 41.95 16,594,593  
Spruce-Fir Forest SFF 0.70% 57.09 1,357,484 
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Figure 65. Average Soil Organic Carbon by ERU 

Trends 

The current trend of sustaining SOC is strongly influenced by growth and yield of vegetation inherent to 
the ERUs and by those activities that remove biomass from the soil surface; including climatic factors that 
provide temperature and moisture conditions for weathering and decomposition of above- and 
belowground biomass. Given the projection that biomass carbon will potentially increase into the future, 
it is logical to assume that SOC will remain the same or potentially increase under current rates of 
decomposition. Current Forest Service Southwestern Region soil quality technical guidance is to maintain 
surface coarse woody material in woodlands and forests to ensure microbial populations for nutrient 
cycling (Graham et al. 1994).  

The exception to this would be the Grassland and Shrubland ERUs where surface biomass has decreased 
due to consumptive harvesting by ungulates, erosion (wind and water) and other disturbances (e.g., fire). 

Summary and Conclusions 
Biomass 

Table 108 summarizes reference (historic) and current carbon conditions for ERUs of the Gila NF.  As one 
might expect, on an acre-for-acre basis the grassland ecosystems (SDG, MSG and CPGB) had the least 
biomass carbon concentration historically (about 3-4 tons/ac), while the infrequent fire forest systems had 
the greatest (88 and 96 tons/acre in MCW and SFF, respectively).  The remaining ERUs ranged from 12 to 
59 tons per acre, with forest ERUs having the greatest concentrations, followed by woodland and 
shrubland ERUs.   

Of all of the ERUs on the Gila NF, SFF has experienced the largest reduction from reference conditions in 
biomass carbon stocks. While stand replacing fire is to be expected in this system, across a large landscape 
there would have been stands that did not burn, and overall carbon stocks would remain high. On the Gila 
there are just under 24,000 acres of SFF and in the last several years nearly 100% of this ERU has been 
burned, or reburned  mostly (76%) at the moderate to high severity levels, resulting in over a 50% 
reduction in carbon stocks in this system. Model projections indicate recovery of this carbon stock in the 
future, with carbon stocks almost reaching reference condition levels after 100 years. Carbon stocks in the 
other infrequent fire forest system, MCW, also show a reduction from reference conditions, though far 
less dramatic. Carbon stock recovery after 100 years does not quite reach historic levels due primarily to 
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insect and disease driven mortality effects, and also due to more frequent wildfires than occurred in 
reference conditions. 

The greatest relative increases in current carbon stocks from reference conditions are observed in two of 
the three grassland systems (CPGB and MSG, with 89% and 195% increases in biomass carbon, 
respectively), and two of the three frequent fire forest systems (PPE and PPF, with 107% and 41% 
increases, respectively). In both cases, these increases are likely the result of a history of fire suppression 
that has resulted in high fuel loading in forests, and woody species encroachment into grasslands. 
Interestingly, carbon stocks in MCD, the remaining frequent fire forest system, are only 6% greater than 
those present under reference conditions. Carbon stocks within this ERU have been reduced because 
nearly 85% of it has burned or reburned in the last 20 years and at least a third of that was at the moderate 
to high severity level. Future predictions are for further increases in carbon stocks in all three frequent fire 
forest systems, and these ERUs continue to be the largest sources of biomass carbon stocks on the Gila. It 
is important to note that these models do not account for any future increases in fire frequency with 
increased fuel loading, and such a dynamic should be expected to reduce carbon stocks, perhaps strongly 
so.     

In the grassland systems, future predictions indicate a reduction in carbon stock in MSG, while the pattern 
of increased carbon in CPGB is expected to continue. The reduced future carbon stock in MSG is driven by 
thinning treatments targeted at restoring these areas to their historically open, meadow-like condition 
and also by insect and disease driven tree mortality. The current level of fuel treatments and prescribed 
fire are not expected to keep pace with woody species encroachment in CPGB, thus the continued increase 
in carbon stocks into the future. While compositional shifts are expected to continue in SDG, the overall 
biomass carbon stock level in this system is expected to remain fairly static. 

Carbon stocks have decreased from reference conditions in two woodland ERUs. In JUG this is a result of 
a shift toward early seral stages that hold less biomass than stages with larger trees. In PJO this is a result 
of a shift toward both earlier and more open seral stages than the more mature and closed canopy stages 
that would have dominated under reference conditions. In both systems, this pattern is expected to 
reverse in the modeled future, with biomass carbon stocks increasing toward reference condition levels.  

In the remaining three woodland systems (MPO, PJC, PJG), carbon stocks are greater than in reference 
conditions, likely due to a history of wildfire suppression. In all three of these ERUs there are presently 
more acres of larger, closed canopy, carbon-rich stands than would have existed in reference conditions. 
In MPO and PJG, models predict a continued shift further in this direction, resulting in a doubling of the 
carbon stock present in current conditions in MPO and an 11% increase in PJG. Conversely, in PJC we expect 
reductions in closed canopy stands due to prescribed fire, bringing carbon stock levels closer to those 
existing in reference conditions.  

Overall, current management appears to be moving the biomass carbon levels on the Gila’s ecological 
systems away from reference condition biomass carbon stock levels, though again, it is important to look 
at patterns within each ERU. Across the Gila, while the current biomass carbon stock levels are 16% greater 
than in reference conditions, the current management regime is projected to result in carbon stocks that 
exceed reference conditions by 36%. This will leave biomass carbon stocks at almost 31M tons greater 
than reference condition levels in 100 years.   

Carbon Emissions 

Similar to implications of biomass conditions and resource management, the research synthesis on carbon 
emissions convey significant trade-offs among potential carbons strategies.  Although the total carbon 
emissions were higher for the harvest alternatives in the study considered here (Vegh et al. 2013), thinning 
and fuels reduction did reveal lower wildfire emissions and reduced risk of uncharacteristic wildfire.  The 
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study also suggests that, in the long term, systematic thinning and burning ultimately lead to greater live 
above-ground sequestration.  It’s also important to keep in mind that the A-S is starting with 
uncharacteristically high levels of biomass on the heels of a century of fire suppression, and that strategies 
to maximize carbon sequestration and sustain carbon stores are not necessarily compatible (Hurteau and 
Wiedinmyer 2010).  The indirect goal of contemporary management goals is to reduce, at least in part, 
current carbon stocks to pre-settlement levels. 

In the future, the benefits to reduced emissions and increased carbon sequestration may be more 
pronounced.  First, because live trees continually sequester carbon and are a more stable carbon sink than 
dead biomass generated in particular by uncharacteristic fire, insect outbreaks, drought, and other stress, 
proactive management and broad-scale fuel reduction may be preferable for the long-term mitigation of 
atmospheric carbon.  Second, there is the related issue of trees regenerating poorly or not at all following 
uncharacteristic fire in some forest types (Savage and Mast 2005).  Others investigators (Dore et al. 2008) 
also show that poor regeneration may occur for many years following stand replacement fire in ponderosa 
pine forests, resulting in little carbon sequestration over that time and casting further doubt on the 
sustainability of a strategy that intends to maximize sequestration while indirectly promoting 
uncharacteristic fire and reduced ecosystem productivity (Hurteau and Wiedinmyer 2010). 

The A-S study by no means represents a comprehensive analysis of the carbon emissions involved with 
forest management scenarios.  A full accounting would include emissions involved in the harvest, transfer, 
and processing of any wood products, along with the sequestration and decomposition of those products 
and other forest residues, and the emissions involved with the associated energy consumption (Cameron 
et al. 2013).  Cameron and others (2013) determined, on a 100-year model simulation, that even with an 
industrial forestry theme that the ratio of storage to emissions was 0.58.  They also showed that if wood 
destined for paper and pulp was instead redirected to less lucrative biomass consumption that the storage 
ratio could increase substantially to 2.7. 

Also for consideration are the effects by increased CO2 levels on vegetation productivity and the potential 
for negative feedback by emissions on climate forcing.  Such a feedback loop would involve carbon 
emitting processes, increased CO2 levels and fertilization of the atmosphere, followed by an increase in 
vegetation production and increased carbon capture and sequestration (mitigation).  Some research 
indicates that vegetation productivity does increase with elevated CO2 levels, but productivity rates soon 
level off as other factors appear to compete with the growth benefits (Archer 2011, Penuelas et al. 2011). 

Finally, some have forwarded the notion of carbon carrying capacity as a potential foundation for carbon 
management plans (Keith et al. 2009, 2010; Hurteau et al. 2010).  Carbon carrying capacity is the maximum 
amount of above-ground carbon that can be sustainably stored, according to climatic conditions and the 
disturbance regime of a system.  Carbon carrying capacity may be a useful consideration for optimizing 
carbon stocks according to the inherent capabilities and processes of a given ecosystem. 

Soil Organic Carbon 

While most woodland and forest ERUs will maintain biomass carbon in support of SOC for the future, the 
continued loss or displacement (patchiness) of grassland and shrublands surface biomass could result in 
slower and diminished contributions to SOC stocks, and influence long-term soil productivity. Ecological 
response units where existing soil conditions that are rated impaired or unsatisfactory, due to the lack of 
surface litter, are most susceptible to continued reductions of SOC over time. Soil conditions that are rated 
satisfactory will continue to maintain SOC values and a loss of long-term soil productivity is unlikely.  

The effects of climate change on the decomposition rates and stability of SOC are currently being 
researched (Davidson and Janssens 2006). 
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Chapter 4. Soil 
Introduction 
Soil is a complex and dynamic system that consists of a mineral component, organic matter, air, water and 
living soil organisms. It is formed over time by interactions between climate, parent material, topography, 
and organisms, both above and below ground. Due to the slow rate of formation in the arid Southwestern 
climate, soils are essentially a non-renewable resource (USDA FS 1986a).  

Key ecosystem characteristics of the soil resource include those that determine the capacity of soil to 
function within ecosystem boundaries to sustain biological productivity, maintain environmental quality 
and promote plant and animal health (Doran and Parkin 1994).  This analysis describes upland soil diversity 
and distribution on the Gila NF and evaluates three key characteristics: 

 Ecological status (canopy cover by species) 

 Soil loss  

 Soil condition  

The subsections that follow include: 

 Ecosystem services of soils 

 Data 

 Analysis methods  

 System drivers and stressors 

 Soil diversity and distribution 

 Analysis of key ecosystem characteristics 

 Risk assessment 

 Stakeholder input received 

 Summary  

Riparian soils are analyzed in Chapter 7: Riparian. Assumptions, limitations and uncertainty associated 
with this analysis are disclosed in the Analysis Methods section and discussed in greater detail where 
relevant in this chapter. 

Ecosystem Services of Soils 
Soil provides many ecosystem services but is often overlooked and undervalued (Bridges and Van Baren 
1997; Comerford et al. 2013). It provides provisioning services in the form of construction, landscaping 
and industrial materials. Many important medicines, such as penicillin and other antibiotics, are produced 
by soil microorganisms. The activities of soil microorganisms are also the primary means by which 
nitrogen, a necessary nutrient, is made available to plants. Soil provides supporting ecosystem services as 
it is the primary medium for plant growth and provides habitat for micro and macro soil organisms. A 
single handful of soil can contain more biodiversity than an entire forest.  

Regulating services provided by the soil resource include cycling of nutrients, water and energy. It 
contributes to global regulation of greenhouse gases including carbon dioxide which is stored as soil 
organic carbon. It regulates water storage and release, water filtration and purification, and provides for 
erosion control and sediment retention. Soil also provides thermal regulation, absorbing heat energy when 
temperatures are high, and releasing it when temperatures are cool. Soil microorganism provide for 
biological control of crop pests and bioremediation of contaminants. Soil is the land that provides 



Chapter 4. Soil 

 
Gila National Forest Assessment Report – Final  158 

economic, recreation, education, research and personal enrichment opportunities and as such, provides 
many cultural ecosystem services. 

Data 
Terrestrial Ecological Unit Inventory 

The Terrestrial Ecological Unit Inventory (TEUI), previously referred to as the Terrestrial Ecosystem Survey, 
maps relationships between climate, geographic location, geology, geomorphology, aspect, slope, soil and 
vegetation at the scale of a standard United States Geological Survey (USGS) map.11 The TEUI classifies 
ecological types and maps ecological units to interpret both site potential and current ecosystem 
characteristics. The conditions under site potential are those that exist at the latest successional stage, or 
steady-stable-state as reflected by stable, diverse and functioning climate-soil-vegetation systems.  

The Gila NF’s draft TEUI, which includes data from several surveys completed at the project level, is the 
primary dataset for this analysis. Completed surveys provide statistical summaries of survey data and 
management interpretations,12 including those equivalent to key characteristics analyzed for the 
assessment. Due to draft status of the Gila NF’s TEUI, updates to interpretation protocol currently in 
progress, and differences in the summary process,13 interpretations developed for the final TEUI may or 
may not produce the same results as this assessment.  

Analysis Methods  
The TEUI mapping process includes three general types of documentation: observations, transects, and 
ecological site descriptions. Observations and transects are the least intensive form of documentation and 
are used to develop quantitative descriptions of characteristics defining site potential for a given map unit. 
In the process of gathering data, conditions that represent site potential, and those that represent other 
successional states are documented. Ecological site descriptions are the most intensive form of sampling 
and are used to document site potential, once it has been defined through observations and transects. In 
this analysis, representative14 observations and transects are used to describe current conditions and 
ecological site descriptions are used as a contemporary reference condition.  

There are multiple TEUI units in each ERU. Departure is assessed at the TEUI level using a similarity analysis 
(Czekanowski 1913 as cited in Kent and Coker 1992) to describe variability in conditions within each ERU. 
Departure is simply the inverse of similarity. The TEUI unit departure rating that represents the largest 
percentage of the ERU area is used as a single departure rating for each ERU.  

Because TEUI data are point in time measurements of representativeness, not repeat measurements, 
trends cannot be identified. Monitoring data collected using methods and measures compatible with TEUI 
would be required to assess trend.  

Not all TEUI units contain the same number of observations, transects and ecological site descriptions. 
There is less uncertainty associated with larger datasets and greater uncertainty associated with smaller 
datasets. Spruce-Fir Forest, Madrean Piñon-Oak Woodland, PJ Evergreen Shrub and Mountain Mahogany 
                                                      
11 The scale of a standard USGS map is 1:24,000 meaning that one inch on the map equals just under 0.4 miles on the ground. 
12 Interpretations are “predictions of soil behavior for specified land uses and specified land management practices. They are 
based on soil properties that directly influence the specified use of the soil” (USDA NRCS 2005). 
13 This assessment is driven by the data contained in each map unit, rather than by the draft map unit legend which will change 
as more data is collected and map unit concepts are refined. Only the major component, or ecological type in each TEUI map unit 
is used in this assessment unless other components represent limitations, or lack thereof. Soil depth, clay content and particle 
size class were the basis for determining limitations, or lack thereof. The 2012 Planning Rule does not require modification of 
datasets or statistical analysis. Furthermore, a more statistical summary of the draft dataset is prohibited by the size and condition 
of the dataset and assessment timeframes.  
14 See previous footnote. 



Chapter 4. Soil 

 
Gila National Forest Assessment Report – Final  159 

Mixed Shrubland are associated with smaller datasets. However, there is low uncertainty associated with 
the Spruce-Fir Forest analyses because of the large extent of stand replacement fire that this ERU has 
experienced. Assumptions can be and are made about the status of key ecosystem characteristics within 
areas of recent high and moderate burn severities as described below. There is low uncertainty associated 
with these assumptions because of both formal and informal post-fire monitoring. Additionally, it is 
possible that ERUs with the highest actual departure from historic conditions can demonstrate a low 
analysis departure due to the inability to find reference sites that still represent historic conditions.  

Ecological Status  
Current conditions resulting from high and moderate burn severity that are not captured in the TEUI 
dataset are accounted for by scaling the degree of departure from the date of the burn to established 
values for recovery time. With respect to ecological status in forested systems, time scales were taken 
from literature produced by the Nature Conservancy (Smith 2006a, 2006b, 2006c, 2006d). Limited 
information to set a time scale from stand replacement fire to recovery of pre-fire shrub species and 
canopy cover exists for Mountain Mahogany Mixed Shrubland. Due to the relatively small proportion of 
acres burned at high and moderate severity each year in this ERU, the analysis was not sensitive to the 
time scale used. Any length of time produced the same departure and trend results as discussed below. 
No adjustments were made for those ERUs with high and moderate severities over less than five percent 
of their area. Acres that were seeded and seeded/mulched for emergency stabilization, as described in 
the fire discussion in Chapter 9: System Drivers and Stressors, were scaled to a time frame five years 
shorter than the literature values based on formal and informal BAER monitoring. 

As applied to the ecological status characteristic, departure is categorized at the TEUI unit level using the 
following thresholds: 

 0-33% Departure = Low 

 34-66% Departure = Moderate 

 67-100% Departure = High 

Soil Loss  
A certain amount of soil loss occurs as a natural geologic process, even under reference conditions. This is 
referred to as the baseline, minimum or natural rate of soil loss (NSL). Some amount of soil loss greater 
than the minimum rate can occur without impairing natural soil productivity. This rate varies by soil and 
ecological system. The reference condition for soil loss is based on the assumption that soil loss rates 
would have been below some threshold in most places on the Gila NF. Under previous modeling protocol, 
this rate was described as a tolerance rate (TSL). However, this protocol is not compatible with the model 
used in this analysis.  

Annual soil loss rates are predicted from the Rangeland Hydrology and Erosion Model (RHEM) v2.3, 
developed by the Agricultural Research Station. This model is in the public domain and available at 
http://apps.tucson.ars.ag.gov/rhem. In the past, the only available soil loss models were based on 
cropland data. The RHEM model is based on rangeland data and is the most current, accepted model for 
use in rangeland and forest systems by the Southwestern Region. Instead of a TSL rate, a Threshold rate is 
determined using the RHEM (v2.3) risk function. Departure is not categorized as low, moderate or high. 
The Regional soil condition guidance discussed in the next subsection, differentiates the modeled soil loss 
indicator of soil stability function between condition categories based on whether or not CSL exceeds TSL. 
As applied to departure, this means departure either exists or it does not. Where they are below the 
Threshold rate, departure is low for that TEUI unit. Where CSL rates exceed the Threshold rate, departure 
from the reference is categorized as significant for that TEUI unit. ERU departure is determined by applying 
the same 33 percent threshold as is used in the assessment of vegetation related characteristics. If more 

http://apps.tucson.ars.ag.gov/rhem
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than 33 percent of the ERU area is represented by TEUI units in significant departure, than departure is 
significant for that ERU.  

CSL rates are those occurring under vegetative canopy and groundcover conditions as documented by 
TEUI observation and transect data and NSL by ecological site descriptions. ERU acres burned at high and 
moderate severities are not represented by modeled data. It is assumed that CSL rates exceed the NSL and 
Threshold rates on these acreages for five years post-fire. This assumption is based on soil loss modeling 
for BAER assessments, and formal and informal post-fire monitoring.  

The RHEM model is only capable of modeling sheet and rill erosion. Therefore, gully and wind erosion are 
not considered. The processes involved in gully erosion are more like stream channel processes, and while 
there may be some capable watershed models, it is beyond the scope of this assessment. Gully erosion is 
considered qualitatively based on notes that accompany the TEUI documentation and on the ground 
knowledge but is not used to assess soil loss, rather it is accounted for in the soil condition assessment.  

Wind erosion is generally considered a larger issue in cropland systems than in forest and rangeland 
systems. Currently, no wind erosion models developed from forest or rangeland data are available. 
Although Chapter 5: Air does include quantitative data on particulate matter, it cannot be used to estimate 
wind erosion on the Forest as the origins of that particulate matter cannot be traced to a specific area of 
land.  

The value in modeling soil loss, or anything for that matter, is not to arrive at an absolutely correct number 
or answer. It is the relative difference between management scenarios that is important. 

Soil Condition 
Soil condition is an evaluation of soil quality based on an interpretation of factors that affect vital soil 
functions. Soil quality is the capacity of soil to function within ecosystem boundaries to sustain biological 
productivity, maintain environmental quality and promote plant and animal health (Doran and Parkin 
1994). It is interpreted here using the USDA Forest Service Southwestern Regional guidance (USDA FS 
2012b). The interpretation rates soils as they exist currently and reflects the effects of management 
(historic and current) and disturbance history. Condition assessed is based on three soil functions: the 
ability of soil to capture, store and release water (hydrologic function); to resist erosion (stability function); 
and to recycle nutrients (nutrient cycling function). The TEUI documentation, and the ecological status, 
and soil loss results are used to assess these functions. Soil condition categories are: satisfactory, impaired, 
and unsatisfactory (USDA FS 2012b).  

The status of the stability function was determined using modeled soil loss rates, documentation of visible 
sheet, rill and gully erosion in the TEUI data and vegetative groundcover summary prepared for the soil 
loss analysis. The status of the nutrient cycling function was determined using the results of the ecological 
status results and the TEUI vegetative groundcover data summarized for soil loss modeling. Because 
hydrologic function influences the volume of soil in which nutrient cycling may take place, as well as the 
types and rates of reactions that can occur, it was also a consideration in determining nutrient cycling 
status.  

The determination of hydrologic function status relied on documentation of soil surface structure, 
crusting, compaction and the stability and nutrient cycling status. Soil stability is required for hydrologic 
function and soil loss may expose subsurface layers that have different hydrologic properties than the 
naturally occurring topsoil.  

The soil condition interpretation also assumed that any TEUI unit in a zootic disclimax state, could not be 
in satisfactory condition. Zootic disclimax states can occur under sustained or periodic use of vegetation 
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by wild or domestic animals. Under such conditions vegetation can depart markedly in the structure and 
composition of the natural vegetation community under late seral “climax” conditions (USDA FS 1986a).  

Prior to European settlement, soil loss, hydrologic function and nutrient cycling would probably have been 
within functional limits for most soils that are not naturally unstable. Exceptions would have occurred 
during periods of drought and possibly localized areas impacted Native American populations and 
herbivory by native species. Natural fire disturbance would have had a limited effect on the extent of soil 
loss, only causing accelerated erosion in localized areas where total consumption of vegetative canopy and 
groundcover occurred. Most areas that are currently rated impaired or unsatisfactory for soil condition 
would probably have been rated satisfactory. The reference condition is “satisfactory” and is represented 
by the ecological site description documentation with current conditions described by observations and 
transects. Impaired and unsatisfactory ratings are associated with moderate and high departure ratings 
respectively. 

The satisfactory rating indicates that soil function is being sustained within ecosystem boundaries and the 
ability of the soil to maintain resource values and sustain outputs is high. An impaired rating indicates a 
reduction of soil function, a reduced capacity to maintain resource values and sustain outputs, and an 
increased vulnerability to degradation. It should signal further investigation to determine causes and 
degrees of decline in soil function. Such investigations may identify a need for change in management 
(USDA FS 2012b), whether in project level work, or Forest scale planning such as the case here. The 
unsatisfactory rating indicates a loss of soil function has occurred and that degradation of vital soil 
functions is such that the soil is unable to maintain resource values, sustain outputs and recover from 
impacts. Soils rated in the unsatisfactory category signify a need for improved management practices or 
restoration designed to recover soil functions (USDA FS 2012b).  

Previous soil condition protocols considered only the soil stability function when determining soil 
condition, with categories of satisfactory, unsatisfactory and unsuited. The unsuited category was reserved 
for soils that are naturally unstable.15 

Soil System Drivers and Stressors 
Primary system drivers for all soil characteristics are climate, topography, parent material, biota (living 
organisms), and time. These are known as the five soil forming factors. Patterns in precipitation, 
temperature and wind influence the potential natural vegetation community, natural rates of soil 
formation and soil loss. The canopy and ground cover provided by the vegetation community and the 
timing, duration and intensity of precipitation and wind events greatly influence the ability of the soil to 
resist erosion. The vegetation community, including its composition and structure, determine the types 
and rates of organic matter contributions to the soil. Water availability and temperature largely determine 
the types and rates of physical and chemical weathering processes and the biological reactions involved 
in decomposition and nutrient cycling. Both of these factors are important determiners in the natural 
fertility and productive capacity of the soil. Climate change, including increased frequency and severity of 
drought conditions (IPCC 2007; Seager et al. 2007) is a stressor that is expected to have cascading effects. 
The predominant climate regime and climate change are characterized and discussed in Chapter 9: System 
Drivers and Stressors.  

Topography is a system driver in its influence on climate, vegetation and natural soil stability. Erosional and 
depositional areas are defined by the position they occupy on the landscape and the steepness of slope. 

                                                      
15 Unsuited was defined as those soils where NSL rate is greater than the Threshold soil loss rate. In other words, the geologic 
rate of soil loss is greater than the rate of soil formation. The RHEM model automatically identifies the lowest soil loss rate as the 
NSL (RHEM calls it “baseline”), which means that all other scenarios (current or otherwise) will be represented by a soil loss rate 
greater than NSL. Soil loss modeling with RHEM cannot serve as the basis on which to identify naturally unstable soils. 
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The steepness of slope also influences the lateral movement and redistribution of soil water. Regardless 
of elevation, differences in solar radiation between north and south facing slopes influences temperature 
and moisture regimes that control the rate of weathering and soil formation, and influence vegetative 
composition, productivity and the accumulation of soil organic matter. North facing slopes tend to be 
cooler and wetter than south facing slopes, which is reflected in both the degree of soil development and 
vegetation patterns across the Forest. At the lower elevational ranges of a given vegetation community, 
that community may only be found on north facing slopes, where at the upper end of its elevational range 
it may only occur on south facing slopes.  

The term “parent material” describes both the primary origin of the matter from which soil is formed, 
either geologic or organic, and its last mode of transport. Parent materials on the Gila NF are geologic in 
nature and are dominated by volcanic and sedimentary rock types. Modes of transportation include 
flowing water, wind and gravity and those materials are referred to as alluvium, eolian and colluvium 
respectively. Lake deposits, such as those in the Buckhorn, NM area, are referred to as lacustrine, however 
soils formed from these lake deposits occur on a very limited extent on the Forest. If the material was not 
transported after its original deposition, it is referred to as residuum.  

Parent material is a system driver in that the physical structure and chemical composition of the rock are 
largely responsible for the physical and chemical properties of the resulting soil. It is the combination of 
climate and these soil properties that ultimately determines the potential natural vegetation community. 

For example, within the elevational-climatic gradient of woodlands on the Forest, the dominance of Emory 
oak a good indicator of soils formed from granite, while silver leaf oak tends to be more prevalent on soils 
formed from rhyolitic ash tuff.  

In general, soils across the Forest formed from basalt or andesite are relatively stable and productive due 
to the types and amounts of clay minerals formed from weathering. Soils formed from basalt or andesite 
residuum or colluvium tend to be more stable than those formed from alluvium. Limestone also typically 
produces relatively productive and stable soils. 

Datil soils, or those formed from volcanic sediment, can be productive, but are highly erodible if vegetative 
groundcover is not maintained. These soils are located in the northwestern portion of the Forest, primarily 
west of Highway 180 from the northern Forest boundary south to the Pueblo Park area. Soils formed from 
granite are primarily found in the Burro Mountains area. These soils have moderate productivity potentials 
and can also be very erodible if vegetative groundcover is not maintained. Sandstone and shale soils have 
similar tendencies.  

Soils derived from Gila conglomerate, and other conglomerates are highly variable in their productivity 
depending on their composition, and generally tend to be very erodible, as do most soils derived from 
rhyolite. The Kneeling Nun rhyolite in the southern portion of the Forest is very productive and more stable 
than other rhyolites. Differences in the productivity and stability of soils derived from rhyolite are due to 
the age of the geologic formation, and hence the time over which weathering has occurred, and 
concentrations of potassium and calcium bearing minerals that make up the rock. Rhyolitic ash tuff soils 
tend to have lower productivity potentials and are highly erosive.  

There is a high specificity between plant species and species of soil microorganisms, meaning that the 
relationships are often, but not always exclusive. This is important because soil microorganisms are 
responsible for the majority of nutrient cycling. As a general principle, the greater the above ground 
diversity, the greater the below ground diversity which leads to a wider range of nutrient pathways under 
a wider range of climatic conditions, and ultimately a more productive soil. Soil microorganisms have been 
linked not only to vegetative diversity, but also patterns of seedling establishment and interplant 
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competition (Simard and Durall 2004). Biota other than microorganisms are important both as agents of 
natural disturbance and as contributors to the soil nutrient pool. The discussion of natural vegetation 
succession, in the Chapter 9: System Drivers and Stressors, also applies to biota as a soil system driver.  

Renewable resources are commonly defined as those that can be replenished or replaced within a single 
human life span. It has been estimated that in the Southwestern climate, the time it takes for an inch of 
soil to form under natural conditions can vary between 300 and 1,000 years (USDA FS 1986a). While 
vegetative groundcover, soil condition and ecological status can change within a single human lifespan, 
the loss of productivity potential and alteration of hydrologic function that accompanies soil loss cannot 
be renewed in that same time period. 

As described in Chapter 9: System Drivers and Stressors, fire, ungulate grazing, insects and disease, mineral 
resource extraction, roads and trails, terrestrial invasive species and mechanical vegetation manipulation 
are all disturbance regimes that impact the soil resource. Those impacts are described in detail in that 
chapter. A summary is provided here.  

Fire, ungulate grazing and insects and disease can be both soil system drivers and stressors. They are 
drivers when they are within the magnitude, extent and frequency of the Natural Range of Variation (NRV). 
When they are outside NRV, they are stressors. At present, insects and disease remain a system driver but 
are predicted to become a stressor as climate change progresses, potentially impacting ecological status 
and increasing the risk of high and moderate burn severities. Fire is both a primary system driver and 
stressor, and is expected to remain so into the future. When fire frequency and severity are with NRV, it 
serves to mitigate large scale negative effects to the soil resource that occur as a result of large extents of 
high and moderate burn severities. Ungulate grazing is a potential system stressor that has varied in 
significance after the arrival of Europeans. The legacy of historic overgrazing by livestock prior to current 
management remains evident in terms of ecological status departure, and in some cases altered 
hydrologic function, nutrient cycling status and gully erosion. Under the NRV approach recommended in 
the 2012 Planning Rule and directives, the continued presence of livestock under current management is 
still a stressor, but impacts are substantially less than historic management. Nevertheless, because time is 
a primary system driver the effects of historic and current management are cumulative.  

Mineral resource extraction, roads and trails, invasive species and mechanical vegetation manipulation are 
all soil system stressors to varying degrees. Roads and trails currently have the greatest impact, primarily 
due to lack of maintenance but soil type, gradient and in some cases road density can contribute to that 
impact. Mineral resource extraction and terrestrial invasive species have small, localized impacts on Gila 
NF soil resources at this time. Invasive species have the potential to become a greater stressor as climate 
change progresses. Mechanical vegetation manipulation also has a large impact on soil characteristics 
when and where it occurs, depending on a variety of factors including but not limited to: soil clay and 
moisture content, temperature and time between entries for treatment. Slope restrictions and other 
measures or methods designed to reduce impacts to the soil resource and protect water quality are 
recommended and implemented at the project level. Currently, the extent and frequency at which these 
manipulations occur are relatively limited but could foreseeably increase with continued emphasis on 
landscape scale restoration. 

Soil Diversity and Distribution 
The Gila NF lies within the Mogollon-Datil section of the Colorado Plateau and the Mexican Highland 
section of the Basin and Range physiographic provinces. Physiographic provinces are land areas 
characterized by their prominent landscape features, topography, geology and related processes 
(Fenneman and Johnson 1946), all of which influence soil diversity and distribution.  
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The Colorado Plateau Mogollon-Datil section is a transition zone in and of itself, as geologic structure and 
topography begins to change between those that define the Colorado Plateau north of the Mogollon Rim 
and the Basin and Range to the south. It is characterized by volcanic fields of various ages, lava flow 
plateaus, rugged uplifted mountain ranges and ancient lake bed sediments. Mesas and buttes formed from 
sedimentary materials and capped by lava flows also occur and can indicate areas prone to mass wasting.  

The Basin and Range Mexican Highland section is characterized by broad depositional basins and the 
north-northwestern trending, relatively narrow mountain ranges. Playa lakes, where salts and clays 
accumulate, are often formed in lowland areas. These lowlands are influenced by the higher elevation 
Chihuahuan desert, where precipitation occurs more often during the summer, or the lower elevation 
Sonoran desert where precipitation occurs during both summer and winter months. These sometimes 
isolated mountain ranges produce abrupt changes in elevation, greatly influence jetstream flow patterns, 
and produce diverse climatic regions with highly variable rates of soil formation. 

As the Forest is within a transitional zone between these physiographic provinces, it contains remnant 
volcanoes and calderas, high sedimentary plateaus capped with basaltic or andesitic lava flows, contiguous 
and isolated uplifted mountains made of volcanic, sedimentary and metamorphic rock, and valleys created 
by lowering of the land surface due to faults along the adjacent mountains. All of these features are 
dissected by ephemeral, intermittent and perennial streams.  

Elevations in the southern portion of the Forest are generally higher than those found in the typical 
Chihuahuan deserts and Madrean woodlands, but is still influenced by the regional weather patterns and 
floristics of both of these systems. The Chihuahuan influence is more prominent and is strongest along the 
south and east of the Forest boundary. The Sonoran influence is greatest in the Burro Mountains and along 
southwestern side of the Forest.  

Soil classification uses a taxonomic structure similar to that used in biotic taxonomy. This system is 
described in Table 112 and followed by a summary of the major types of soils found on the Forest. 

Table 112. Comparison of soil and biotic taxonomic classifications 
Soil Taxonomy Biotic Taxonomy 

Order Kingdom 
Suborder Phylum 

Great Group Class 
Subgroup Order 

Family Family 
Series Genus 
Phase Species 

Of the twelve soil orders, six have been mapped on the Gila NF: Mollisols, Alfisols, Vertisols, Andisols 
Entisols and Inceptisols. Andisols are not prevalent.  

Mollisols have a dark-colored surface layer, are relatively high in organic matter and are highly fertile. 
Globally, this soil order occupies seven percent of the total ice-free land area (Brady and Weil 2008). These 
soils were first described in the grassland steppes of Russia and are frequently the dominant soils in 
grassland systems. This has contributed to the misconception that the occurrence of these soils is limited 
to grasslands. While there are soil indicators of historic grasslands,16 soil order is not one of them. Mollisols 
can and do occur in other ecological types. In fact, they are found in every ERU, on most landforms and all 

                                                      
16 Phytoliths are very small particles of precipitated silica that accumulate in plants. Their assemblages in the soil are particular 
to the plant communities they formed in and can be used to identify historic grasslands (Fisher et al. 1995). 
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parent materials except recent alluvium, and slopes ranging from zero to 80 percent across the Forest. 
They account for approximately 85 percent of the Forest. 

Alfisols are also fertile soils, but less so than Mollisols. They typically develop in woodland or forest 
ecological types, but are known to occur in grassland systems on the Forest. Globally, Alfisols occupy about 
10 percent of the total ice-free land area (Brady and Weil 2008). Alfisols are the second most common soil 
on the Forest. They occur on most ERUs but are more often found in the Mixed Conifer with Aspen, 
Ponderosa Pine Evergreen Oak, Ponderosa Pine Forest and Mountain Mahogany Mixed Shrubland on all 
landforms with slopes ranging from zero to 80 percent. They primarily form on rhyolite and tuff, but have 
been documented on alluvium, granite and basalt. They account for approximately six percent of the 
Forest. 

Vertisols contain high amounts of clay minerals that visibly shrink and swell with changes in moisture. The 
shrink-swell properties of these soils often result in high amounts of surface rock as over time the churning 
action pushes subsurface rock upward. It is a common misconception that Vertisols are not productive 
soils. Vertisols and Mollisols with vertic properties, also referred to as vertic intergrades, are naturally 
fertile and productive soils. Productivity ranges from moderate to high, depending on the amount of 
surface and near surface rock fragments. Clayey soils such as these generally have high load bearing 
capacity (strength) when dry, but become increasingly susceptible to compaction with increasing moisture 
content because of their high cohesion and plasticity. Compaction reduces the volume of pore space 
available for the movement of air and water, increases bulk density and changes soil structure. When 
compacted, these soils have low productivity. Freeze-thaw action is a natural mechanism that can loosen 
or break-up compaction over time. True Vertisols are the least common of the five dominant soil orders 
on the Forest. They generally form on basalts or basaltic conglomerate on valley or elevated plains and 
mesas with slopes ranging from zero to 15 percent. They have been documented in the Colorado Plateau-
Great Basin Grassland, Juniper Grass and PJ Grass. True Vertisols account for approximately one percent 
of the Forest. Vertic intergrades are included in the Mollisol percent of the Forest. 

Entisols are relatively young soils with little to no subsurface development. These soils form in landscape 
positions where the parent material has not been in place long enough for soil-forming processes to create 
distinctive soil layers such as floodplains, alluvial fans or stream terraces. In general, these soils exist in 
setting where erosion or deposition is happening faster than the rate of soil formation. Globally, Entisols 
occupy 16 percent of the total ice-free area. Soil productivity ranges from very high to very low. Entisols 
may have very high productivity when formed in recent alluvium where topography is nearly level, there 
is a close proximity to water and periodic nutrient replenishment occurs with deposition of floodwater 
sediments. These Entisols are common in the Forest’s riparian areas. Entisols are likely to have very low 
productivity if formed in shifting sand or on steep rocky slopes (Brady and Weil 2008). Most of the Entisols 
on the Forest occur along valley bottoms in riparian ERUs, although they are found on rhyolite in the 
Madrean Piñon-Oak Woodland and on steep mountain slopes in Mixed Conifer with Aspen. They account 
for approximately two percent of the Forest. 

Inceptisols are more developed than Entisols but typically lack significant clay accumulations in the subsoil. 
They generally occur on relatively young landforms that are stable enough to allow for soil development. 
Globally, Inceptisols occupy 17 percent of the total ice-free land area (Brady and Weil 2008). The natural 
productivity of Inceptisols varies widely depending on clay and organic matter content. They are found 
primarily on rhyolite parent material in the forest ERUs. They are occasionally found on rhyolite in Madrean 
Piñon-Oak Woodland, and on alluvium in the Juniper Grass and Colorado Plateau-Great Basin Grassland. 
They account for approximately seven percent of the Forest. 

Across the Gila NF, soils have predominantly dry moisture regimes and mild temperature regimes at the 
lower elevations and humid to sub-humid moisture regimes and cold temperature regimes at the higher 
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elevations.17  Soils range from fine (< 35 percent clay) to loamy, and skeletal (>35 percent rock fragments) 
to non-skeletal in nature. They occur on slopes ranging from 0-80 percent, with flat and vertical rock 
outcrops present in some areas. Soil texture varies with parent material.  

Soil productivity is highly variable across the Forest depending on many factors including, but not limited 
to: soil climate, soil depth, stability, hydrologic function, nutrient cycling, soil biology, soil-water holding 
capacity, filtering and buffering capacities and the nature of the parent material. 

Analysis of Key Characteristics 
As previously stated, the three key ecosystem characteristics analyzed for soils include ecological status, 
soil loss and soil condition. This section includes a subheading for each of these characteristics and 
includes a discussion of its importance to ecosystem integrity, reference and current conditions as 
described by the TEUI data, and factors contributing to departure from the reference condition.  

Ecological Status 
Ecological status is a vegetative characteristic that describes canopy cover by species. It is relevant to the 
assessment of soil resources for two reasons. First, regardless of species, canopy cover is an important 
factor in soil stability as it intercepts raindrops and reduces the impact energies responsible for soil particle 
detachment. Second, as described in the soil system drivers and stressors subsection, above and below 
ground biodiversity are directly related. Therefore, ecological status is an indicator of nutrient cycling 
status (USDA FS 2012b). The following figure illustrates the variability in conditions across each ERU based 
on the TEUI data as described under Analysis Methods. 

 
Figure 66. Area weighted ecological status departure ratings across the Gila NF’s upland ERUs 

                                                      
17 For a complete explanation of soil temperature and moisture regimes, see Keys to Soil Taxonomy, (Soil Survey Staff 2014). 
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With most of its area represented by TEUI units in low departure, Ponderosa Pine Evergreen Oak is 
considered to be in low departure overall.  Spruce-Fir Forest, Mixed Conifer with Aspen and PJ Evergreen 
Shrub are in high departure, with the remaining ERUs in moderate departure overall.  

However, there are limitations associated with the lack of a more robust statistical summary and other 
factors that merit discussion.  Ecological status includes both over and understory structural components. 
There tends to be greater species richness in the understory, which is subject to a larger degree of seasonal 
and annual variability than the overstory due to species specific responses to weather patterns. The data 
describing each TEUI unit is composed of documentation taken at different times of the year and high 
species diversity is favored in the selection of sample point locations. The statistical summary conducted 
in the preparation of a final TEUI product results in a species composition summary that defines and 
describes the potential and current dominant tree, shrub, forb and graminoid species, and excludes 
species that are not defining components of the map unit. The analysis approach used in this assessment 
includes all species. The result is that understory conditions reflecting high species diversity, but not the 
same species at all sample sites, seasonal and annual variability, and/or variability due to site specific 
characteristics such as aspect, are interpreted as departure.  

Species diversity tends to be higher in transition zones, which is reflected in the TEUI documentation. The 
PJ Evergreen Shrub (less than one percent of the Forest), Ponderosa Pine Evergreen Oak (12 percent of the 
Forest) and Madrean Piñon-Oak Woodland (one percent of the Forest) are all transitional ERUs on the Gila 
NF.18 Considering these factors, there is a fair amount of uncertainty associated with these analysis results, 
which may overestimate departure in most ERUs. On the other hand, seral state proportion and patch size 
departure, as discussed in Chapter 2: Upland Vegetation, suggest that ecological status departure is still 
likely as species composition is generally not the same across seral states. 

In the grassland, shrubland and woodland ERUs, this departure is typically associated with lower diversity 
and abundance of grass species and higher percentages of woody species canopy cover. The Madrean 
Piñon-Oak Woodland has higher percentages of both shrub and tree species, but understory diversity 
remains high. The data describing the Mountain Mahogany Mixed Shrubland ERU is primarily from the 
Burro Mountains where historic grazing impacts were severe and extensive, very likely leading to higher 
shrub canopy cover and lower diversity and cover of grasses. However, much of this ERU occurs on steep 
slopes within designated wilderness areas and is not described in the TEUI data; it is reasonable to suspect 
that departure would be lower in this ERU if it included data collected in the wilderness. 

These departures are due primarily to the interrelationships between historic and current fire and 
livestock grazing management, although herbivory by large herds of elk on the Quemado and Reserve 
Ranger Districts may be an additional stressor in those areas. Ungulate grazing and browsing has been a 
disturbance regime in these ecological types both before and after the arrival of Europeans. Domestic 
livestock grazing began in the late 1800s. Livestock grazing practices reduced herbaceous vegetation (fine 
fuels) and contributed to an increase in woody vegetation as a result of reduced competition for water 
and nutrients (Boucher and Moody 1998; Rummel 1951; Madany and West 1983, Savage and Swetnam 
1990). At the turn of the 19th century, the policy of fire suppression disrupted the natural role of fire in 
these ecosystems and contributed to an increase in woody vegetation and fuel loading. Although the Gila 
NF began using fire as a restoration tool in the 1970s, and current grazing management has allowed for 
improvement in conditions, fire regimes remain departed in the grassland, shrubland and woodland ERUs 
(see Chapter 2: Upland Vegetation) as the herbaceous understory vegetation that provides forage, is also 

                                                      
18 PJ Evergreen Shrub is a transitional ecological unit between Interior Chaparral and montane units. Ponderosa Pine Evergreen 
Oak is a transitional ecological unit between the Ponderosa Pine Forest on the Mogollon Rim and the woodland zone (USDA FS 
2015a). As the southwestern portion of the Forest lies at the northern most edge of the Madrean influence, the Madrean Piñon-
Oak Woodland, also represents a transitional zone. 
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the fine fuels needed to carry fire. Non-fire vegetation treatments (e.g. fuelwood harvest or pushing19) 
have been conducted in these ERUs. However, these activities have been fairly limited due to budget, 
staffing levels and Regional priorities. Without restoring ecological processes, like fire, these treatments 
that restore or otherwise alter existing vegetation structure or composition require maintenance. The 
historic and current status of non-vegetation treatments, fire and herbivory on the Gila NF are discussed 
in detail in Chapter 9: System Drivers and Stressors.  

In some of the Mixed Conifer-Frequent Fire, this departure is associated with higher tree species canopy 
cover over reference condition and lower in others. There is corresponding lower abundance, but not 
necessarily diversity, of understory vegetation where tree canopy is higher.  Where percentage of tree 
species canopy cover is lower, the canopy cover of juniper species, evergreen oaks and/or grass species 
tends to be higher depending on soil type, elevation and aspect. On the other hand, some of this departure 
is due to shifts in the relative dominance of individual tree species which is a reflection of the elevational-
climatic gradient of this ERU, and not ecological status departure. Higher tree species canopy cover and 
lower diversity and abundance of understory vegetation between reference and current condition are all 
factors in the Ponderosa Pine Forest ERU. The TEUI data also documents some areas where Douglas fir is 
becoming established or may be higher in relative abundance in ponderosa pine stands between the 
reference and current condition. There are some map units that demonstrate departure in the opposite 
sense, with a lower percentage of ponderosa pine canopy cover accompanied by a shift in the dominant 
oak from Gambel oak to gray oak between current and reference condition. Gray oak prefers relatively 
warmer, drier sites as compared to Gambel oak. Again, some of this departure is due to shifts in the relative 
dominance of individual tree species which is a reflection of the elevational-climatic gradient of this ERU, 
and not ecological status departure. While this analysis categorizes departure in the Ponderosa Pine 
Evergreen Oak ERU as low, the TEUI data do show lower percentages of ponderosa pine and higher 
percentages of juniper and oak between reference and current conditions, as well as differences in the 
relative abundance of grass species.  

The interrelationships between historic and current fire and livestock grazing management and their roles 
in ecological status departure in the grassland, shrubland and woodland ERUs also applies to the Mixed 
Conifer-Frequent Fire, Ponderosa Pine Forest and Ponderosa Pine Evergreen Oak ERUs, although herbivory 
has somewhat less explanatory value in the Mixed Conifer-Frequent Fire. Non-fire vegetation treatments 
(e.g. timber harvest) have more explanatory value in all three of these forested ERUs. While restoration or 
hazardous fuels reduction is the primary purpose for non-fire vegetation treatments, economics are a 
driving factor in where and what happens, or doesn’t happen on the ground. Because Mixed Conifer-
Frequent Fire, Ponderosa Pine Forest and Ponderosa Pine Evergreen Oak contain species that have higher 
economic value than the woodland and shrubland ERUs, more acres of non-fire vegetation treatments 
have occurred. Under current plan direction, these treatments are generally driven by single species 
wildlife habitat management concepts (e.g. goshawk or Mexican spotted owl), old growth management 
emphasis or hazardous fuels objectives, and not Terrestrial Ecological Unit or Ecological Response Unit 
concepts.  

With respect to the Spruce-Fir Forest and Mixed Conifer with Aspen, there is greater accuracy and very 
little uncertainty associated with ecological status departure as it is driven by the extent of recent stand 
replacement fire that occurred due to drought and the legacy of past fire suppression.  

Soil Loss 
A certain amount of soil loss occurs as a natural geologic process, even under reference conditions. As 
described under Analysis Methods, the reference soil loss rate is the minimum or natural rate (NSL). Some 

                                                      
19 Pushing refers to uprooting individual trees with heavy machinery. 
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amount of soil loss greater than the minimum rate can occur without impairing natural soil productivity. 
However, when accelerated erosion exceeds a threshold, the productivity of the land is impaired and 
hydrologic function is altered. Reductions in vegetative canopy and/or groundcover can lead to 
accelerated erosion rates. Vegetative canopy cover intercepts raindrops and reduces the associated impact 
energies that detach soil particles and make them mobile. While the species that provide that cover are 
less important, not all vegetative lifeforms (e.g. bunch grass, sod grass, shrub, etc.) support soil stability to 
the same degree.  

Vegetative groundcover includes basal area, litter, microbiotic crusts, lichens and mosses. Basal area is the 
area covered by tree trunks and stems of shrubs, forbs and graminoid species where they meet the ground. 
Effective litter includes all coarse woody and finer plant debris, a half inch or more in depth (USDA FS 
1986a). Litter less than this depth is not considered effective in supporting soil stability. The distribution 
of litter is also important. Where litter is unevenly distributed and/or only associated with some vegetative 
layers, soil stability is lower than it would be if it were evenly distributed and associated with all vegetative 
layers (USDA FS 2012b). Microbiotic crusts can be a key component in helping hold soils in place and 
prevent erosion in some ecological types. On the other hand, they can also reduce infiltration rates. While 
these crusts exist all across the Forest to varying degrees, those with thicknesses great enough to 
contribute to overall soil stability are not extensive. The same can be said for lichens and mosses, except 
at high elevation where mosses can play a large role in soil stability after fire.  

Vegetative groundcover plays a critical role in soil stability and site productivity as it also reduces the 
raindrop impact energy responsible for detachment of soil particles, limits the movement of detached 
particles and reduces the potential for concentration of surface runoff water that contributes to rill and 
gully erosion. Vegetative groundcover is also an indicator of nutrient cycling status. 

Figure 67 displays the results of the soil loss modeling. Where departure is low, current soil loss rates are 
below the threshold rate. Significant departure indicates current soil loss exceeds the threshold rate.  

 
Figure 67. Soil loss departure for Gila NF upland ERUs 
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As described in the Analysis Methods, all ERUs with more than 33 percent of their area represented by 
TEUI units in significant departure are considered significantly departed as a whole. Those ERUs are Mixed 
Conifer with Aspen, PJ Woodland and Spruce-Fir Forest. While the remaining ERUs may be in low departure 
overall, most contain areas of significant soil loss departure.  

The Spruce-Fir Forest and Mixed Conifer with Aspen ERUs are in high departure due to the large extents 
of high and moderate burn severities they have experienced. In the Mixed Conifer with Aspen, 76 percent 
of those areas in low departure have current soil loss rates within 25 percent of the threshold rate.  

The reasons for significant departure in PJ Woodland, include a relatively large difference between the 
canopy cover of grasses between reference (more grass and litter) and current conditions (less grass and 
litter). Sixty three percent of those areas within the PJ Woodland that are in low departure are within 25 
percent of the Threshold soil loss rate. The distribution of vegetative groundcover is also more uneven in 
the current condition as indicated by generally higher percentages of bare soil. Although overall departure 
in the PJ Grass, Juniper Grass and the grassland ERUs is low, there are areas where current soil loss rates 
do exceed the Threshold rate. The differences in the canopy cover of grasses, litter and bare soil between 
reference and current conditions described for PJ Woodland also occur here. These differences are not 
offset by the higher canopy cover of trees and/or shrubs between the reference and current condition.  
Seventy eight percent of the PJ Grass area in low departure is represented by TEUI units with current soil 
loss rates within 25 percent of the Threshold rate. The equivalent percentages in Juniper Grass, Colorado 
Plateau-Great Basin Grassland, Montane Subalpine Grasslands, and Semi-Desert Grassland are 72, 46, 96 
and 74 respectively. PJ Evergreen Shrub and Madrean Piñon-Oak Woodland are both in low departure 
overall and contain no TEUI units with modeled current soil loss over the Threshold rate. However, the 
single TEUI map unit representing the Madrean Piñon-Oak Woodland is within 25 percent of the Threshold 
rate, while just 25 percent of PJ Evergreen Shrub is within that range.  

As previously stated the TEUI data describing the Mountain Mahogany Mixed Shrubland ERU is primarily 
from the Burro Mountains where historic grazing impacts on soils formed from rhyolite, andesite and very 
erodible granitic soils were severe and extensive and is in high soil loss departure. With 33 percent of its 
area represented by TEUI units that exceed the Threshold soil loss rate, this ERU sits on the threshold 
between low and significant departure.  Eighty seven percent of those areas within this ERU that are in 
low departure are within 25 percent of the threshold rate. Natural recovery in this area is relatively slow 
as it is located at the warmer, drier end of the Forest’s elevational-climatic gradient. Current grazing 
management has allowed for improvement in vegetative canopy and groundcover, but slows the natural 
rate of recovery. On the other hand, much of this ERU occurs on steep slopes within designated wilderness 
areas and is not described in the data.  

High and moderate burn severities explain a small percentage of the departure in Mixed Conifer-Frequent 
Fire. Recall that the RHEM model inputs include both vegetative canopy cover by life form and vegetative 
groundcover. Although this ERU is not significantly departed overall, there are areas that are. Of those 
areas that are in low departure, 72 percent are within 25 percent of the Threshold soil loss rate. Where 
departure within this ERU is significant, there tends to be less canopy cover of trees and less litter 
associated with current conditions as opposed to the reference. For the most part, the difference is not 
offset by higher canopy cover of grasses. Past thinning activities explain both the lower tree canopy cover 
and litter. After removing trees, coarse woody debris is typically piled and burned. Coarse woody debris is 
also important for long-term nutrient cycling and soil productivity. The finer material can be displaced or 
redistributed during these activities.  

Ponderosa Pine Forest and Ponderosa Pine Evergreen Oak ERUs, are in low soil loss departure overall, but 
both contain areas where current soil loss exceeds the Threshold rate. Thirty seven percent of the 
Ponderosa Pine Evergreen Oak area in low departure and 45 percent of Ponderosa Pine Forest area in low 
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departure are within 25 percent of the Threshold rate. The previous discussion of thinning activities, and 
the discussion regarding the interrelationships between historic and current fire and livestock grazing 
management apply to both of these ERUs.  

The discussion of the interrelationships between historic and current fire and livestock grazing 
management in the ecological status analysis also applies here. Where fire regimes are departed from 
historic conditions, there is a greater risk of large extents of high and moderate burn severities and 
accelerated erosion to occur. Drought increases this risk. Low severity fire, prescribed or natural, does not 
typically cause soil loss rates to exceed the Threshold and therefore serves to mitigate the risk of 
accelerated soil loss due to high and moderate burn severities. However, significant rill erosion has been 
observed post-fire in mixed conifer on some rhyolite and rhyolite ash tuff soils that experienced low 
severities. While current livestock management has allowed for improvements in soil condition over 
historic management, and range condition trends across the Forest are generally stable to slightly upward 
(Chapter 11: Multiple Uses), current management does slow natural recovery.  

Drought also plays a large role in both vegetative canopy and groundcover departures, particularly with 
regard to grass species. During periods of drought, vegetation may not be as vigorous, able to withstand 
disturbance, and may die, impacting both vegetative canopy cover and groundcover. The death of some 
grass plants has been observed in some places on the Forest over the last several years of drought. Some 
ponderosa pine that experienced low severity fire during the 2013 Silver and 2014 Signal Fires and were 
expected to survive did not, presumably due to drought stress.  

Another very important factor in soil loss departure is slope. In areas where slopes are steeper, smaller 
differences in vegetative canopy and groundcover are required to accelerate erosion. In areas that are 
relatively flat, larger differences are typically required to accelerate erosion.  In some ERUs, a percentage 
of what is interpreted as departure in this analysis, is actually a reflection of natural instability. Natural 
instability is defined by soils where NSL rate is greater than the Tolerance, or Threshold soil loss rate. In 
other words, the geologic rate of soil loss is greater than the rate of soil formation. The RHEM model 
automatically identifies the lowest soil loss rate as the NSL (RHEM calls it “baseline”), which means that 
all other scenarios (current or otherwise) will be represented by a soil loss rate greater than NSL. Soil loss 
modeling with RHEM cannot serve as the basis on which to identify naturally unstable soils. Natural 
instability is due to interrelationships between bedrock composition and structure, parent material, soil 
texture, rock content, landform, and slope. 

While slope is only one of many factors, slopes over 40 percent have been excluded from mechanical 
vegetation treatments on the Forest because of stability considerations. As a general rule, these slopes 
are also infrequently utilized by livestock. The most important disturbance regimes on these slopes are 
drought and fire. Roads and trails are also an important disturbance regime in some cases (USDA FS Gila 
NF 2013a). Approximately 29 percent of the Forest occurs on slopes 40 percent or greater. All ERUs contain 
some areas with slopes over 40 percent, but the largest percentages occur in the Mixed Conifer-Frequent 
Fire and Mixed Conifer with Aspen (>50 percent of each) and Mountain Mahogany Mixed Shrubland (65 
percent). The ERU with the greatest number of acres on slopes over 40 percent are Mixed Conifer-Frequent 
Fire, Mountain Mahogany Mixed Shrubland and PJ Woodland. The Watershed and Soils Specialist Report 
for Travel Management (USDA FS Gila NF 2013a) references the General Terrestrial Ecosystem Survey, 
which mapped the same things at a broader scale (1:250,000) and rates 21 percent of the Forest as 
unsuited. However, the use of the soil loss model was the basis for that interpretation has been 
discontinued in favor of the RHEM model. While this information provides some idea of the extent and 
distribution of naturally unstable soils, natural instability cannot be identified using slope alone, or with 
RHEM. The protocol for delineating these areas is in the process of being updated. 



Chapter 4. Soil 

 
Gila National Forest Assessment Report – Final  172 

Gully erosion has been documented by the TEUI in all grassland ERUs, PJ Woodland, PJ Grass, and Juniper 
Grass. Most of these processes were initiated as a result of historic grazing practices that are no longer 
practiced. However, some remain active to the current day as it takes long periods of time for natural 
processes to stabilize gully erosion. Just because the TEUI has not documented gully erosion in other ERUs 
does not necessarily mean they do not exist. In fact, gully erosion (as well as hillslope failure) has been 
observed in recent high and moderate burn severities within the mixed conifer. Gully erosion is not used 
to modify the results of the modeling analysis, but is considered in the analysis of soil condition that 
follows.  

Soil Condition 
As described in the Analysis Methods subsection, the soil condition characteristic relies on USDA Forest 
Service Southwestern Regional guidance (USDA FS 2012b) which rates soils as satisfactory, impaired or 
unsatisfactory based on hydrologic, stability and nutrient cycling functions. Departure is a direct 
interpretation of the soil condition rating with satisfactory ratings being low departure, impaired ratings 
being moderate departure and unsatisfactory ratings being high departure. Current soil conditions 
aggregated to the ERUs are displayed in Figure 68. 

 

 
Figure 68. Current soil condition across the Gila NF’s upland ERUs 
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erosion, deposition, and pedestalling of grasses not reflected in the soil loss analysis, as well as zootic 
disclimaxes. Zootic disclimax states can occur under sustained or periodic use of vegetation by wild or 
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domestic animals. Under such conditions vegetation can depart markedly in the structure and composition 
of the natural vegetation community under late seral conditions (USDA FS 1986a). There is also 
documentation of these conditions in the grassland and shrubland ERUs, which are in moderate departure 
overall. Additionally, there is documentation of reductions in hydrologic function as a result of compaction 
in the Semi-Desert Grassland, which does not experience the same amount of freeze-thaw action as the 
other grasslands do. Freeze-thaw action is a natural process that breaks up compaction. That said, 
compaction has been observed in other grassland systems, often on Vertisols or on vertic intergrades (see 
Soil Diversity and Distribution). With respect to the Madrean Piñon-Oak Woodland which is also in 
moderate departure, visible erosion was observed within portions of the ERU during 2014 TEUI field 
reviews. The remaining ERUs may be in low departure overall, but all contain areas of moderate and high 
departure. Again, the factors contributing to these departures have been discussed.  

The soil condition indicator of the watershed condition classification (see Chapter 6: Water) considers 
attributes of soil erosion, productivity (nutrient cycling and hydrologic function) and contamination at a 
subwatershed scale (Potyondy and Geier 2011). Although the risk of soil contamination, as represented 
by the soil contamination attribute, is not reflected using the Regional soil condition guidance (USDA FS 
2012b), it does merit discussion. Contamination has been identified as an issue in approximately 38 
percent subwatersheds with the risk of atmospheric deposition of nutrient nitrogen and/or acidic 
compounds being cited as the reason in most cases. Deposition of nutrient nitrogen can alter natural soil 
fertility which can affect plant growth, species composition, and above and below ground biodiversity. All 
of these can contribute to long-term alteration of nutrient cycling.  

The data available for the Gila (period of record 1985-2012) shows nitrogen deposition rates have held 
constant. However, critical loads have only been developed for lichens on the Gila NF. Critical loads are the 
amount of atmospheric pollutant deposition below which no harmful ecological effects occur. No 
exceedances have been recorded for acid deposition. Atmospheric deposition and critical loads are 
discussed further in Chapter 5: Air. 

In general, soils in the Southwest have a high capacity to withstand changes in pH and the risk of increased 
acidity is low. More information about atmospheric deposition can be found in Chapter 5: Air. On a 
subwatershed basis, old mines are associated with the second most common risk of soil contamination (8 
percent), and leaky underground fuel tanks and old landfills accounting for one percent each. 
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Risk  
Risk is assessed by ERU for ecological status and soil condition using the matrix displayed in Table 113, 
followed by Table 114 which displays the risk matrix for soil loss. 

Table 113. Risk matrix for soil resource characteristics 
Departure from 

Reference 
Condition 

Trend 

Toward Reference Unknown or Static 
Away From 
Reference 

High  Moderate Risk High Risk  Very High Risk 
Moderate Low Risk Moderate Risk High Risk 

Low No Risk Low Risk Moderate Risk 
 

Table 114. Risk matrix for soil loss 
Departure from 

Reference Condition  
    

Moderate or High High Risk  

Low 

>75 percent of low 
departure ERU area within 

25 percent of Threshold 
soil loss rate 

Moderate Risk 

<75 percent of low 
departure ERU area within 

25 percent of Threshold 
soil loss rate 

Low Risk 

 

To assess risk at the Forest and local unit scales, ERU risk ratings are area weighted to the Forest or local 
unit boundary and the risk rating representing the largest percentage of that area is assigned. ERU, Forest 
and local unit risk is summarized in Table 115.  
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Table 115. Risk summary for key characteristics of soil.  

ERU Name 
Ecological Status Risk 

Rating 
Soil Loss Risk 

Rating 
Soil Condition Risk 

Rating 

Colorado Plateau-Great Basin 
Grassland 

Moderate Low Moderate 

Juniper Grass Moderate Low Low 

Madrean Piñon-Oak Woodland Moderate Moderate Moderate 

Mixed Conifer-Frequent Fire Moderate Low Low 

Mixed Conifer with Aspen High High High 

Montane Subalpine Grasslands Moderate Moderate Moderate 

Mountain Mahogany Mixed 
Shrubland 

Moderate Moderate Moderate 

PJ Evergreen Shrub High Low Low 

PJ Grass Moderate Moderate Low 

PJ Woodland Moderate High High 

Ponderosa Pine Evergreen Oak Low Low Low 

Ponderosa Pine Forest Moderate Low Low 

Semi-Desert Grassland Moderate Low Moderate 

Spruce-Fir Forest High High High 

Gila NF Moderate Low Low 

Local Units 

Apache Moderate Low Low 

Little Colorado Headwaters-San 
Agustin Fringe 

Moderate Low Low 

Mogollon Front Moderate Low Low 

Black Range Moderate High High 

Upper Gila Moderate Low Low 

Lower Gila Moderate Low Low 
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There is always some degree of risk as a result of management action or inaction. For ecological status, 
patterns of risk at the ERU scale follow patterns of departure, which is reflected at the Forest and local 
unit scales. That said, the uncertainty associated with ecological status departure previously discussed, 
translates to the same uncertainty being associated with risk.  

High soil loss and soil condition risk occurs in the Spruce-Fir Forest, Mixed Conifer with Aspen and PJ 
Woodland ERUs. In Spruce-Fir Forest and Mixed Conifer with Aspen, which also have a high ecological 
status departure, this is due to the large extents of high and moderate burn severities these ERUs have 
experienced in recent years. Negative impacts to the soil stability and hydrologic function have been wide-
spread. While high and moderate burn severities may accelerate nutrient cycling short-term as complete 
or nearly complete consumption of biomass releases nutrients that were previously unavailable, long term 
nutrient cycling is not necessarily enhanced and may be negatively impacted given the large extent of 
these burns. Biomass consumed is no longer available to support long-term productivity. It is not the 
severity of the burn that is uncharacteristic of these ERUs, rather the number of contiguous acres affected. 
Since 2000, 83 percent of the Spruce-Fir Forest and 60 percent of the Mixed Conifer with Aspen has seen 
these stand replacement type fires, most of this occurring in the Gila and Aldo Leopold wilderness areas. 
Approximately 65 percent of the Mixed Conifer with Aspen and 82 percent of the Spruce-Fir Forest are 
located within designated wilderness areas.  

All of the management activities that could be justified to reduce current risk of erosion and protect soil 
productivity and hydrologic function have been completed as part of Burned Area Emergency Response 
emergency watershed stabilization activities. Over time, soil functions will return to these systems, 
however they may not recover to pre-fire conditions for hundreds of years. This depends on the degree of 
soil loss that occurs. Subsurface soil layers have different hydrologic properties than does topsoil. Climate 
change is a major stressor that elevates risk to all characteristics analyzed for the soil resource (see Chapter 
9: System Drivers and Stressors). These two high elevation ERUs have the highest vulnerability to climate 
change on the Forest. Climate change vulnerability represents the likelihood of an ecological type 
conversion (e.g. Spruce Fir Forest to Montane Subalpine Grasslands). Spruce Fir Forest and Mixed Conifer 
with Aspen are then at very high risk. While management does not have the ability to control or influence 
climate or climate change, it does have the ability to influence the risk to ecological status, soil loss and 
overall soil condition in the small percentage of these forests that remain in a late successional stage. It 
also has the ability to influence fire frequency in those areas that are now in early successional stages.  

The PJ Woodland risk is the primary reason why the Black Range local unit has a high soil loss and soil 
condition risk as it makes up 50 percent of this local unit. However, some of this higher risk is likely 
associated with slope, one of the factors in natural soil instability, as this local unit is largely comprised of 
steep and rugged terrain. Recall that PJ Woodland is ERU with the fourth largest percentage of its area on 
slopes over 40 percent, with only the mixed conifer ERUs and Mountain Mahogany Mixed Shrubland 
containing higher proportions of these slopes. Parent material also plays a strong role in natural soil 
stability, on flat or steep terrain. Soils formed from volcanic sediment, granite, tuff, many rhyolites and 
conglomerates, as well as sandstone and shale can be highly erodible if vegetative groundcover is not 
maintained. PJ Woodland occurs on all of these parent materials.  

While soil loss risk is generally low across the Forest, it is moderate in the Madrean Piñon-Oak Woodland, 
PJ Grass, Mountain Mahogany Mixed Shrubland and Montane Subalpine Grasslands. Although departure 
is characterized as low based on the higher percentage of soil loss rates that do not exceed Threshold 
rates, most current rates are within 25 percent of the Threshold. The closer soil loss rates are to the 
Threshold, the greater the risk current and future management activities that reduce vegetative canopy 
and ground cover might have. This provision in the assessment of soil loss risk is the reason why PJ Grass 
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has a lower risk to soil condition than it does to soil loss. The soil condition risk assessment does not have 
the same sensitivity.  

Moderate risk in the Madrean Piñon-Oak Woodland is influenced by the parent material, increasing the 
importance of maintaining adequate vegetative cover in current and future management activities in this 
ERU. Provisions for soil stability, as well as hydrologic and nutrient cycling functions are typically made at 
the project level (i.e. Soil and Water Conservation Practices or Best Management Practices). Parent 
material is also a factor contributing to soil loss risk in the Mountain Mahogany Mixed Shrubland where it 
occurs on granite, but lower vegetative groundcover between the reference and current condition is the 
primary management consideration in this ERU, as is the case in the Montane Subalpine Grasslands and 
PJ Grass.  

Soil condition risk is associated with both historic and current fire and livestock grazing management as 
described throughout this chapter.  All management activities that impact vegetation, impact the soil 
resource and vice versa. Competition between the restoration of fire adapted ecosystems and current 
livestock grazing is a factor contributing to risk as the herbaceous understory vegetation that provides 
forage, is also the fine fuels needed to carry fire and the organic material contributing to soil stability, 
hydrologic and nutrient cycling functions. Moving toward the historic fire regime, particularly increasing 
low severity fire, mitigates the risk of high and moderate burn severities and negative impacts to the soil 
resource. While current livestock grazing management has allowed for improvements over historic 
management and resource conditions, it slows the rate of natural recovery that might be expected in the 
absence of this stressor.  

Non-fire vegetation treatments (e.g. fuelwood or timber harvest) have been conducted in most ERUs to 
restore both vegetation structure and composition (ecological status), although most occur in the 
Ponderosa Pine Forest, Ponderosa Pine Evergreen Oak, Mixed Conifer-Frequent Fire and PJ Woodland (see 
Chapter 11: Multiple Uses). These activities have been fairly limited due to budget, staffing levels and 
Regional priorities, but could foreseeably increase with continued emphasis on landscape scale 
restoration. Mechanical treatments such as these can have a large impact on soil hydrologic, stability and 
nutrient cycling status, depending on a variety of factors including but not limited to: soil clay and moisture 
content, temperatures during treatment and time between entries (for maintenance treatments). Slope 
restrictions and other measures or methods designed to reduce impacts to the soil resource and protect 
water quality are recommended and implemented at the project level. However, without restoring 
ecological processes, like fire, these treatments require maintenance. Re-entry increases the risk to soil 
functions. Re-entry time could be increased, therefore decreasing the risk of negative impacts to the soil 
resource with the use of herbicides. Under current plan direction, these vegetation treatments are 
generally driven by single species wildlife habitat management concepts (e.g. goshawk or Mexican spotted 
owl), old growth management emphasis or hazardous fuels objectives, and not Terrestrial Ecological Unit 
or Ecological Response Unit concepts.  

Natural cycles of drought are a significant risk factor that Forest management does not have the ability to 
control. Management can only adapt by preparing for and responding to drought. A moderate or greater 
vulnerability to climate change raises these risk ratings one level (e.g. low becomes moderate) which is 
the case for all ERUs, the Forest and each local unit. It also increases the importance of monitoring key 
ecosystem characteristics in an adaptive management strategy.   

Additionally, while the best available science utilized in this assessment is based multiple corroborating 
lines of evidence, a need for a wider spectrum of reference condition datasets across environmental 
gradients has been identified in General Technical Reference (GTR)-310 (Reynolds et al. 2013). Return 
intervals are described by vegetation type (see Chapter 2: Upland Vegetation) and only indirectly account 
for soil, slope, elevation, aspect, topography and local climate variability within those vegetation types. All 
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of these things have been directly or indirectly identified as important variables in pre-settlement fire 
regimes and in some cases, more important than vegetation type (Abolt 1997; Baisan and Swetnam 1990; 
Rollins et al. 2000; Parks et al. 2015). While such information would generate too fine-scale a portrait for 
use in forest plan revision, these local data are available in the form of the TEUI and can be used to guide 
project-level planning in the future.  

Data Needs 
The Forest does need a completed TEUI product. Barring that, going forward from assessment into revision 
may require additional interpretations be developed from the draft TEUI data. These include, but are not 
limited to erosion hazard,20 threshold vegetative cover and naturally unstable soils (formerly referred to 
as unsuited). These interpretations in concert with monitoring data, would be more informative about 
current and future risks to the sustainability of the soil resource and the influence of Forest management. 
Some existing protocols to develop these interpretations are not compatible with the RHEM model. 
Updated protocol is being developed, but work is not complete.  

The TEUI data are point in time measurements. Repeat measurements associated with monitoring would 
give the Forest a better idea of trends and the effectiveness of management activities. However these data 
are most informative when tiered to a finished TEUI product. Some potentially efficient and effective 
monitoring protocols cannot be used without a completed TEUI.  

Stakeholder Input 
Soil erosion and soil health are a concern to the Gila NF stakeholders. From input received during the 
assessment, the importance of soil stability and productivity to overall watershed condition, water 
quantity and quality and infrastructure were topics of concern. Observations concerning erosion related 
to wildfires, livestock grazing, recreation and motorized travel were common.  

Some would like the Forest to take a more proactive approach to protect soil and watershed resources 
with more prescribed fire. Others are more concerned about motorized travel and the condition of the 
road system. A few were very concerned about soil health at and around recreational facilities. Some 
community members suggested that the construction of erosion control structures, and more road 
maintenance should be a priority. There are some that question the presence and numbers of cattle on 
the Forest, especially in riparian and areas of high erosion and would like this reassessed. These 
community members do not believe that adaptive livestock management has been successful. In general, 
the public perceives that the Gila NF is not demonstrating great enough concern for the soil resource. 
Some also pointed to the need for a completed and useable TEUI product.  

After the release of the draft assessment report, additional comments were received regarding 
management of the soil resource. These comments centered on implementing BMPs to reduce negative 
impacts to the soil resource that may occur as a result of mechanical vegetation treatments. Stakeholders 
would like to see these treatments restricted to times of the year when soil is dry or frozen.  

Summary 
This assessment reviews the best available soils information at the Ecological Response Unit (ERU), Forest 
and local unit scales to explore the ability of the area’s upland soils to sustain the key ecosystem services 
it provides under current Forest Plan direction. These ecosystem services are the product of soil 

                                                      
20 Erosion hazard describes the relative magnitude of accelerated soil loss should all vegetative groundcover be removed in 
terms of slight, moderate or severe ratings. 
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hydrologic, stability and nutrient cycling functions reflected by key characteristics that include: ecological 
status (vegetation composition), soil loss and condition.   

Soil hydrologic, stability and nutrient cycling can be defined and assessed individually, but are interrelated 
and inseparable on the ground. Soil condition represents the summation of these functions and 
relationships, while the other characteristics indicate specific issues. Departure and risk under current 
climate and management varies from low to high across the Forest’s ERUs, but is generally low at the 
Forest and local unit scales. However risk is elevated by climate change (e.g. an increase from low to 
moderate risk).   

Because of the relationships between climate, soil and vegetation, every management activity that is 
implemented, or not, influences soil condition. The causal factors of departure from the reference 
condition, which also contribute to risk, vary by ERU. However climate, climate change and the 
interrelationship between historic and current fire and livestock grazing management are primary themes. 
Future risk due to non-fire vegetation treatments are expected to increase with the continued emphasis 
on landscape scale restoration. This risk can be mitigated by Forest management, both at the plan and 
project level.   

While climate change is beyond the control of Gila NF management, opportunities exist for the Forest to 
manage ecological outcomes and risk with regard to the soil resource. These opportunities can be defined 
through better understanding and integration of watershed, ecological and fire management strategies 
and objectives, as well as consistent, efficient and effective monitoring designed to document outcomes 
and assess the effectiveness of management actions relative to key soil characteristics. 
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Chapter 5. Air 
Introduction 
Air quality has long been recognized as an important resource. The 2012 Planning Rule requires national 
forests and grasslands to consider air quality when developing the revised plan. The purpose of this 
assessment is to evaluate the best available scientific information regarding current conditions and trends 
in air quality, and to project future conditions on and affecting the Gila NF. This will provide the basis for 
the evaluation of risk at the conclusion of this chapter. Additionally, this assessment will identify 
information gaps and disclose any uncertainty associated with the data.  

This chapter includes the following components: 

 Airsheds relevant to the plan area 

 Location and extent of known sensitive air quality areas 

 Federal, state and tribal governmental agency implementation plans for regional haze or sensitive 
air quality areas 

 Emission inventories 

 Ambient air quality 

 Visibility 

 Atmospheric deposition 

 Public input received during the assessment relevant to air quality 

 Summary of conditions, trends and risk 

Ecosystem Services of Air  
Air resources on the Gila NF provide many ecosystem services from which society benefits or enjoys. Air, 
much like water, is necessary for the existence of life by supplying oxygen for respiration and carbon 
dioxide for photosynthesis. It provides both supporting ecosystem services as it contributes to primary 
production, nutrient cycling and soil formation; thereby contributing to provisioning services derived as 
fuelwood, fiber and food, such as meat from game and livestock. The chemical constituents of air provide 
regulating services as it influences climate and the water cycle. It also supplies cultural ecosystem services 
to society as the fresh air and sweeping views that high quality air provide are very much a part of the 
recreational value and personal enrichment experiences provided by National Forest System lands.  

Data 
Emissions data used in this analysis comes from the Western Regional Air Partnership and can be found at 
the Intermountain West Data Warehouse website at http://views.cira.colostate.edu/tsdw/. The 
Partnership represents voluntary collaboration between states, tribes, federal land managers and the 
Environmental Protection Agency (EPA). This data represents an aggregation of county emissions for those 
counties included in the relevant airshed and the Mexican states of Sonora and Chihuahua. Additional data 
for analyzing ambient air quality, visibility and atmospheric deposition were taken from state and federal 
monitoring stations in and near the Gila NF. These stations are identified in Figure 69. Site labels in Figure 
69 and the data from each station are described in Table 116. 

http://views.cira.colostate.edu/tsdw/
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Figure 69. Air quality monitoring sites relevant to the Gila airshed 
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Table 116. Characteristics of air quality monitoring sites relevant to the Gila airshed 
Monitoring Site Site Label Pollutants Monitored and Period Reviewed1 

Chino Copper Smelter CHINO O3 (2005-2014)2, PM10 (2009-2014)3, SO2 (2000-2014)4 

Gila Cliff Dwellings GICL, NM01 IMPROVE Aerosol, dv (1995-2014)5, NADP/NTN (1985-
2012)6 

Oliver Knoll AZ99 NADP/NTN (1982-2014), 

Petrified Forest National Park PEFO-AQ , 
AZ97, PET427 

NADP/NTN (2002-14), CASTNET (2003-2013)7 

Chiricahua National Monument AZ98 NADP/NTN (1999-14), CASTNET (1990-2013) 

1For this assessment, only measurements collected in and after the year 2000 were reviewed. 
2O3 is ozone 
3PM10 is coarse particulate matter 
4SO2 is sulfur dioxides 
5IMPROVE Aerosol refers to a monitoring system that was put in place by the Interagency Monitoring of Protected Visual 

Environments.  The system measures concentrations of atmospheric aerosols, such as sulfates and nitrates, and uses the data to 

assess the degree to which light is absorbed and/or scattered by air pollution. “dv” is a unit of measure that describes change in 

visibility conditions perceptible to the human eye. 
6NADP refers to the National Atmospheric Deposition Program. NTN refers to the National Trends Network 
7CASTNET is a monitoring system of the National Trends Network which collects data related to nitrogen and sulfur deposition. 

The Network operates these stations in cooperation with the National Park Service. 

Airsheds 
Airsheds are similar to watersheds in that they are defined geographic areas that are frequently affected 
by the same air mass because of topography, weather patterns and/or climate. The difference is that air 
masses and air pollutants move between airsheds based upon larger weather and/or climatic patterns, 
whereas surface water does not naturally move between watersheds.  As with watersheds, airsheds can 
be defined at multiple scales. This assessment defines the relevant airshed as the area within 300 
kilometers (186.4 miles) of the Gila NF. In consultation with the New Mexico Environment Department 
(NMED) Air Quality Bureau, this airshed was chosen using the methodology NMED uses in Regional Haze 
and Prevention of Significant Deterioration (PSD) reviews and is more consistent in assessing potential 
emissions sources that could result in impacts to the Forest, than the smaller airsheds NMED has identified 
(e.g. Catron, Luna, Grant and Sierra) within and surrounding the Forest. Those smaller airsheds are more 
appropriate for actions the Forest might take, such as prescribed burning, rather than this assessment. 
This airshed includes most of Arizona and New Mexico, as well as portions of three Texas counties and the 
Mexican states of Sonora and Chihuahua as displayed in Figure 70. This area is hereafter referred to as the 
Gila airshed. 
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Figure 70. Airsheds and Counties relevant for Gila National Forest 

Sensitive Air Quality Areas 
Sensitive air quality areas include Class I, Class II, non-attainment and maintenance areas. Class I areas are 
designated within the Clean Air Act as deserving the highest level of air quality protection. These areas 
include, but are not limited to wilderness areas over 5,000 acres.  The Gila Wilderness is a Class I area. 
Class II areas are also designated within the Clean Air Act but are subject to somewhat less stringent 
protection. Class I and II areas within New Mexico and Arizona are displayed in Figure 71. 
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Figure 71. Class I and II Areas in New Mexico and Arizona.  

The circle indicates the location of the Gila NF 

Non-attainment areas are those areas that are not meeting the National Ambient Air Quality Standards 
(NAAQS) established by the EPA. The states are delegated the primary responsibility for air quality 
management except on tribal lands, on which the tribal government maintains primary responsibility. 
States may develop their own air quality standards, provided that they are at least as restrictive as the 
national standards. New Mexico Ambient Air Quality Standards (NMAAQS) include standards for total 
suspended particulate matter (TSP), hydrogen sulfide and total reduced sulfur for which there are no 
national standards. The NAAQS and NMAAQS are included as Appendix C. Maintenance areas are former 
non-attainment areas that are now meeting air quality standards. At the present time, there are no non-
attainment or maintenance areas within the plan area. 

Federal, State, and Tribal State Implementation Plans 
The federal Clean Air Act provides the basic framework for controlling air pollution, but as stated 
previously, the states or tribes are delegated the primary implementation and enforcement responsibility. 
Typically, air pollution generated outside National Forest System lands is the primary concern for impacts 
within the national forests and grasslands. The framework of the Clean Air Act provides tools relevant to 
protecting air quality in pristine areas from both new and existing sources of pollution. 

The Prevention of Significant Deterioration (PSD) permitting program was established in 1977 to preserve 
the clean air usually found in pristine areas while allowing for economic growth. Its purpose is to prevent 
violations of NAAQS and protect air quality and visibility in pristine areas. Under this program, new major 
sources of air pollution or modifications to existing major sources of pollution may be required to assess 
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the impacts of pollution on soil, water, vegetation and visibility of lands managed by the Forest Service. 
Unless specific issues arise, individual national forests and grasslands are not generally responsible for 
conducting PSD reviews. Forest Service involvement and environmental analysis are provided for at the 
regional level. Ultimately, the Forest Service can dispute the terms of a permit if analyses demonstrate 
unacceptable impacts could occur in Class I and II areas.  

For existing sources of air pollution, the 1999 federal Regional Haze Rule (RHR) requires states to develop 
programs to assure reasonable progress toward meeting the national goal of preventing any future 
visibility impairment in Class I areas, and remedying any existing impairments. The RHR includes 
requirements for State Implementation Plans (SIPs) and revisions thereof, as well as period progress 
reviews. It also includes a provision for New Mexico, and other western states, to incorporate 
recommendations for emission reduction strategies developed by the Grand Canyon Visibility Transport 
Commission (GCVTC) designed to improve visibility in the 16 Class I areas on the Colorado Plateau.  

The GCVTC was established in a 1990 amendment to the Clean Air Act. The commission released its final 
report in 1996 and initiated the Western Regional Air Partnership (WRAP), a partnership of state, tribal 
and federal land management agencies. The WRAP was created to help coordinate implementation of the 
GCVTC recommendations related to: air pollution prevention, clean air corridors, stationary and mobile 
sources, road dust, emissions from Mexico, fire and areas in and near parks and wilderness areas.  

Since the RHR was established, the New Mexico Environment Department (NMED) has been working to 
establish a SIP consistent with the RHR, and GCVTC and WRAP recommendations. This process has 
included multiple EPA reviews, litigation and revisions. In 2012, the EPA approved NMED SIP submittals 
with the exception of one component. This SIP component relates to San Juan Generating Station77 and 
is what resulted in the litigation. The approved SIP components included Forest emissions estimates as 
appropriate.  

The Gila NF complies with Clean Air Act, RHR and New Mexico State Smoke Management Program, as 
required under the approved SIP. This program includes requirements for burn registration, notification of 
local communities and the state of the burn date(s), visual tracking and post-fire reports for all prescribed 
fire or managed wildfires greater than 10 acres (NMED 2011). 

Emissions  
This section presents current and historical data related to emissions in the Gila airshed. Emissions 
information is important because adverse air quality impacts on the Forest can usually be traced back to 
emissions. Emissions inventories are created by quantifying the amount of pollution that comes from point 
and area sources. Point sources include power plants and factories. Area sources include automobile 
emissions and wildfires. Pollutants originating from area sources may be related to human activities, or be 
biogenic in nature. Biogenic sources include those originating from the natural biological processes of 
vegetation and soil microbes. Many pollutants emitted to the atmosphere are involved in chemical 
reactions following their release. Many of the compounds that are produced from these reactions are also 
pollutants. The original pollutants can therefore be thought of as precursor pollutants and are useful in 
projecting future trends. In fact, emissions data are the basis upon which air quality trends are determined 
in this assessment. 

Baseline emissions from 2011 and projected emissions for 2020 were summarized for the following 
pollutants: carbon monoxide, nitrogen oxides, sulfur dioxide, volatile organic compounds (VOCs), and 
particulate matter. All of these pollutants except VOCs have health based standards. VOCs are included 
because VOCs and nitrogen oxides are precursors to the formation of ozone, which effects both human 
and ecosystem health. VOCs are carbon based chemical compounds that evaporate easily, like acetone or 
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gasoline. Because health related impacts of particulate matter depend on particle size, particulate matter 
is described in terms of coarse (CPM) and fine (FPM). FPM represents particulate matter emissions at or 
below 2.5 microns in diameter and has greater health related impacts as it is more easily inhaled into the 
lungs. CPM represents particulate matter emissions greater than 2.5 but not more than 10 microns. Figure 
72 through Figure 77 compare the emissions summaries for the Gila airshed by source for the identified 
pollutants between the 2011 baseline period and 2020 projections. 

 
Figure 72. Baseline and projected carbon monoxide emissions 

 
Figure 73. Baseline and projected emissions of nitrogen oxides 
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Figure 74. Baseline and projected sulfur dioxide emissions 

Note: On and off road mobile, area-oil and gas and area categories are combined because they represent a proportion too small 

to be differentiated in the graph. 

 
Figure 75. Baseline and projected VOC emissions 
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Figure 76. Baseline and projected coarse particulate matter emissions 

Note: Fire is the black at the top of the column. Area is the black at the bottom of the column. On and off road mobile and area-

oil and gas are combined with the same symbol because they make up a proportion of the total too small to differentiate between 

them. 

 
Figure 77. Baseline and projected fine particulate matter emissions 

The data demonstrates that the majority of nitrogen oxides, sulfur dioxide and VOCs in the Gila airshed 
originate from the urban counties containing Phoenix, Tucson, Albuquerque, Las Cruces, El Paso and 
Ciudad Juarez, or industrial counties with significant oil and gas development or coal-fired power plants 
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(i.e. San Juan County, NM). Particulate emissions are dominated by fire and dust across the entire Gila 
airshed. There is some uncertainty in the data from Mexico, in that it is only indicated for area, point and 
on-road mobile sources, while the U.S. data is more finely distinguished.  

There is a projected decrease in carbon monoxide and nitrogen oxides emissions through 2020. Most of 
the reductions come from fewer mobile sources associated with the introduction of lower emissions 
vehicles over time, cleaner fuels and improved gas mileage. The overall decrease would be greater if it 
were not partially offset by increases in both point and area sources of emissions from Mexico.  

Sulfur dioxide emissions are projected to increase in the Gila airshed, also due to increases in emissions 
from Mexico. In 2011, point source sulfur dioxide emissions from Mexico accounted for 60 percent of the 
total emissions and are expected to increase to 75 percent in 2020. Over this same time period, U.S. 
emissions of sulfur dioxide are expected to decrease by 10 percent.  

VOC emissions in the Gila airshed are dominated by biogenic emission sources and are projected to remain 
fairly stable through 2020. Particulate emissions, both CPM and FPM, are expected to increase slightly. 
These emissions come from wildfires, prescribed fires, agricultural fires and dust. There is a degree of 
uncertainty associated with estimating these emissions from year to year, and therefore in the 
interpretation of any trend. Higher temperatures and persistent drought conditions, such as those 
predicted to accompany climate change, could lead to an increasing trend (Prospero and Lamb 2003). 

Ambient Air Quality 
While emissions, or volume of pollutants entering the atmosphere, play an important role in determining 
overall air quality for a given area, air quality evaluations also consider ambient concentrations of 
pollutants in the air. The Forest Service uses these concentrations to determine how pollutants, such as 
particulate matter, nitrogen and sulfur dioxides, and ozone impact Forest resources. The NAAQS and 
NMAAQs described previously form the basis for the regulatory reference condition used to assess air 
quality. Where regulatory standards are met, there is no significant departure in terms of air quality.  

Ozone Concentrations 
Ozone is one of the major components of smog. It is not emitted into the atmosphere, rather it is formed 
in reactions involving nitrogen oxides and VOCs. Elevated ozone levels can cause breathing problems, 
trigger asthma, reduce lung function and increase the occurrence of lung disease. It also has potentially 
harmful effects on vegetation, which is usually the principal threat to wilderness areas. Vegetation may 
demonstrate elevated ozone levels through yellowing, reduced growth or premature death, although 
these symptoms are not unique to elevated ozone and may also be responses to insect infestations or 
disease.  

Ozone data have been collected at the Chino Copper Smelter in Hurley, NM near the Gila NF. While this is 
an industrial site, data likely represent conditions worse than would be expected on the Forest but was 
chosen because of its close proximity. There is no significant departure from the regulatory reference 
related to ozone as concentrations have been consistently below the non-attainment thresholds at this 
site. The smelter was demolished in 2007 and smelting operations are no longer occurring at Chino. 

Particulate Matter 
Particulate matter measurements in or near the Gila NF are very limited. No FPM data are available as the 
single monitor set up in Silver City, NM by the EPA was taken down because the values were so consistently 
low it did not warrant the cost of operating the equipment. CPM data are limited to the station at the 
Chino Copper Smelter in Hurley, NM with a period of record beginning in 2009. The data show 
concentrations comply with the NAAQS. There is no significant departure from the regulatory reference in 
terms of particulate matter. 
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Nitrogen and Sulfur  
Nitrogen oxides and sulfur dioxides occur as the result of fuel combustion, either from industrial or 
commercial sources such as power generation facilities, aircraft and automobiles. Nitrogen dioxide is the 
regulated form of nitrogen oxide emissions. Health effects from exposure to elevated concentrations of 
nitrogen dioxide include inflammation of the airways, and chronic bronchitis in children and other 
sensitive individuals. No data has been collected on nitrogen dioxide in or near the Gila NF.  

Sulfur dioxide emissions are linked to the quality of sulfur in the fuels that are combusted and may also 
result from smelting and refining of copper ores. Exposure to sulfur dioxide causes changes in pulmonary 
function, increases in respiratory infections and irritation of the eyes. Monitoring data from the Chino 
Copper Smelter exists for a period of record beginning in 2000. This monitoring site was influenced, at 
times, from the emissions of the copper smelter showing elevated levels of sulfur dioxide when the 
smelter was in operation. Since the smelter was demolished in 2007, concentrations have declined 
significantly. There is no significant departure from the regulatory reference in terms of nitrogen and sulfur 
compounds.  

Nitrogen oxides and sulfur dioxide are linked to the formation of nitrate and sulfate aerosols, which can 
have adverse effects on visibility. They are also linked to increases in acid precipitation and acid deposition. 
Both of these subjects are discussed further following sections. 

Visibility 
Visibility refers to the conditions that allow the appreciation of the landscape in terms of form, contrast, 
detail and color of near and distant features. It has been valued going back to the 1977 Clean Air Act 
amendments, which recognized it as an important value for most wilderness areas by creating the Class I 
designation. Particulate and gaseous air pollutants may interfere with the observer’s ability to see and 
distinguish these features.  

The Interagency Monitoring of Protected Environments (IMPROVE) data for the Gila NF were summarized 
for the 20 percent haziest and 20 percent clearest days on an annual and monthly basis using a 1995-2014 
period of record. The visibility condition that represents the “natural background” goal for Class I areas is 
based on the emissions summary data provided by the IWDW (2015). These results are displayed in Figure 
78 and Figure 79. 

 
Figure 78. Summary of IMPROVE visibility monitoring data 
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Figure 79. Distribution of haziest days by month 

In general, the data show relatively good visibility conditions (13 dv or better), except on the haziest 20 
percent of days; however, there is still significant departure in the Gila airshed in terms of visibility. The 
general trend has been toward moderate improvement. Analysis of the pollutant types and the monthly 
distribution of their concentrations indicate that the haziest days are the result of wildfire smoke impacting 
visibility on the Gila NF. There are ongoing discussions between federal land managers, the states, and the 
EPA regarding how visibility impairments related to wildfire are quantified in relation to human produced 
pollutants like sulfate and nitrate aerosols. 

Atmospheric Deposition  
Nitrogen and Sulfur  
Air emissions of nitrogen oxides and sulfur dioxide can lead to atmospheric transformation of these 
pollutants into acidic compounds, such as nitric and sulfuric acids. These acids are deposited onto land 
and into waterbodies either wet or dry. Wet deposition occurs as acid rain, snow or fog. Dry deposition is 
a more complex process, but basically occurs as these acidic compounds become associated particulate 
matter and settle out of the air.  

Nitrogen can also be deposited as nitrate or ammonium. These are the forms of nitrogen that are plant 
nutrients. Increases in nitrogen deposition can “over-fertilize” non-agricultural ecosystems, thereby 
artificially enhancing the productivity of native and non-native species, increasing system vulnerability to 
invasive species, and altering species composition and long term patterns of nutrient cycling. Excessive 
nitrogen deposition also brings with it the potential for nitrate leaching into surface and groundwater. In 
surface water, this can lead to eutrophication. Nitrate is also toxic to humans at certain concentrations and 
infants are most vulnerable. Nitrate contamination in groundwater causes “blue-baby syndrome.” 

Deposition of nitrogen and sulfur can lead to acidification of lakes, streams and soils, injury to high 
elevation forests, and changes in terrestrial and aquatic species composition and abundance. High 
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elevation forests are at greater risk because precipitation, and therefore wet deposition, increases with 
elevation.  

Direct measurements of wet nitrogen and sulfur deposition in precipitation were collected between 1985 
and 2012 at a monitoring station at the Gila Cliff Dwellings National Monument near the Gila Wilderness. 
Funding to operate this station was discontinued in 2012. Figure 80 and Figure 81 display the 
measurements collected at this station. Units are in kilograms per hectare, which is equivalent to 
approximately 0.9 pounds per acre. 

 
Figure 80. Inorganic nitrogen deposition (Gila Cliff Dwellings National Monument, 1985-2012) 

(Data obtained from http://nadp.sws.uiuc.edu/sites/siteinfo.asp?id=NM07&net=NTN) 

http://nadp.sws.uiuc.edu/sites/siteinfo.asp?id=NM07&net=NTN
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Figure 81. Sulfur deposition (Gila Cliff Dwellings National Monument, 1985-2012) 

Over the period of record, wet deposition of nitrogen in the forms of nitrate and ammonium, has remained 
fairly constant. Sulfur deposition has declined significantly and corresponds with the closure of copper 
smelting operations at mines adjacent the Gila NF. However, wet deposition does not account for all 
deposition. While there are no monitoring stations on the Forest to measure dry deposition, such stations 
exist at the Chiricahua National Monument and Petrified Forest National Park. Data from these stations 
provide the ability to estimate the proportion of nitrogen and sulfur deposition attributable to dry 
deposition on the Forest. Figure 82 and Figure 83 display the five year average total wet and/or dry 
deposition at Oliver Knoll (wet only), Petrified Forest National Park, Chiricahua, and the Gila Cliff Dwelling 
National Monuments.  The variability and range of potential deposition across the Forest is better 
illustrated by including multiple monitoring locations in and near the Gila National Forest. 
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Figure 82. Five year average of total nitrogen deposition at selected sites 

 
Figure 83. Five year average of total sulfur deposition at selected sites 

Examination of the sum of dry and wet deposition at the Petrified National Forest Park and Chiricahua 
National Monument suggests that 40 to 75 percent of the nitrogen deposition and 30 to 60 percent of the 
sulfur deposition on the Gila NF likely comes from dry deposition. Considering nitrogen emissions are 
expected to decrease in the Gila airshed, it is reasonable to expect nitrogen deposition will decrease. 
Similarly, sulfur deposition can be expected in increase as increases in sulfur emissions from Mexico offset 
decreases in U.S. emissions. 
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Mercury 
Mercury deposition is an additional concern as it is a persistent toxin which can stay in the environment 
for long periods of time, cycling between air, water and soil. It is emitted primarily by coal-fired power 
plants and may be carried thousands of miles before deposition occurs. Similar to nitrogen and sulfur, 
mercury deposition may be wet or dry. Mercury is transformed by bacteria in aquatic sediments into a 
neurotoxin that is found in fish. It has detrimental health effects to humans, and behavioral and 
reproductive impacts to wildlife. However, each person’s exposure depends on the amount of this 
neurotoxin found in the fish they eat, how much fish they eat, and how often. Mercury is subject to 
bioaccumulation, which means predator fish tend to have higher concentrations than prey fish.  

Almost every state, New Mexico included, has consumption advisories for lakes and streams with water 
quality impairments due to mercury concentrations in fish tissue. These impaired water bodies in and near 
the Gila NF are identified in Chapter 6: Water. As a result of coal-fired utilities in the Southwest and the 
limited mercury pollution controls at those sites, the total concentration of mercury in the air is fairly high 
relative to elsewhere in the U.S. However, wet deposition is relatively low, except at high elevation, 
because of lower precipitation (MDN 2013).  

While it is difficult to assess the current effects that mercury deposition is having on the Gila, since there 
are no mercury deposition monitors currently operating in the area (the Caballo Mercury Deposition 
Network monitoring site has not been operational since 2005), there are conflicting trends that suggest 
overall mercury effects will be stable. New regulatory controls at a few regional coal-fired power plants 
should reduce the total mercury emissions over the next several years. However, as previously stated, 
sulfur emissions and deposition are projected to increase. Since the bacteria that transform mercury into 
a neurotoxin require sulfur, mercury related impacts could foreseeably increase. 

Ozone 

Ground-level ozone, while not atmospheric deposition in the strictest sense of the word, interferes with 
the ability of plants to produce and store food and makes them more susceptible to insects, disease, other 
pollutants, drought and high temperatures. Some plants have been identified as particularly sensitive to 
the effects of ozone and are reliable indicators of toxic ozone levels. Elevated levels of ozone have not 
been directly measured on the Gila NF, nor has an assessment of those species sensitive to ozone been 
conducted.  

Critical Loads 
Critical loads describe the threshold amount of a pollutant below which no significant harmful effects on 
specified ecosystem components, such as plants and plant communities, lichens, fungi, soils, etc. Above 
the critical load, harmful effects attributable to the deposition of pollutants begin to occur. They are based 
on scientific information about expected ecosystem responses to a given level of atmospheric deposition. 
For ecosystems damaged by air pollution, critical loads help determine how much improvement in air 
quality would be needed to provide for recovery. Where they have not been exceeded, critical loads can 
identify levels of air quality needed to maintain and protect ecosystems into the future.  

U.S. scientists, air regulators, and natural resource managers have developed critical loads for areas across 
the United States. This development includes collaboration with scientists in Europe and Canada. 
Currently, there are no critical loads specific to the Gila NF. Critical load information is limited to research 
conducted by Pardo et al. (2011a, 2011b) within the Temperate Sierras and North American Desert 
ecoregions (CEC 1997). This information pertains to nitrogen and acid deposition. 
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Nitrogen 
Lichens add significantly to the biodiversity of ecosystems and are some of the most sensitive species to 
nitrogen deposition. Critical loads nitrogen deposition have been developed for lichens in the Temperature 
Sierras ecoregion and are based on expert judgement (Pardo 2011; Pardo et al. 2011). In 2013 and 2014, 
The Forest Service and researchers have collected lichen tissue for laboratory analysis at five locations in 
the Gila Wilderness and six locations in the Aldo Leopold Wilderness. Seven of the nine species analyzed 
had elevated levels of nitrogen (St. Clair 2014). Based on the available critical load information and the 
Gila NF lichen analysis results, one percent exceeded the critical load. The minimum amount that the Gila 
NF exceeded the critical load was 0.03 kilograms per hectare and the maximum was 0.27 kilograms per 
hectare. Analysis is being conducted on additional samples collected after 2014, as well as on archived 
samples collected in 1996.  

Herbaceous plants and shrubs comprise the majority of the vascular plants in North America (USDA NRCS 
2016). They are less sensitive to nitrogen deposition than lichens, but more sensitive than trees due to 
relatively faster growth rates, shallower roots and shorter life span (Pardo et al. 2011a, 2011b). The shorter 
lifespan of these species can result in a rapid response to nitrogen deposition and rapid shifts (1-10 years) 
in community composition. Where invasive species are present, these shifts often favor those species over 
native species (Pardo et al. 2011a, 2011b). Critical loads from the Temperate Sierras ecoregion for 
herbaceous plants and shrubs are not available for the Gila NF. However, based on critical loads from the 
North American Deserts ecoregion, deposition in the range of three to 8.4 kilograms per hectare per year 
increased biomass of invasive grasses, decreased native forbs and change community composition.  

Mycorrhizal fungi reside below the soil surface and have a symbiotic relationship with plants, which means 
that they occur within and/or closely associated with plant roots. This relationship benefits both the fungi 
and the plant. Atmospheric deposition of nitrogen in exceedance of the critical loads has been shown to 
alter community structure and composition, root colonization and decrease species richness (Pardo et al. 
2011a, 2011b). There are no critical loads for mycorrhizal fungi and nitrogen deposition on the Gila NF, nor 
are there literature values to refer to. There is also no critical load for nitrogen deposition and nitrate 
leaching. 

Acid 
The potential for impacts related to acid deposition has been recognized in the United States for more 
than 30 years. Research has shown nitrogen and sulfur deposition can have acidifying effects on soil and 
water resulting in negative impacts to aquatic resources, forest sustainability, biodiversity and ecosystem 
health (Driscoll et al 2001; McNulty et al. 2007).  The physical and chemical properties of soils that 
determine its capacity to resist changes in pH are the primary controls on whether or not critical loads are 
exceeded. Also important is the rate of acid deposition, which is related to the types and amounts of 
pollutants being emitted. Coniferous forests are generally at higher risk because needles are naturally 
acidic. Higher elevation also increases risk as more precipitation tends to occur in these areas. Critical 
loads for acid deposition and an analysis of exceedances have been developed for soils at a national level 
by McNulty et al. (2007). Critical loads have not been exceeded on the Gila NF (McNulty et al. 2007). 

Surface water acidification reduces the abundance and diversity of aquatic species. Many of the same 
factors discussed in the previous paragraph related to soils influence the susceptibility of aquatic 
ecosystems to acid deposition. Acidification begins in adjacent terrestrial areas (Pidwirny 2006) and 
depends on the system’s ability to neutralize the acid before it leaches into surface water. Water quality 
data from NMED indicates there are no waters impaired for pH on the Gila NF (NMED 2014a). 
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Stakeholder Input 
Air quality is important to the Gila NF and the public. Smoke impacts to air quality were the primary topic 
about which the public raised concerns. The negative effects of smoke on human health were the focus 
for some who expressed their desire for no burning to occur on the Forest, whether as prescribed fire or 
wildfire. Others would like to see the Forest approach the state legislature to relax rules for prescribed 
burns as they tend to generate less smoke and have lower potential for overall ecological damage. In 
general, the perception of those who provided air quality related input is that air quality is good overall 
and is potentially improving, except during large, high severity wildfires.  After the release of the draft 
assessment report, an additional comment was received questioning the chosen airshed determined as 
relevant to the plan area. Clarification regarding the airshed used in this assessment was incorporated into 
the airshed section of this chapter. 

Risk 
The ecosystem services provided by air are generally stable and not at risk. Air quality on the Gila NF is 
within national and state ambient air quality standards. Based on current and projected emissions 
inventories, the trend appears to be stable or improving for most pollutants with the exception of sulfur 
dioxide. This is also true regarding visibility conditions from a regulatory perspective because the State is 
operating under an approved SIP and is on an acceptable trajectory to the goals outlined in the Clean Air 
Act. The primary challenge could be with regard particulate matter, which can affect both ambient air 
quality and visibility on the Forest. Land-use, both on and off Forest, climate change and drought can 
contribute to particulate matter. Wildfires can also be a significant source of particulate matter for short 
periods of time, but can have significant public health impacts during these episodes.  

There are many factors that contribute to the reliability and confidence of an assessment. Typically, a 
sufficient amount of direct measurements taken over time provide the greatest level of confidence 
regarding the current state and trends of forest health as it applies to air quality impacts. In the absence 
of direct measurements, modeled data can be used to assess relative risk of ecological systems to the 
impact of air pollution. However, this creates a greater degree of uncertainty in the interpretation. 
Understanding the assumptions in the modeled data and how well they perform on the ground determines 
the degree of confidence in the interpretation.  

There are direct measurements, taken over time, for ambient air quality and visibility, therefore reliability 
of the assessment is high with regard to these characteristics. However, there is a fair amount of 
uncertainty associated with the risk that air quality might pose to ecosystem integrity and sustainability 
due to the very limited data on which to develop Gila NF specific critical loads. Research is weak with 
regards to assessing critical loads on the Forest and there is significant uncertainty in the assessment 
regarding the magnitude of impacts from nitrogen deposition. The primary results in the assessment were 
based on modeled critical loads and have not been verified on the Forest. Lichen studies represent the 
only direct measure of air pollution impacts. Additionally, the difficulty associated with quantifying dry 
deposition on complex mountainous terrain in arid climates with very little data (Pardo et al. 2011a, 2011b) 
contribute to the uncertainty of critical load estimates.  

Modeled results also indicate that the levels of acid gases are not at levels significant enough to result in 
impacts to either soils or surface water. There are no direct measurements on the Forest that indicate 
otherwise. There is some indication that mercury deposition at higher elevations on the Forest may be 
significant, however, atmospheric mercury, based on regional emissions, is also expected to decrease. 
Table 117 provides a summary of air quality related conditions, trends and reliability of those 
determinations. 
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Table 117. Summary of conditions, trends, and reliability of assessment 
Air Quality Measure Current Conditions Trend Reliability 

NAAQS1    
Carbon Monoxide Good Improving High 
Nitrogen Dioxide Good Improving High 
Sulfur Dioxide Good Declining High 
Lead Good Stable High 
Ozone Good Stable High 
FPM Good Stable to Declining High 
CPM Good Stable to Declining High 
Visibility    
Visibility2 Departed Stable to Improving High  

Critical Loads- Deposition3   
Nitrogen Eutrophication    
Lichens Low risk Improving Low 
Herbaceous Plants and Shrubs Low risk Improving Low 
Mycorrhizal Fungi Unknown Improving Low 
Forests Unknown Improving Low 
Nitrate Leaching Unknown Improving Low 
Acid Deposition    
Soils Good Improving Low 
Surface Water Low risk Stable to Improving Moderate 
Deposition (other)    
Mercury Low risk Improving Low 
Ozone Unknown Unknown N/A 

1Relative to NAAQS 
2Relative to 2064 Regional Haze Goal 
3Level of risk, is based on the extent of potential impact on the Forest.  For example, if models indicate that 98% of the Forest 

area exceeds nitrogen critical loads for lichens, that would be high risk.  While approximately 50% of the forest area exceeds 

nitrogen critical loads for Mycorrhizal fungi or Forests, this is moderate risk.  Break points are 0-33%- Low risk; 34-66%- Moderate 

risk; and 67-100%- High risk.  In some cases, where there is conflicting data, the data is sparse, or has considerable uncertainty, 

best professional judgement was used to assign risk level.     

Summary 
Air quality and the values dependent on air quality on the Gila NF are generally in good condition or are 
improving as most pollutants are decreasing; however, visibility and ambient air quality conditions 
associated with particulate matter are expected to continue to have episodic periods of very high levels 
—as a result of wildfires and increases in fugitive dust due to the effects of climate change.  Also, impacts 
from emissions along the US-Mexico border are a significant concern and also an area of significant 
uncertainty in terms of the magnitude and subsequent impacts.  Lastly, modeled critical loads from 
nitrogen deposition are insufficient to assess the full range of possible impacts to the ecosystems 
potentially affected.
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Chapter 6. Water 
Introduction 
Water is necessary for the existence of all life. Water exists in soil and groundwater, streams, springs and 
seeps, wetlands and waterbodies, all of which occur in watersheds. This chapter describes reference and 
current conditions, and projects future conditions and trends related to key ecosystem characteristics of 
water within and surrounding the Gila NF. These characteristics include the dominant ecological 
characteristics that describe the composition, structure, function and connectivity of ecosystems as they 
relate to water resources. Table 118 lists the characteristics analyzed for this assessment and the metric, 
or standard of measurement by which it is analyzed. 

Table 118. Key water resource characteristics for assessment 
Water Resource Characteristic Metric 

Watersheds Condition 

Perennial and Intermittent Streams  Extent  and Distribution 

Streamflow Mean and Median Annual Flow 

High and Low Flow Days  

Mean Monthly Flow  

Surface Water Quality Regulatory Water Quality Status 

Aquatic Biota Native and Non-Native Fish Species Richness 

Distribution of Native and Non-Native Fishes 

Groundwater  Quantity 

Extent and Distribution of Springs, Seeps and Wetlands 

Quality 

Each water resource feature is a main heading in this chapter. Under each main heading is a discussion of 
current and reference conditions, trends, system drivers and stressors, and risk related to each 
characteristic. Waterbodies are not analyzed as a key ecosystem characteristic because most are 
constructed features not naturally occurring features on the Forest. Regardless, this chapter does include 
a main heading and discussion regarding waterbodies because they do have ecological significance. 
Similarly, groundwater wells are not analyzed as a key ecosystem characteristic, but are briefly discussed 
because of their socioeconomic and ecological importance. The chapter concludes with stakeholder input 
received during the assessment concerning water resources, and a summary. This chapter does not include 
a full treatment of aquatic species (see portions of Chapter 8: At-Risk Species) or riparian resources (see 
Chapter 7: Riparian) but includes supporting information from those analyses.  

Ecosystem Services of Water Resources 
Water resources on the Gila NF provide many ecosystem services from which society derives enjoyment 
or benefit. It provides supporting ecosystem services as primary production, soil formation and nutrient 
cycling cannot happen without it. Water resource features contribute to provisioning and regulating 
services by contributing to erosion control, flood regulation, water purification, the production of forage, 
livestock, and game animals taken for meat, and other products. They also provide many cultural 
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ecosystem services to society as they provide opportunities for recreation, personal enrichment, 
education and research. 

Scales of Analysis 
This analysis is based on three watershed scales. Watersheds are defined by the topographic extent of an 
area that drains to a single point in a stream or river system. Watersheds are cataloged using a uniform 
hierarchical system developed by the United States Geological Society (USGS). The United States is divided 
and subdivided into successively smaller hydrologic units. There are six levels of hydrologic units: region 
(1st level), subregion (2nd level), basin (3rd level), subbasin (4th level), watershed (5th level) and 
subwatershed (6th level) (USGS 1999). The word “watershed” is therefore both a general term, and a 
specific categorical term depending on the context it is used in. 

Regions can encompass several states. Subwatersheds, the smallest unit, are typically 16,000 to 32,000 
acres (25-50 square miles). This analysis uses subbasins for the broadest scale of assessment and 
watersheds and subwatersheds for the finest scale. The purpose of the broadest scale is to understand the 
environmental context beyond the Forest to determine the opportunities or limitations for the Gila NF 
may have to contribute to the sustainability of the larger ecological systems, as well as the impacts of the 
broader landscape on the sustainability of resources on the Forest. The broad scale is referred to as the 
context area. The context area includes all subbasins containing at least one subwatershed intersecting 
the Forest boundary. The fine scale is the referred to as the plan area. The plan area includes all watersheds 
with at least one subwatershed intersecting the Forest boundary.  

Forty nine watersheds compose the plan area totaling approximately 8.4 million acres, of which the Gila 
NF constitutes 39 percent. Within the plan area watersheds, 202 subwatersheds intersect the Gila NF 
boundary. These subwatersheds are used to describe plan area watershed conditions on the Gila NF. The 
context area consists 11 subbasins totaling approximately 19.1 million acres, of which the Gila NF 
constitutes 17 percent. Table D1 in Appendix D displays subbasin, watershed and subwatershed names, 
hydrologic unit codes, total acres, Gila NF acres and percent within Forest boundaries. Figure 84 and Figure 
85 display the context and plan area respectively relative to the Forest. The local units introduced in 
Chapter 1: Ecological Integrity and Sustainability are used to explore patterns of risk within the Forest, at 
a scale common to all ecological analyses.  
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Figure 84. Context area subbasins  
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Figure 85. Plan area watersheds  
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Data 
United States Geological Survey (USGS) Watershed Boundary Dataset (WBD) and National Hydrography 
Dataset (NHD) provide information about the location and extent of watersheds, streams, waterbodies 
and springs and seeps. USGS streamflow data is also used. Wetland data is provided by United States Fish 
and Wildlife Service’s National Wetlands Inventory. Climate data is provided by the Western Regional 
Climate Center. The New Mexico Environment Department’s Surface Water Quality Bureau (NMED SWQB) 
is the primary source of water quality information, with the equivalent agencies in Arizona and Texas 
providing information about water quality for the context scale. Similarly, information about wells was 
obtained from the New Mexico, Arizona and Texas Offices of the State Engineer. The Gila NF Fire History 
and Monitoring Trends in Burn Severity (MTBS) datasets provide data related to prescribed fire and 
wildfire. The watershed condition classification information for the Gila, Apache-Sitgreaves and Cibola 
National Forests are used throughout this assessment. Fish distribution data was compiled from a variety 
of sources including Gila NF survey records, NM Department of Game and Fish records, NM Natural 
Heritage Database, FISHNET database (a global database of fish collections from a multitude of 
universities, museums, and other organizations), and “The Fishes of New Mexico” (Sublette et al. 1990) 
which contained information on the historic distributions of New Mexico fish. Additional information was 
used as indicated by citations throughout this chapter. 

Watersheds 
Watershed condition describes the status of the physical and biological characteristics and processes 
within a watershed that affect hydrologic and soil functions supporting aquatic ecosystems. Watersheds 
that are functioning properly have the following characteristics (Potyondy and Geier 2011). 

 They provide for high biotic integrity, which includes habitats that support adaptive animal and 
plant communities that reflect natural processes.  

 They are resilient and recover rapidly from natural and human disturbances. 

 They exhibit a high degree of connectivity longitudinally along the stream, laterally across the 
floodplain and valley bottom, and vertically between surface and subsurface flows. 

 They provide important ecosystem services, such as high quality water, the recharge of streams 
and aquifers, the maintenance of riparian communities, and the moderation of climate variability 
and change.  

 They maintain long-term soil productivity. 

Analysis Methods 
The Watershed Condition Classification is an interdisciplinary evaluation of watershed condition employed 
across all National Forest System lands. It offers a systematic, flexible means of classifying watersheds 
based on a core set of national watershed condition indicators. The classification system utilizes existing 
data, local knowledge, professional judgment, written rule sets and criteria. Each of the 12 indicators is 
composed of one or more attributes. The attributes are scored, summed, and averaged to produce 
indicator scores, which are averaged within four process categories. The overall watershed condition score 
is then computed as a weighted average of the process category scores. The final score for each 
subwatershed results in an overall rating of Functioning Properly, Functioning at Risk, or Impaired Function 
(Potyondy and Geier 2011). The classification is available to the public online at 
http://apps.fs.fed.us/nfs/nrm/wcatt/WCFMapviewer/; the hydrologic unit codes provided in Appendix D 
may be useful for navigating the map viewer. Table 119 provides a detailed outline of the model. 

  

http://apps.fs.fed.us/nfs/nrm/wcatt/WCFMapviewer/
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Table 119. Watershed Condition Classification model 
Aquatic Physical Process Category: 30 percent of weighted average 
Water Quality Indicator: addresses the alteration of the physical, chemical and biological components of water 
quality including 303(d) listings and other water quality issues not resulting in a 303(d) listing 
Water Quantity Indicator: addresses changes to the natural streamflow regime with respect to magnitude, duration 
and timing 
Aquatic Habitat Indicator: addresses aquatic habitat condition with respect to habitat fragmentation, large woody 
debris, and channel shape and function 
Aquatic Biological Process Category: 30 percent of weighted average 
Aquatic Biota Indicator: addresses distribution, structure and density of native and introduced aquatic fauna 
Riparian/Wetland Vegetation Indicator: addresses function and condition of native riparian vegetation along 
streams, waterbodies and wetlands 
Terrestrial Physical Process Category: 30 percent of weighted average 
Roads and Trails Indicator: addresses changes to the hydrologic and sediment regimes due to density, location, 
distribution and maintenance of the road and trail network 

Soil Condition Indicator: addresses alteration to natural soil condition, including productivity, erosion and chemical 
contamination 
Terrestrial Biological Process Category: 10 percent of weighted average 
Fire Regime/Wildfire Effects Indicator: addresses potential for altered hydrologic and sediment regimes because of 
departures from natural range of variability in vegetation, fuel composition, fire frequency, fire severity and fire 
pattern;  
Forest Cover Indicator: addresses the potential for altered hydrologic and sediment regimes because of the loss of 
forest cover on Forest lands; 
Forest Health Indicator: addresses forest mortality impacts to hydrologic and soil function due to major invasive 
and native forest pests, insect and disease outbreaks and air pollution;  
Terrestrial Invasive Species Indicator: addresses potential impacts to soil, vegetation and water resources due to 
terrestrial invasive species including vertebrates, invertebrates, and plants; 
Rangeland Vegetation Indicator: addresses impacts to soil and water relative to the vegetative health of 
rangelands. 

There are 202 subwatersheds within the plan area. Watershed condition classifications are available for 
189. These classifications describe 46 of the 49 plan area watersheds and more than 99 percent of the 
Forest. No condition classification data are available for Outlet San Vincente Draw, Upper Seventysix Draw, 
or Outlet Burro Cienega.21 The initial watershed condition classification was conducted in 2011. This 
classification was updated in 2016 to reflect changed conditions as a result of the significant wildfires the 
plan area has experienced since that time. The 2016 classification is used for this assessment.22 

It is assumed that most watersheds would have been within their functional limits prior to European 
settlement. Therefore, the reference condition for watershed condition is defined as Functioning Properly 
with Functioning at Risk and Impaired Function classifications representing a departure from the 
reference.  Subwatershed condition classifications are area weighted to the watershed level to describe 

                                                      
21 A five percent area within the Gila NF threshold was used to determine which subwatersheds would be classified based on the 
assumption that below this percentage, the effects of Gila NF land management on overall condition were not significant. The 
Gila NF contains five percent or more of 181 of these subwatersheds and classified all but one. This subwatershed was classified 
by the Cibola National Forest (Cibola NF) because a larger percentage occurs within Cibola NF boundaries. The remaining eight 
subwatersheds were classified by the Apache-Sitgreaves National Forests (Apache-Sitgreaves NFs) for the same reason, and 
although less than five percent of those subwatersheds occurs on the Gila NF, collaborative management by both Forests does 
represent a significant contribution to overall watershed condition. The 13 subwatersheds with no condition classification 
represent less than one percent of the Forest. 
22 The Gila NF updated its initial classification in 2016. All subwatersheds that experienced fire of any severity across 1000 acres 
or more of its area were re-classified, including those impacted by the 2012 Whitewawter Baldy Complex, 2013 Silver Fire, and 
2014 Signal Fire. The Apache-Sitgreaves NFs updated their classification following 2011 Wallow Fire. Those subwatersheds 
classified by the Cibola NF have not been updated, but have not experienced a large scale disturbance that might warrant re-
classification.  
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the variability in conditions within plan area watersheds. The condition classification representing the 
largest proportion of the watershed area is then used to assign a single condition class to that watershed. 
This same procedure is repeated at the subbasin scale, using the subwatershed condition classification 
that represents the largest proportion of the subbasin area to describe the context area. Information 
suitable for assessing trend is not available. Risk is a direct interpretation of the watershed condition 
classification. Individual indicator and attribute scores are not assessed here in terms of departure, but 
are discussed in terms of explanatory value relative to overall watershed conditions, as they exist under 
current management. 

Plan Area 
The variability in current watershed conditions across the plan area is displayed below in Table 120 . 

Table 120 . Current watershed conditions and departure across the plan area. 

Watershed Name 

Subwatershed Condition Class 

Overall Watershed 
Condition Class 

Functioning 
Properly 

(% of 
Watershed 

Area) 

Functioning 
At Risk 
(% of 

Watershed 
Area) 

Impaired 
Function 

(% of 
Watershed 

Area) 

Plains of San Agustin Subbasin    
Nester Draw 100% 0% 0% Functioning Properly 

Patterson Lake 100% 0% 0% Functioning Properly 

Y Canyon 100% 0% 0% Functioning Properly 

Elephant Butte Reservoir Subbasin    
Headwaters Alamosa 

Creek 
58% 42% 0% Functioning Properly 

Caballo Subbasin    
Caballo Reservoir 14% 27% 60% Impaired Function 

Cuchillo Negro Creek 29% 71% 0% Functioning at Risk 

Palomas Creek-Rio 
Grande 

20% 80% 0% Functioning at Risk 

Percha Creek 0% 100% 0% Functioning at Risk 

El Paso-Las Cruces Subbasin    
Cuervo Arroyo-Rio 

Grande 
42% 58% 0% Functioning at Risk 

Mimbres Subbasin    
Cow Spring Draw-
Seventysix Draw 

0% 100% 0% Functioning at Risk 

Gallinas Canyon-
Mimbres River 

8% 69% 23% Functioning at Risk 

Headwaters San Vicente 
Draw 

0% 100% 0% Functioning at Risk 

Lampbright Draw 0% 100% 0% Functioning at Risk 

Lampbright Draw-
Mimbres River 

40% 60% 0% Functioning at Risk 

Macho Creek 100% 0% 0% Functioning Properly 
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Watershed Name 

Subwatershed Condition Class 

Overall Watershed 
Condition Class 

Functioning 
Properly 

(% of 
Watershed 

Area) 

Functioning 
At Risk 
(% of 

Watershed 
Area) 

Impaired 
Function 

(% of 
Watershed 

Area) 

Little Colorado Headwaters Subbasin    
Coyote Creek 21% 79% 0% Functioning at Risk 

Carrizo Wash Subbasin    
Agua Fria Creek 100% 0% 0% Functioning Properly 

LA Draw-Cienega 
Amarilla 

0% 100% 0% Functioning at Risk 

Rito Creek 100% 0% 0% Functioning Properly 

Upper Largo Creek 45% 55% 0% Functioning at Risk 

Upper Gila Subbasin    
Beaver Creek 100% 0% 0% Functioning Properly 

Corduroy Draw 100% 0% 0% Functioning Properly 

Headwaters East Fork 
Gila River 

51% 49% 0% Functioning at Risk 

Middle Fork Gila River 10% 76% 14% Functioning at Risk 

Outlet East Fork Gila 
River 

28% 72% 0% Functioning at Risk 

Railroad Canyon 100% 0% 0% Functioning Properly 

Sapillo Creek 65% 35% 0% Functioning Properly 

Sapillo Creek-Gila River 23% 58% 19% Functioning at Risk 

West Fork Gila River 0% 100% 0% Functioning at Risk 

Upper Gila-Mangas Subbasin    
Apache Creek-Gila River 0% 100% 0% Functioning at Risk 

Bear Creek 33% 67% 0% Functioning at Risk 

Blue Creek 100% 0% 0% Functioning Properly 

Blue Creek-Upper Gila 
River 

18% 82% 0% Functioning at Risk 

Duck Creek 33% 67% 0% Functioning at Risk 

Mangas Creek 22% 78% 0% Functioning at Risk 

Sycamore Creek-Upper 
Gila River 

0% 100% 0% Functioning at Risk 

Animas Valley Subbasin    
Headwaters Burro 

Cienega 
0% 100% 0% Functioning at Risk 

Lordsburg Draw 0% 100% 0% Functioning at Risk 

San Francisco Subbasin    
Centerfire Creek-San 

Francisco River 
0% 91% 9% Functioning at Risk 

Deep Creek-San 
Francisco River 

17% 83% 0% Functioning at Risk 
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Watershed Name 

Subwatershed Condition Class 

Overall Watershed 
Condition Class 

Functioning 
Properly 

(% of 
Watershed 

Area) 

Functioning 
At Risk 
(% of 

Watershed 
Area) 

Impaired 
Function 

(% of 
Watershed 

Area) 

Headwaters Tularosa 
River 

22% 78% 0% Functioning at Risk 

Lower Blue River 100% 0% 0% Functioning Properly 

Mule Creek-San 
Francisco River 

35% 45% 20% Functioning at Risk 

Outlet Tularosa River 18% 65% 17% Functioning at Risk 

Pueblo Creek-San 
Francisco River 

7% 35% 58% Impaired Function 

Upper Blue River 9% 89% 2% Functioning at Risk 

  

Recall that not all indicators are given the same weight, which means a subwatershed may be considered 
Functioning Properly overall, but may have indicators that are rated Functioning at Risk or even Impaired 
Function. Likewise, subwatersheds that are considered Functioning at Risk or Impaired Function overall, 
may have indicators that are considered Functioning Properly. Figure 86 through Figure 97 display the 
indicator ratings and percentage of subwatersheds in each category, followed by a discussion of these 
ratings and their contributions to departure at the Forest and watershed scale.

 
Figure 86. Aquatic Biota Indicator 

 
Figure 87. Riparian/Wetland Vegetation Indicator 

 
Figure 88. Water Quantity Indicator 

 
Figure 89. Aquatic Habitat Indicator 
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Figure 90. Water Quality Indicator 

 
Figure 91. Soil Condition Indicator 

 
Figure 92. Fire Regime/Wildfire Effects Indicator 

 
Figure 93. Forest Cover Indicator 

 
Figure 94. Roads and Trails Indicator 

 
Figure 95. Forest Health Indicator 

 
Figure 96. Terrestrial Invasive Species Indicator 

 
Figure 97. Rangeland Vegetation Indicator 
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Looking at the subwatershed indicator ratings and the rationales behind them allows for the interpretation 
of the causes behind departure in watershed condition at the Forest level.  The rationale for these indicator 
ratings are documented at http://apps.fs.fed.us/nfs/nrm/wcatt/WCFMapviewer/. The indicators given the 
most weight in the 12 indicator model, and therefore largely responsible for the overall subwatershed 
classification are: aquatic biota, aquatic habitat, riparian/wetland vegetation, water quality, water 
quantity, soil condition and roads and trails. Less than half of the Forest’s subwatersheds are Functioning 
Properly in terms of aquatic biota (Figure 86), aquatic habitat (Figure 89) and riparian/wetland vegetation 
(Figure 87).  

The riparian/wetland vegetation indicator is considered Functioning Properly if “native mid to late seral 
vegetation appropriate to the site’s potential dominates the plant communities and is vigorous, healthy, 
and diverse in age, structure, cover and composition on more than 80 percent of the riparian/wetland 
areas in the watershed…” and reproduction of native species is occurring such that sustainability is 
ensured and the vegetation is supported by the properly functioning hydrologic characteristics of the 
particular stream or wetland system (Potoyndy and Geier 2011). Functioning at Risk ratings reflect a 
moderate loss of these characteristics with limited areas displaying significant impacts. An indicator rating 
of Impaired Function indicates 25 percent or less of the riparian/wetland areas in the watershed display 
the characteristics described as Functioning Properly.  

According to the rationale documented in the Gila NF classification, 23 of the 113  subwatersheds rated 
Functioning at Risk or Impaired Function in terms of riparian/wetland vegetation (Figure 87) are limited in 
their ability to support these vegetation communities due to the lack of perennial or intermittent surface 
or subsurface water. Approximately 67 of the 76 subwatersheds that are Functioning Properly (Figure 87) 
are also limited in their ability to support riparian/wetland vegetation, leaving approximately 98 
subwatersheds across the Forest that were not considered as limited by water in their ability to support 
these vegetation communities. This indicator score was given a lower weight (less than two percent) in all 
subwatersheds limited by available water so that the overall classification is not significantly influenced. 
However, this means that just nine percent of the Forest’s subwatersheds that currently have the water to 
support riparian/wetland communities are Functioning Properly, 29 percent are Functioning at Risk or 
Impaired Function due to fire and/or post-fire effects, and 10 percent are rated Functioning at Risk or 
Impaired Function due to the cumulative effects of relatively small irrigation diversions that lead to drying 
of the system. The remaining 52 percent are Functioning at Risk or Impaired Function due to the effects 
of drought, rising temperatures, roads and motorized trails, and/or herbivory by wildlife and livestock. 
More than 10,600 acres of riparian are currently excluded from livestock grazing (see Chapter 9: System 
Drivers and Stressors for more information).  

Patterns in the aquatic habitat indicator closely mirror those found in the riparian/wetland vegetation 
indicator, as available water and its distribution affect habitat quality and connectivity. An aquatic habitat 
rating of Functioning Properly means that “the watershed supports large continuous blocks of high-quality 
aquatic habitat and high-quality stream channel conditions” (Potoyndy and Geier 2011).  Ratings of 
Functioning at Risk indicate “the watershed supports medium to small blocks of contiguous habitat. Some 
high-quality aquatic habitat is available, but stream channel condition show signs of being degraded” 
(Potoyndy and Geier 2011). Impaired Function ratings meant that “the watershed supports small amounts 
of continuous high-quality habitat. Most stream channel conditions show evidence of being degraded by 
disturbance” (Potoyndy and Geier 2011). There is a higher percentage of subwatersheds that are 
Functioning at Risk or Impaired Function (Figure 87 and Figure 89) because the aquatic habitat indicator 
considers stream channel shape and function, which the watershed condition classification model does 
not directly consider for riparian/wetland vegetation (Table 119). Large woody debris remains important 
to aquatic habitat, but is less of a contributing factor to departure in most subwatersheds. This indicator 
was also given a lower weight where there is not enough water to support aquatic habitat.  

http://apps.fs.fed.us/nfs/nrm/wcatt/WCFMapviewer/
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Available water limits the potential for riparian/wetland vegetation and aquatic habitat, but represents an 
even greater limitation to the aquatic biota indicator. Approximately 30 percent of subwatersheds rated 
Functioning at Risk or Impaired Function lack sufficient water to support aquatic biota, as opposed to the 
20 percent that are water limited with respect to riparian/wetland vegetation. An additional factor 
contributing to departure in the aquatic biota indicator is that non-native species are present in 
approximately 70 percent of subwatersheds that support aquatic biota and are out-competing natives in 
approximately 38 percent of these. Aquatic biota are analyzed as an ecosystem characteristic later in this 
chapter.  

The water quantity indicator is intended to capture significant changes in streamflow due to water 
diversions, water controls or wildfire. Water controls (e.g. dams and berms in drainages), or cumulative 
effects of relatively small irrigation diversions or controls are responsible for just over a quarter of the 42 
percent of all subwatersheds rated as Functioning at Risk or Impaired Function with respect to this 
indicator (Figure 88) with wildfire effects responsible for the remainder.  

Of subwatersheds rated Functioning at Risk or Impaired Function with respect to the water quality 
indicator (Figure 90), 23 contain streams that are not meeting State water quality standards for one or 
more reasons (i.e. 303(d) listed). Other water quality issues not resulting in 303(d) listings are primarily 
sediment and temperature related. Wildfire effects resulted in negative changes to this indicator score in 
42 subwatersheds between the Gila NF’s initial 2011 classification and 2016 update. 

The roads and trails indicator scores reflect the attributes of road density, maintenance and proximity to 
water of all motorized linear transportation features. All of these attributes were identified issues in 
subwatersheds rated Functioning at Risk or Impaired Function. Lack of road maintenance is the largest 
concern across the Forest in terms of these attributes, followed by proximity to water and road density. 
Of the 26 percent of subwatersheds that are rated Functioning Properly (Figure 94), most are located 
primarily or entirely within wilderness areas.  

Of the 69 percent of subwatersheds with soil condition indicator ratings of Functioning at Risk or Impaired 
Function (Figure 91), all are experiencing some degree of accelerated erosion and decreased productivity. 
This is due to fire effects in 38 subwatersheds. Soil condition, soil loss and productivity are discussed in 
further detail in Chapter 4: Soil. Soil contamination risk has been identified as an issue in approximately 
38 percent subwatersheds with the risk of atmospheric deposition of nutrient nitrogen and/or acidic 
compounds being cited as the reason in most cases. Atmospheric deposition and contamination are 
discussed in further detail in Chapter 4: Soil and Chapter 5: Air. The contamination risk due to atmospheric 
deposition was rated for the Gila NF by the USDA Forest Service Washington Office. Old mines are the 
second most common risk factor (8 percent), with leaky underground fuel tanks and old landfills account 
for one percent each.  

The fire regime/wildfire effects indicator scores (Figure 92) are affected by the Fire Regime Condition Class 
(FRCC) and or wildfire effects, not both (Potyondy and Geier 2011). FRCC is a departure rating from the 
historic range of variability in fuel composition, fire frequency, severity and pattern with low, moderate 
and high categories. Subwatersheds that are Functioning Properly with respect to this indicator (Figure 92) 
have a predominantly low departure from the natural fire regime or wildfire effects such that they are 
expected to recover in one to two years. Subwatersheds that are rated Functioning at Risk (Figure 92) with 
respect to this indicator are considered moderately departed from the historic fire regime or wildfire 
effects such that some increase in erosion and runoff are a concern, but long-term watershed integrity is 
not at risk. Recovery from wildfire effects is expected in two to five years. Subwatersheds that are 
considered Impaired Function (Figure 92) are highly departed from the natural fire regime or post-fire 
effects persist longer than five years and are a threat to long-term watershed integrity. All Impaired 
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Function ratings are due to wildfire effects. Of the Functioning at Risk ratings, approximately half are due 
to wildfire effects with the remainder being due to departures in the historic fire regime.  

The forest cover indicator scores are affected by stand replacement fire or any other management activity 
that reduces forest cover. The 19 percent of subwatersheds that are Functioning at Risk or Impaired 
Function with respect to this indicator correspond directly to those subwatersheds rated as Impaired 
Function for the fire regime/wildfire effects indicator (Figure 93). 

Although 99 percent of subwatersheds are rated Functioning Properly with respect to the forest health 
indicator (Figure 95), instances of insects and disease do occur on the Forest (see Chapter 2: Upland 
Vegetation and Chapter 9: System Drivers and Stressors for more information). The indicator rating reflects 
the degree of tree mortality expected or occurring due to insects, disease or air pollution. The Functioning 
Properly rating was assigned if these issues were present in less than 20 percent of the subwatershed. A 
rating of Functioning at Risk indicates problems in 20 to 40 percent of the subwatershed and Impaired 
Function indicates problems in more than 40 percent. No subwatersheds are rated Impaired Function for 
forest health and only two were rated Functioning at Risk. Some known issues, such as dwarf mistletoe 
infestation were not reflected in the ratings due to insufficient data. While this watershed scale assessment 
of insects and disease is not directly comparable to the Ecological Response Unit (ERU) scale analysis in 
Chapter 2: Upland Vegetation, at the Forest scale, the results validate each other.  

In general, terrestrial invasive species are not well established on the Gila NF as compared to other forests 
in the Southwest. However, formal survey data is limited. This indicator relied primarily on local knowledge 
of existing populations. Ninety nine percent of subwatersheds are currently considered Functioning 
Properly with respect to this indicator (Figure 96). In the one percent rated Functioning at Risk, populations 
of bull thistle are identified the cause. While other invasive species may exist across the Forest, their 
populations are not known to meet the criteria that would move a subwatershed into a Functioning at 
Risk or Impaired Function rating. Invasive species are discussed further in Chapter 2: Upland Vegetation, 
Chapter 7: Riparian, and Chapter 9: System Drivers and Stressors.  

The rangeland vegetation indicator was scored by District range specialists referencing available data 
collected at permanent range monitoring sites, the national ruleset provided in the technical guide 
(Potyondy and Geier 2011) and professional judgement to rate this indicator. Range condition data scores 
sites into very poor, poor, fair, good and excellent condition categories as identified by the Parker 3-step 
protocol. For the watershed condition assessment, ratings were averaged to each subwatershed with very 
poor and poor range condition categories being equated with Impaired Function indicator ratings, fair with 
Functioning at Risk, and good and excellent being equated with Functioning Properly indicator ratings. 
While the range data includes trend analysis, the watershed condition classification does not provide a 
means to report trends; therefore trends were not assessed at the watershed scale.  According to this 
data, 23 percent of subwatersheds are Functioning Properly, 70 percent are considered Functioning at Risk 
and 6 percent are Impaired Function (Figure 97). Range condition is discussed further in Chapter 11: 
Multiple Use.  

Two watersheds are Impaired Function overall: Pueblo Creek-San Francisco River and Caballo Reservoir 
(Table 120). In Pueblo Creek-San Francisco River, part of this departure is due to changes in most indicator 
ratings in three subwatersheds as a result of the 2012 Whitewater Baldy Complex Fire. However, there are 
issues in this watershed that predate the Whitewater Baldy Complex Fire and analysis methods would still 
have shown a high departure in watershed condition. Pre-Whitewater Baldy, roads and trails, soil condition 
and rangeland vegetation indicator ratings were Functioning at Risk or Impaired Function in most 
subwatersheds and aquatic habitat fragmentation and nonnative aquatic species were identified issues as 
well. Pre-fire, all subwatersheds were associated with a moderate departure from the historic fire regime 
(Functioning at Risk). Post-fire, this remains the case where this indicator isn’t rated Impaired Function 
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because of the Whitewater Baldy Complex Fire. The 2013 Silver Fire had similar effects to indicator ratings 
in Caballo Reservoir. Prior to the Silver Fire, analysis methods would have depicted low departure in this 
watershed.  

Context Area 

In terms of watershed condition, opportunities and limitations are determined by the percentage of 
subbasin area located within the Gila NF. Table 121 displays the subbasin extent and percentage occurring 
on Forest for the 11 context area subbasins. 

Table 121. Context area subbasin extent and Gila NF percent 
 Subbasin Area 

Subbasin Name Total (acres) Gila NF (acres) % On Gila NF 
Plains of San Agustin 1,275,453 135,981 11 
Elephant Butte Reservoir 1,403,516 40,451 3 
Caballo 795,153 211,635 27 
El Paso-Las Cruces 3,542,482 37,572 1 
Mimbres 4,283,488 210,291 5 
Little Colorado Headwaters 515,246 13,510 3 
Carrizo Wash 1,446,531 197,142 14 
Upper Gila 1,269,561 1,069,298 84 
Upper Gila-Mangas 1,311,302 198,660 15 
Animas Valley 1,449,526 59,574 4 
San Francisco 1,793,569 1,097,383 61 

Totals 19,085,827 3,271,497 17 

Continuing with the five percent area threshold to determine which subwatersheds were classified, the 
Gila NF’s ability to contribute to sustainability is limited to those subbasins with five percent or more 
occurring on National Forest System lands. The Gila NF alone constitutes five percent or more of Plains of 
San Agustin, Caballo, Mimbres, Carrizo Wash, Upper Gila, Upper Gila-Mangas and San Francisco subbasins. 
When including Apache-Sitgreaves and Cibola NFs, National Forest System lands constitute more than five 
percent of the Little Colorado Headwaters and Elephant Butte Reservoir subbasins. Figure 98 summarizes 
current conditions at the subbasin scale. 

 
Figure 98. Subbasin watershed conditions on the Gila NF 
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In the Plains of San Agustin subbasin, all Gila NF acres are Functioning Properly, as are 75 percent of Forest 
acres in Carrizo Wash and 58 percent of Elephant Butte Reservoir. In other subbasins, watershed condition 
is Functioning at Risk overall with less than half of the area is Functioning Properly. Areas of Impaired 
Function occur in San Francisco, Upper Gila, Mimbres and Caballo subbasins.  

Opportunities to contribute to sustainability by maintaining or improving subbasin watershed conditions 
exist in all nine of these subbasins. These opportunities increase with the percentage of the total area 
located on the Forest. Off-forest watershed conditions currently have little direct impact on overall 
watershed conditions within most subbasins because the majority of off-Forest area is located downhill 
and downstream. Severe watershed degradation would have to occur in order for impacts to be realized 
uphill and upstream. This is true to a lesser extent in the San Francisco subbasin and Upper Gila-Mangas 
where off-forest watershed conditions could potential have greater impact on watershed condition within 
Gila NF. This is due to topographic factors, as well as patterns of landownership and use. 

Risk 

As stated in the discussion of analysis methods, risk is a direct interpretation of the watershed 
classification. Risk is assessed using the risk matrix below based on the departure classifications in Table 
120. The results of the risk assessment for plan area watersheds follows Table 122 as Figure 99.  

Table 122. Risk matrix for watershed condition 
Departure Classification Risk Assessment 

Functioning Properly Low Risk 

Functioning at Risk Moderate Risk 

Impaired Function High Risk 
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Figure 99. Risk to watershed condition across the plan area 

  

Narrative Legend 
 

White indicates low risk 
 
Light gray indicates 
moderate risk 
 
Dark gray indicates high 
risk 
 
Hatching indicates no data 
 
The black line is the Gila 
NF boundary. To maintain 
readability, private 
property within the 
admistrative boundary is 
not shown. 
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Fourteen of the 49 plan area watersheds are associated with a low risk to overall watershed condition 
under current management, 30 watersheds are associated with moderate risk and two watersheds with 
high risk. Recall that three watersheds do not have classifications because no subwatershed within those 
watersheds has one percent of its total area located on National Forest System lands. The largest 
percentage of the Forest is associated with a moderate risk to watershed condition based on the same 
approach as was used at the watershed level. Subwatershed indicator ratings identify factors contributing 
to risk. Table 123 displays the percent of indicator scores within the low, moderate and high risk categories 
that are not Functioning Properly.  

Table 123. Subwatershed indicators contributing to watershed risk  
 

 Percent of Subwatershed Indicator Ratings not Functioning Properly  
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Low 19 14 5 17 14 18 45 86 2 0 0 81 

Moderate 73 72 48 49 70 79 74 97 23 <1 <1 75 

High 85 85 46 54 77 69 92 92 30 8 0 69 

 

Aquatic biota, aquatic habitat, riparian/wetland vegetation, soil condition, water quality, fire regime/or 
wildfire effects and rangeland vegetation indicators are significant contributors to risk in all risk categories. 
The contribution of the rangeland vegetation condition indicator decreases from low to high risk 
categories as a result of less area occupied by rangeland systems in watersheds at moderate and high risk. 
In low risk watersheds, the fire regime/wildfire effects indicator is not Functioning Properly due to 
departure from the natural fire regime, but not wildfire effects. This as opposed to most high risk 
watersheds being associated with wildfire effects. Both cases occur in moderate risk watersheds.  The 
remaining indicators listed at the beginning of this paragraph increase with watershed risk categories. The 
casual factors of risk related to each indicator have been discussed previously in the description of each 
indicator and the discussion of current conditions presented in the analysis methods and plan area 
subsections. 

Local unit risk was determined by calculating the percentage of the local unit area represented by each 
watershed risk rating. The risk rating representing the largest percentage was assigned to the local unit. 
All local units are associated with a moderate risk to watershed condition under current management 
except Little Colorado-San Agustin Fringe in which there is a low potential risk. The following table provides 
the same information for watersheds presented in Table 123 above for each local unit.  
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Table 124. Subwatershed indicators contributing to local unit risk  
 

 Percent of Subwatershed Indicator Ratings not Functioning Properly  
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Apache 85 81 44 67 78 89 63 96 11 0 0 100 

Black 
Range 

44 51 32 39 51 80 61 90 24 10 0 68 

Little 
Colorado – 

San 
Agustin 
Fringe 

36 40 23 30 36 62 62 94 2 0 2 89 

Mogollon 
Front 

68 71 32 38 74 79 88 94 24 0 3 82 

Upper Gila 79 74 84 21 79 53 74 0 68 5 0 37 

Lower Gila 91 67 45 39 27 82 70 97 6 0 0 76 

 

Most low risk watersheds have relatively few perennial or intermittent stream miles on the Forest, with 
the exception of Sapillo Creek, therefore there is less risk associated with aquatic biota, aquatic habitat, 
and riparian/wetland vegetation. The risk in most low risk watersheds is the result of moderate departure 
in the historic fire regime and rangeland vegetation indicators that are Functioning at Risk. Low severity 
fire mitigates risk of large extents of high and moderate burn severity, and therefore risk to watershed 
condition.  In most of these watersheds, restoration of the historic fire regime and herbivory by livestock 
and wildlife compete for the same resource; that is to say forage available to support wildlife and livestock 
is also the fine fuels necessary to carry fire. Almost half of these low risk watersheds also have soil 
conditions (i.e. productivity and erosion) that are Functioning at Risk, and in a few instances, Impaired 
Function. This risk is due in large part to reduction in soil functions related to historic livestock grazing 
practices that are no longer practiced. However it is also influenced by current livestock grazing 
management and in most of these low risk watersheds, herbivory by elk. While current livestock 
management has allowed for improvements in soil condition and range condition trends across the Forest 
are generally stable to slightly upward (Chapter 11: Multiple Uses), current management slows natural 
recovery of soil functions that were altered by historic practices.  
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These dynamics are also at work to varying degrees in moderate and high risk watersheds and all local 
units, as reflected in the percentages of indicator scores not Functioning Properly (Table 123 and Table 
124). On the other hand, wildfire effects due to large areas of high and moderate burn severity contribute 
to risk in both high risk watersheds and some moderate risk watersheds. This is not a risk factor in low risk 
watersheds. Wildfire effects pose risk to aquatic habitat, riparian/wetland vegetation, water quantity, 
water quality, soil condition and forest cover indicators, but in some cases have favored native aquatic 
species (see Aquatic Biota subsection of this chapter).  

Roads and trails are also a significant contributor to risk to soil condition, aquatic habitat, water quality 
and therefore aquatic biota. Roads and trails, herbivory and fire represent the primary system drivers and 
stressors to overall watershed condition on the Gila NF that are within the ability and authority of the 
Forest to manage. Chapter 9: System Drivers and Stressors also contains greater detail concerning all 
watershed condition drivers and stressors and their historic and current status on the Forest.  

While not within the ability or authority of the Forest to control or influence, climate change is major 
stressor that elevates the risk to watershed condition. Climate change, its potential effects to watershed 
condition and watershed vulnerability to climate change are discussed in detail in Chapter 9: System 
Drivers and Stressors. On the basis of a moderate or greater vulnerability to climate change, which is the 
case for all Gila NF watersheds, local units and the Forest as a whole, all low risk ratings are elevated to 
moderate, and moderate is elevated to high risk. Although climate change is outside the ability or authority 
of the Forest to control or influence, Forest management has opportunities to mitigate associated risk by 
maintaining, improving or restoring watershed processes.  

Perennial and Intermittent Streams 
Streams can be classified as perennial, intermittent or ephemeral by seasonal variations of flow.  
Ephemeral streams experience relatively short duration flow only in direct response to surface runoff from 
precipitation or snow melt. Perennial streams typically flow year round as they receive contributions from 
both surface runoff and groundwater. Intermittent streams fall between perennial and ephemeral types 
as groundwater contributions are seasonal. Along the full length of any one stream, there may be stretches 
that could be classified differently. Elevation, bedrock type and topography; bank, floodplain and channel 
bed materials; channel geometry; and the valley size and shape are a few of the factors that can influence 
these flow regimes.  

Streams, especially perennial and intermittent streams, are important water sources that support 
terrestrial, riparian and aquatic ecosystems, as well as human uses. This section is an assessment of where, 
and at what densities these streams exist across the landscape.  

Analysis Methods 

Limited information is available to describe a reference condition for the extent and distribution of these 
water resource features; therefore, an alternative methodology is required. Representativeness and 
redundancy analysis is used instead of departure and trend analysis to facilitate risk assessment.  

Representativeness is descriptive of current conditions, and substitutes for a departure rating. It is based 
on three assumptions: 

1) There is a “representative” range of specific water feature conditions associated with a 
characteristic across the landscape.  

2) A wide range of hydrologic feature conditions will sustain the highest degree of biodiversity. 

3) A higher representativeness, leading to a wider range of conditions, creates a more sustainable 
ecosystem. 
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Representativeness is evaluated by calculating the proportional occurrence of a characteristic on the 
Forest at a given scale (e.g. watershed) compared to that found at the next larger scale (e.g. subbasin). 
The resulting value is a stream density ratio. A rating of proportional, overrepresented, or 
underrepresented is assigned based on how close the resulting value is to one. A value of one indicates 
that the stream density on the Gila NF is similar to the stream density outside the Forest. Values between 
0.9 and 1.1 are considered proportionally represented. The majority of subwatersheds have values in this 
range which was the basis for establishing these thresholds. Values below this range are underrepresented 
and indicate lower stream densities on the Forest as compared to lands off Forest. Values above this range 
are overrepresented and indicate higher stream densities on the Forest as compared to lands off Forest.  

Redundancy describes the distribution of a characteristic across the landscape. It is based on the 
assumption that finding a characteristic in multiple, evenly distributed places increases the likelihood of 
maintaining representativeness and  decreases the risk of losing that characteristic, or a specific condition 
of that characteristic, through a single disturbance event. Either a characteristic is redundant, or it is not. 
This is evaluated by answering the question: does the characteristic occur in every subunit on the Forest 
within the larger area? For example, the Outlet East Fork Gila River watershed contains five 
subwatersheds. Perennial streams are present in four of these watersheds, and are absent in one 
subwatershed; therefore, perennial streams are not considered redundant in the Outlet East Fork Gila 
River watershed.  

What is known about the current and historic distribution of native fishes, analyzed as a key characteristic 
in the following subsection, also provides an important perspective relative to perennial streams. That 
information is used as a “stop-check” to validate or refine the assessment of risk to perennial streams.  

Limitations of the representativeness and redundancy approach include the fact that the assumptions it 
is based on may or may not hold true in the environment. Additionally, it is a purely mathematical analysis 
approach and does not incorporate consideration of system drivers and stressors as do other 
methodologies used in the ecological assessment.  

Plan Area 
Table 125 lists each of the 49 plan area watersheds and displays total watershed area, watershed area 
located on Forest, total perennial and intermittent stream miles and percentage occurring on and off-
Forest. Appendix D contains a table displaying similar information, but also includes subwatersheds with 
the addition of subwatersheds. 

Table 125. Extent and distribution of perennial and intermittent stream miles for plan area 
watersheds and the Gila NF 

 Watershed Area Perennial Stream Miles Intermittent Stream Miles 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total 
On 
Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Plains of San Agustin Subbasin         
Nester Draw 169,190 5,328 3 0.2 0 0 3.8 0.4 10 
Patterson Lake 207,398 78,514 38 0.5 0.5 100 18.5 10.3 56 
Y Canyon 97,476 52,140 38 0 0 -- 0 0 -- 

Elephant Butte Reservoir 
Subbasin   

      

Headwaters 
Alamosa Creek 257,399 40,451 16 1.4 0 0 80.3 17.2 21 

Caballo Subbasin         
Caballo 
Reservoir 247,026 52,993 21 47.8 26.1 55 58.6 21.0 36 



Chapter 6. Water 

 
Gila National Forest Assessment Report – Final  221 

 Watershed Area Perennial Stream Miles Intermittent Stream Miles 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total 
On 
Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Cuchillo Negro 
Creek 236,142 76,046 32 29.7 18.3 62 86.2 44.6 52 
Palomas 
Creek-Rio 
Grande 234,606 57,833 25 49.0 19.5 40 41.6 24.4 59 
Percha Creek 77,379 24,763 32 34.3 9.9 29 16.5 9.1 55 

El Paso-Las Cruces Subbasin         
Cuervo Arroyo-
Rio Grande 226,938 37,572 17 21.2 6.6 31 52.2 6.1 12 

Mimbres Subbasin         
Cow Spring 
Draw-
Seventysix 
Draw 184,549 3,070 2 0 0 -- 0 0 -- 
Gallinas 
Canyon-
Mimbres River 205,881 151,448 74 83.1 74.3 89 73.0 23.2 32 
Headwaters 
San Vicente 
Draw 144,197 26,072 18 4.1 3.6 89 46.5 7.3 16 
Lampbright 
Draw 92,105 2,351 3 0 0 -- 0 0 -- 
Lampbright 
Draw-Mimbres 
River 124,477 20,713 17 1.5 0.1 5 50.1 6.2 12 
Macho Creek 213,735 3,641 2 0 0 -- 0 0 -- 
Outlet San 
Vicente Draw 160,634 1,684 1 0 0 -- 0 0 -- 
Upper 
Seventysix 
Draw 114,409 1,313 1 0 0 -- 0.5 0.5 100 

Little Colorado Headwaters 
Subbasin 

     
  

 

Coyote Creek 147,501 13,510 9 32.6 0.7 2 32.4 0.3 1 
Carrizo Wash Subbasin         

Agua Fria 
Creek 218,968 76,850 35 19.3 6.7 35 2.2 2.0 89 
LA Draw-
Cienega 
Amarilla 160,256 7,918 5 7.4 0.4 6 0 0 -- 
Rito Creek 279,878 37,218 13 6.3 3.7 59 10.5 3.9 37 
Upper Largo 
Creek 98,300 75,156 76 19.3 6.7 35 8.2 2.8 34 

Upper Gila Subbasin         
Beaver Creek 147,638 79,799 54 0 0 -- 5.0 5.0 100 
Corduroy Draw 111,118 68,279 61 11.9 6.7 56 11.4 10.6 93 
Headwaters 
East Fork Gila 
River 193,943 192,473 

99 
68.6 60.2 88 41.1 39.3 96 

Middle Fork 
Gila River 218,844 218,128 >99 96.6 94.1 97 18.5 18.5 100 
Outlet East 
Fork Gila River 104,412 103,887 99 56.4 53.3 94 11.5 11.5 100 
Railroad 
Canyon 89,105 14,046 16 0 0 -- 0 0 -- 
Sapillo Creek 110,693 108,907 98 45.3 40.5 89 15.8 14.4 91 
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 Watershed Area Perennial Stream Miles Intermittent Stream Miles 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total 
On 
Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Sapillo Creek-
Gila River 189,860 181,341 96 139.9 135.3 97 27.2 20.4 75 
West Fork Gila 
River 103,948 102,439 99 86.3 81.0 94 11.9 11.9 100 

Upper Gila-Mangas Subbasin         
Apache Creek-
Gila River 237,306 12,270 5 1.4 0.7 49 125.0 4.9 4 
Bear Creek 103,985 65,069 63 10.5 2.8 26 70.8 46.2 65 
Blue Creek 88,931 3,428 4 20.6 0 0 0 0 -- 
Blue Creek-
Upper Gila 
River 186,504 46,732 25 33.5 11.7 35 42.1 11.2 26 
Duck Creek 144,993 16,862 12 12.4 5.7 46 30.7 0 0 
Mangas Creek 130,597 50,698 39 0.4 0.4 100 31.6 6.0 19 
Sycamore 
Creek-Upper 
Gila River 121,829 3,601 3 17.1 1.1 6 0.5 0.4 94 

Animas Valley Subbasin         
Headwaters 
Burro Cienega 109,203 17,666 16 0 0 0 8.2 0.1 1 
Lordsburg 
Draw 221,184 41,617 19 4.2 2.2 53 0 0 -- 
Outlet Burro 
Cienega 179,037 291 <1 <0.1 0 0 0 0 -- 

San Francisco Subbasin         
Centerfire 
Creek-San 
Francisco 
River 267,108 207,266 78 145.9 64.0 44 119.8 41.1 34 
Deep Creek-
San Francisco 
River 153,321 149,537 98 60.6 49.2 81 20.1 19.3 96 
Headwaters 
Tularosa River 225,391 211,838 94 39.3 10.5 27 25.3 18.4 73 
Lower Blue 
River 198,105 277 <1 90.0 0 0 410.0 0.5 <1 
Mule Creek-
San Francisco 
River 244,422 121,064 50 82.7 51.3 62 161.1 15.4 10 
Outlet 
Tularosa River 184,206 180,493 98 54.6 39.4 72 8.2 8.2 100 
Pueblo Creek-
San Francisco 
River 226,379 198,993 88 81.7 63.5 78 76.5 52.9 69 
Upper Blue 
River 198,049 27,915 14 172.3 9.68 6 363.6 8.7 2 

Total 8,388,553 3,271,497 39 1,688 956.7 57 2,227.4 545.9 25 
 

Perennial stream density is generally higher on Forest largely because it occupies upper watershed areas 
where many streams originate (i.e. headwaters), and where precipitation is higher and temperatures are 
cooler. Cooler temperatures reduce transpiration and evaporative demand which aids in keeping water in 
streams for longer periods. As intermittent streams tend to occur at lower elevation and/or lower positions 
in the watershed, precipitation is generally lower and temperatures warmer. This makes bedrock type and 
topography, bank, floodplain and channel bed materials, channel geometry, and the valley size and shape 
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relatively stronger controls on flow regime. As these characteristics are highly variable from one watershed 
to another, intermittent stream density on the Gila NF is highly variable. The Forest’s contribution to 
sustainability of perennial and intermittent stream miles increases with both percentage of miles and 
contributing watershed area on Forest. 

The results of the representativeness and redundancy analysis for perennial stream miles, described under 
analysis methods, are displayed in Figure 100 and Figure 101 respectively, followed by the same 
information for intermittent stream miles in Figure 102 and Figure 103. Recall that watersheds that are 
proportionally representative have similar stream densities both on and off Forest. Those that are 
underrepresentative have lower stream densities on Forest compared to lands and those that are 
overrepresentative have higher stream densities on Forest as compared to other lands.  
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Figure 100. Representativeness of perennial streams across the plan area 

To maintain readability, private property 
within the admistrative boundary is not 
shown. 
 

Watersheds in white are 
proportionally 
representative 

Watersheds in light gray are 
overrepr.esentative. 

Watersheds in dar1< gray are 
underrepresentative 

Watersheds With hatching 
do not contain any perennial 
stream miles 

Blac~ line is Gila NF 
boundary 
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Figure 101. Redundancy of perennial streams across the plan area 

To maintain readability, private property 
within the admistrative boundary is not 
shown. 
 

Narrative Legend 

Watersheds in white are 
redundant 

Wa\ersheds in gray are 
not redundant 

Watersheds wiih hatchlh.Q 
do not contain any 
perennial stream miles 

BlaCk line is Gila NF 
boundary 
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Figure 102. Representativeness of intermittent streams across the plan area 

To maintain readability, private property 
within the admistrative boundary is not 
shown. 
 

Watersheds in Vvhite are 
proportionally 
representatwe 

Watersheds in light gray 
a.re overrepresentative. 

Watersheds in darK gray 
are underrepresentatwe 

Watersheds with hatching 
do not contain any 
intermittent stream miles 

BlacK line is Gila NF 
boundary 
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Figure 103. Redundancy of intermittent streams across the plan area  

To maintain readability, private property 
within the admistrative boundary is not 
shown. 
 

Narrative Legend 

Watersheds in white are 
redundant 

Watersheds in gray are 
not redundant 

Watersheds With hatching 
do not c_ontain any 
intermittent .stream miles 

Black line is Gila NF 
boundary 
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Context Area 
Table 126 displays perennial stream miles by subbasin, and the portion located within Forest. The Forests 
have been working with the USGS to improve the NHD. As part of this, the Forests have distinguished the 
difference between intermittent and ephemeral streams at the watershed scale. However, this has not 
been done for the context area outside of National Forest System lands. Therefore, similar data for 
intermittent streams at the subbasin level were not available. 

Table 126. Extent and distribution of perennial stream miles for subbasins within the context area 
and the Gila NF 

 Subbasin Area Perennial Stream Miles 

Subbasin Name Total (acres) Gila NF 
(acres) 

Gila NF 
(%) Total On Gila NF % on Gila NF 

Plains of San 
Agustin 1,275,453 135,981 11 0.7 0.5 76 
Elephant Butte 
Reservoir 1,403,516 40,451 3 74.3 0 -- 
Caballo 795,153 211,635 27 160.8 73.8 46 
El Paso-Las 
Cruces 3,542,482 37,572 1 116.0 6.6 6 
Mimbres 4,283,488 210,291 5 98.6 78.0 79 
Little Colorado 
Headwaters 515,246 13,510 3 268.5 0.7 <1 
Carrizo Wash 1,446,531 197,142 14 43.6 14.0 32 
Upper Gila 1,269,561 1,069,298 84 504.9 471.0 93 
Upper Gila-
Mangas 1,311,302 198,660 15 100.9 22.3 22 
Animas Valley 1,449,526 59,574 4 4.2 2.2 52 
San Francisco 1,793,569 1,097,383 61 759.8 287.5 38 

Totals 19,085,827 3,271,497 17 2,132.1 956.7 45 

The Gila NF occupies 17 percent of the context area and contains 45 percent of perennial stream miles. 
The opportunities for the Forest to contribute to sustainability of perennial streams is proportional to the 
percentage of miles and contributing watershed area located on Forest. Opportunities are only indirect in 
the case of Elephant Butte, and relatively small in Little Colorado Headwaters and El Paso-Las Cruces 
subbasins. The Forest’s contributions are greatest in Upper Gila because of the high proportion of both 
watershed area and perennial miles. The Forest is a significant contributor in San Francisco and in Upper 
Gila-Mangas, largely because the Upper Gila drains to it. Despite the relatively small percentage of 
subbasin area on Forest, it remains the primary contributor to sustainability of perennial streams in the 
Mimbres. Regardless of the low number of perennial miles in Animas Valley and Plains of San Agustin, 
these streams are no less important and the Forest is a significant contributor to sustainability. While 
equivalent data is not available to describe the Forest’s opportunities and limitations for intermittent 
streams, they certainly exist in subbasin watersheds that contain intermittent streams on the Forest.  

Risk 
The results of the representativeness and redundancy analysis are applied to the assessment of risk to the 
extent and distribution of perennial and intermittent stream miles using the matrix displayed as Table 127. 
In watersheds that do not contain any perennial or intermittent stream miles within subwatersheds that 
intersect the Forest boundary, there is no risk.  
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Table 127. Risk matrix for representativeness and redundancy analysis results. 
 Redundant Not Redundant 

Proportionally Represented Low Risk Moderate Risk 

Not Proportionally Represented Moderate Risk High Risk 

 

The results of the watershed scale risk assessment are presented in Figure 104 (perennial) and Figure 105 
(intermittent).   
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Figure 104. Risk to perennial streams across the plan area. 

  

Narrative Legend 
 

White indicates low risk 
 
Light gray indicates 
moderate risk 
 
Dark gray indicates high 
risk 
 
Hatching indicates no data 
 
The black line is the Gila 
NF boundary. To maintain 
readability, private 
property within the 
admistrative boundary is 
not shown. 
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Figure 105. Risk to intermittent streams across the plan area. 

  

Narrative Legend 
 

White indicates low risk 
 
Light gray indicates 
moderate risk 
 
Dark gray indicates high 
risk 
 
Hatching indicates no data 
 
The black line is the Gila 
NF boundary. To maintain 
readability, private 
property within the 
admistrative boundary is 
not shown. 
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There is no relationship between risk interpreted from the representativeness and redundancy analysis 
and the status of system drivers or stressors, including Gila NF management. Rather, it is mostly a reflection 
of climatic factors and patterns of land ownership. Private property within the Gila NF administrative 
boundary tends to be located near water sources, which leads to perennial and/or intermittent streams 
to be underrepresented on Forest in some cases where it might appear reasonable to expect proportional 
representation. While Forest management can contribute to the sustainability of water occurring as 
perennial an intermittent streams by maintaining and improving watershed condition, climate change and 
competition between ecological and socio-economic demands for water are the primary stressors 
contributing to risk as discussed in the Chapter 9: System Drivers and Stressors.  

Forest and local unit risk is assessed by assigning each local unit the risk category associated with the 
majority of its area. Based on this approach, the Forest as a whole is associated with a moderate risk, 
Upper Gila local unit is associated with a low risk to perennial streams and all other local units with a 
moderate risk. With respect to intermittent streams, Forest-wide risk is moderate, Upper and Lower Gila 
local units are associated with a low risk and all other local units with a moderate risk. The difference 
between perennial and intermittent stream risk in Lower Gila is a reflection both stream density and 
distribution, not the value these features provide. In general, intermittent streams densities on Forest are 
similar to other lands in this local unit and their distribution is more even than perennial streams.  Given 
the limitations associated with the analysis methodology, and water being essential for ecological 
sustainability in the Southwest, this risk assessment should not be used alone to inform management 
priorities. 

Streamflow 
In general, streamflow has two primary components: base flow and surface runoff. Base flow comes from 
groundwater that flows from springs or directly from the bed and banks of stream channels. Base flow 
maintains streamflow in perennial streams throughout the year and is particularly important during dry 
periods. Surface runoff is the result of rainfall and snowmelt. Surface runoff varies with the total amount 
of rainfall and the intensity, duration and extent of rainfall events. The influence of temperature, 
watershed condition, evapotranspiration rates, as well as soil depth, texture, structure and moisture 
content before the rainfall event are also important factors in determining runoff responses.  

Analysis Methods 

Streamflow can be characterized in terms of the timing, magnitude, frequency, duration, and the 
variability associated with each characteristic. This section focuses on data from the six USGS streamflow 
gages located within the plan area on Mogollon Creek and the San Francisco, Gila, and Mimbres rivers.23 
Figure 106 displays the location of the streamflow gages.  

                                                      
23 All streamflow gages used in this analysis lie within the plan area. One additional streamflow gage occurs within the context 
area on the Gila River near Virden, New Mexico. This gage was not analyzed as the difference in contributing watershed area 
between the Virden and Redrock gages is relatively small. 
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Figure 106. Location of USGS gages used for streamflow analysis 
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Quantitative streamflow records are not available for the time prior to European settlement, which 
necessitates establishing a reference period within the period of record. Since approximately 1990, a 
decreasing trend is observed in the precipitation record, accompanied by an increasing trend in 
temperature. As discussed under the climate change heading in Chapter 9: System Drivers and Stressors, 
mean annual temperature has not dipped below the period of record average since 1992. Based on these 
observations, the year 1990 was selected as the threshold year to define the reference time period for this 
assessment. This is also the threshold year used in developing the Climate Change Vulnerability 
Assessment (CCVA) for the Gila NF (Triepke 2015). The threshold is applied by using pre-1990 data to 
describe the reference period and post-1990 data to describe current conditions. Dividing the single period 
of record into reference and current time periods allows for a description of departure, but a third time 
period is needed to describe any trends.  Trend is assessed using subset of the current time period 
beginning in the year 2000. The year 2000 has been used in other streamflow studies and was selected 
because it allows for the most direct comparison of these analysis results with the more rigorous Flood 
Frequency, Flow Duration, and Trends (England 2002) analysis in the Gila River Fluvial Geomorphology 
Study conducted by the Bureau of Reclamation (BOR). This study is discussed further later in this chapter.  

However, using just six streamflow gages with relatively short periods of record to determine departure 
and trend in streamflow has limitations. A paleostreamflow reconstruction, extending back to the year 
1663 and including the Gila and San Francisco Rivers gages, describes a high degree of natural variability 
in streamflow patterns as a defining characteristic and concluded that the reconstruction was best 
interpreted as a record of drought (Meko and Graybill 1995). Also, the instrumental record very likely 
represents higher than average precipitation period (Meko and Graybill 1995; Cook et al. 2011; Gori et al. 
2014; also see the predominant climate regime discussion in Chapter 9: System Drivers and Stressors). The 
bottom line being that regardless of trends that may be interpreted in the gage data, area hydrology is the 
product of many natural and human caused changes over a much longer period of time than the 
instrumental record reflects. With such limited baseline data and high variability, change (i.e. departure) 
is very difficult to detect (McLean 1981).  

Another consideration for all of gages except the San Francisco River near Reserve gage is that post-fire 
effects from recent uncharacteristic wildfires have altered watershed response and streamflow patterns. 
There is not yet a sufficient period of record to quantitatively describe the magnitude and duration of 
changes in flow, or to differentiate short and long term trends when considering annual and monthly 
values. In light of the limitations associated with the gage data analysis, the most accurate description of 
departure and trends in streamflow considers the gage data analysis, the BOR study (England 2002), 
historic and current distribution of native fishes, and the water quantity indicator from the watershed 
condition classification. Recall that the water quantity indicator provides qualitative documentation of 
altered streamflow resulting from water diversions, water controls and significant wildfire. 

For watersheds with representation in the gage data, departure and trend is initially determined by the 
gage data and refined based on the water quantity indicator and aquatic biota data. If the water quantity 
indicator ratings capture wildfire effects or diversions that are not reflected in the gage data, departure is 
elevated to reflect the indicator rating that represents the largest percentage of the watershed if it is 
different from the gage data interpretation. Where native fish were present and are now completely 
absent, and there are no non-native fish, departure is elevated one category.  For watersheds without 
representation in the gage data, the water quantity indicator and aquatic biota data are used to determine 
departure; again, with the departure category reflecting the indicator score that represents the largest 
percentage of the watershed. (i.e. Functioning Properly equates to low departure, Functioning at Risk 
equates to moderate departure and Impaired Function equates to high departure). The watershed 
condition classification is not suitable to assess trend. Therefore, trends are only defined where the gage 
data is applied. 
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Plan Area 
Average, or mean streamflow values are useful for describing the range of variability in flow characteristics. 
Median values are better for understanding the central tendency; in this case, how much water is typically 
in the stream at a given time and over what period of time. 

At the San Francisco River gage near Reserve, mean annual flow has varied between a minimum of 4.8 
cubic feet per second (cfs) in 2003 to 86.7 cfs in 1983. Median annual flow has varied between a minimum 
of 3.9 cfs (2009) and a maximum of 21 cfs (1983). Flows generally increase along the San Francisco River 
as it travels south and west from Reserve to the gage near Glenwood where the mean annual flow has 
ranged between 12 cfs (1986) and 374.9 cfs (1983). Median annual flows at this gage have varied from 11 
cfs (1956) to 107 cfs (1941). 

At the Mogollon Creek gage near Cliff, mean annual flow has varied between a minimum of 4.3 cfs (2000) 
and 85.2 cfs (1978). Median annual flows have varied between a minimum of 1.3 cfs (2000) and 29 cfs 
(1983). Just above the confluence with Mogollon Creek, mean annual flow at the Gila River gage near Gila 
has varied between 43 cfs (1956) and 413.7 cfs (1993). Median annual flow has varied between 44 cfs 
(1956) and 209 cfs (1941). As the Gila River continues west and south through the Burro Mountains, 
streamflow and variability increase. At the gage near Redrock, mean annual flow has ranged between 50.4 
cfs (1951) and 635.6 cfs (1993) and median annual flows have ranged between 52 cfs (1953) and 318 cfs 
(1941). At the Mimbres River gage near Mimbres, mean annual flows have varied between a minimum of 
3.1 cfs in 2003 and 41.7 cfs in 1992. Median flows have ranged between 3.1 cfs (2003) and 22 cfs (1991).  
Figure 107 illustrates annual variability in mean and median flows at the Mimbres gage across the period 
of record. Appendix D contains equivalent figures for all gages. 

 
Figure 107. Annual mean and median streamflow at the Mimbres River gage near Mimbres, period of record 

1979-201224 

Seasonal variability in mean monthly flow is important as an indicator of the relative importance of 
baseflow, snowmelt and rainfall runoff contributions. Snowmelt contributions to mean monthly 
streamflow are most important from February through April, with the highest flows of the year occurring 
in March at all gages except the Mimbres River gage where snowmelt runoff peaks in February and the 

                                                      
24 The Mimbres River gage near Mimbres has not consistently been in operation since 2012. There is not enough data in 
subsequent years to provide for analysis. 
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highest mean monthly flows occur in August (31.4 cfs) during the summer monsoon season. However, 
flows above 20 cfs are maintained at the Mimbres River gage between January and April, which 
demonstrates that snowmelt runoff remains an important streamflow component. Beginning in May, the 
importance of snowmelt runoff begins to be replaced by baseflow contributions, which are most 
important in June prior to the onset of the summer monsoons when mean monthly flows are at their 
lowest at all gages. 

Rainfall runoff contributions are most important from July through October, with the highest mean 
monthly flow during this period occurring in August for the Mimbres River gage, September for the 
Mogollon Creek and Gila River gages near Gila and Redrock, and October at the San Francisco River gages. 
November and December mean flows are a combination of surface runoff and baseflow at all gages. Figure 
108 illustrates the monthly variability in mean flow for the Gila near Gila gage across the period of record. 
Appendix D contains a table displaying this information for all gages. 

 
Figure 108. Monthly flow at the Gila River gage near Gila, period of record 1928-2014 

High and low flows and the frequency at which they occur are important streamflow characteristics. For 
this assessment, high flow days are considered to be those days where mean flow is equal to or greater 
than the two-year flood return interval. Return intervals are discussed further in Chapter 7: Riparian where 
flood frequency is analyzed as a key characteristic.  

Based on this definition of high flow days, less than one percent of days in the period of record for each 
gage have been high flow days. There have been 21 high flow days at the San Francisco River gage at 
Reserve, 51 at the gage near Glenwood, 3 at the Mogollon Creek gage, 135 at the Gila River gage near Gila, 
44 at the gage near Redrock, and 15 at the Mimbres River gage.  

Low flow days are defined as those days when mean flow is equal to or less than the fifth percentile of the 
period of record. Across the period of record, there have been 1,511 low flow days at the San Francisco 
River gage near Reserve (≤2.5 cfs), 2,035 days near Glenwood (≤13 cfs), 1,447 at the Mogollon Creek gage 
(0 cfs), 1,629 at the Gila River near Gila (≤30 cfs), 1,511 near Redrock (≤20 cfs), and 650 at the Mimbres 
River gage (≤1.7 cfs) 
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Table 128 summarizes the available data for mean and median annual flow, high and low flow days, and 
climatic variables for the Gila near Gila gage. Appendix D contains a table displaying the same information 
for all gages. 

Table 128. A comparison of annual streamflow characteristics and climatic variables at Gila near 
Gila between the reference and current time periods 

   Post-1990 Post-2000 
 

Variable Pre-1990   

Change 
from pre-
1990 (%)   

Change from pre-
1990 (%) 

Gila River near Gila, NM 

 Mean Annual 
Flow (cfs) 149.6 172.5 +15% 144.7 -3% 

 Median Annual 
Flow(cfs) 72 77 +7% 68 -6% 

 

High Flow Days   
(number of 

days/total days 
in period of 

record) 

77/22,645 58/9,130 +87% 28/5,478 +50% 

 

Low Flow Days    
(number of 

days/total days 
in period of 

record) 

1,040/22,645 589/9,130 +40% 455/5,478 +81% 

Southwestern Mountains Climate Division 

 
Mean Annual 
Precipitation 

(in) 
15.1 15.4 +2% 14.3 -5% 

 
Mean Annual 
Temperature 

(°F) 
48.6 49.8 +1.2 50.1 +1.5 

At the San Francisco River near Reserve, mean and median flow have decreased substantially, which is 
consistent with England (2002). This indicates a decreasing trend in streamflow, and variability of flow. 
This is further supported by the dramatic decrease in high flow days and the increase in low flow days. 
Near Glenwood, the San Francisco River gage demonstrates an overall increase in high flow days and mean 
and median flow between the reference and current time period, with a decrease in low flow days. This is 
also consistent with the BOR study (England 2002). However, in the post-2000 time period, high flow days 
and mean and median flow decreased and low flow days increased suggesting a drying trend and a 
reduced variability of flow.  

On Mogollon Creek, mean flow has not changed significantly overall, but has decreased since 2000. 
However, median flow is down 18 percent between reference and current time periods and 33 percent 
since 2000. High and low flow days have both increased. This is indicative of a drying trend and increasing 
variability in flow. At the Gila near Gila gage, mean and median flow have increased between reference 
and current time periods, consistent with the BOR study (England 2002). High and low flow days have also 
increased overall. However, in the 2000-2014 time period, mean and median flows have decreased slightly 
as high and low flow days continued to increase. This may signal the beginning of a drying trend and 
increasing variability in flow. Similar trends and interpretations are associated with the Gila River gage 
near Redrock. The Mimbres River data clearly shows a dramatic drying trend and decreasing variability in 
flow, with low flow days, mean and median flow decreasing between the reference and current time 
period.  
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Periods of record, precipitation and temperature all influence this analysis and the conclusions that may 
be drawn from it. According to the BOR study, which included all of the gages analyzed here except the 
Mimbres gage, precipitation patterns explained streamflow patterns at all gages except the San Francisco 
near Reserve (England 2002). On the other hand, there is some explanatory value in the period of record 
at this gage (1968-2014) given that it includes the relatively wet 1980s but does not include the drought 
of the 1950s. This would inflate the reductions in streamflow and variability, but to what degree is 
uncertain. This is also a likely issue with the Mogollon Creek and Mimbres gage data. Regardless, general 
decreasing trends in precipitation and increasing trends in temperature over the last two decades have 
significantly impacted annual streamflow patterns.  

Average monthly values are also be descriptive of departure and trends in streamflow. Figure 109 
illustrates changes in average monthly streamflow for the San Francisco near Glenwood. Appendix D 
contains similar figures for all gages. 

 
Figure 109. Mean monthly streamflow at the San Francisco gage near Glenwood (period of record 

1928-2014) and mean monthly precipitation and temperature Southwestern Mountains climate 
division (period of record 1895-2014) 

When comparing the post-2000 subset of the current time period to the reference period, several general 
trends are observed: average streamflow has decreased in the winter and spring months (December-May), 
peak snowmelt runoff is occurring earlier and the snowmelt runoff period is decreasing, and the duration 
of late spring-early summer low flow periods are increasing. These changes are consistent with climate 



Chapter 6. Water 

 
Gila National Forest Assessment Report – Final  239 

change projections and have enormous ecological and socioeconomic implications. During monsoon 
months (July-September) streamflow variability reflects variability of monsoon patterns and may be 
increased, decreased or the same between all time periods. 

As described under analysis methods, the gage data, the historic and current distribution of native fishes, 
and the water quantity indicator from the 2016 watershed condition classification are used describe 
departure and trend in streamflow. The results are discussed following Figure 110 which displays the 
results graphically.  
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Figure 110. Departure and trend in streamflow for plan area watersheds 

 

Narrative Legend 

White = low departure; 
unknown trend 
Light gray = moderate 
departure; unknown trend  
Dark gray = high 
departure; unknown trend  
Black = high departure; 
trending away from 
reference 
Hatching = no data 
The black line is the Gila 
NF Boundary To maintain readability, private 

property within the admistrative 
boundary is not shown. 
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There is no gage data or watershed condition classification data to describe departure and trend in 
streamflow for Outlet Burro Cienega, Upper Seventysix Draw, or Outlet San Vincente Draw. Centerfire 
Creek-San Francisco River is the only watershed represented by the San Francisco River gage near Reserve. 
The Outlet Tularosa River watershed enters the San Francisco River just below the gage. Based on the gage 
data analysis and the conclusion drawn by England (2002) that this was the only gage in his study where 
trends could not be explained by precipitation patterns, Centerfire Creek-San Francisco River is in high 
departure and trending away from reference. This watershed contains water control structures in many of 
its drainages that alter streamflow, however, these structures were in place during the reference period. 
Therefore, like precipitation patterns, they cannot fully explain changes in streamflow. This watershed also 
experienced further alteration in some areas following the 2011 Wallow Fire. As mentioned previously 
under the Analysis Methods heading, not enough time has passed for changes due to recent wildfires to 
be reflected in annual and monthly values.  

Departure and trend in the remaining watersheds in the San Francisco subbasin are based on the water 
quantity indicator. England concluded that the variability at the San Francisco River gage near Glenwood 
could be explained by precipitation patterns (2002), most or all of the water controls and diversions that 
occur, were already in place during the reference period and the only events that have happened in the 
current time period with the ability to create changes in streamflow at this scale are large extents of high 
and moderate burn severity, such as occurred in the 2012 Whitewater Baldy Complex Fire. While 
watersheds will regain function overtime, hydrologic response to precipitation may be never return to pre-
fire conditions in some watersheds. This will depend on the extent and severity of soil erosion and changes 
to stream channel shape and function. Existing diversions in these watersheds are known to reduce flow 
and in some places, remove all of the surface flow in the San Francisco River during parts of the year. This 
usually occurs during low flow periods coinciding with the growing (irrigation) season.  

A similar approach as was taken with watersheds represented by the San Francisco near Reserve gage was 
used for watersheds that had representation in the Gila River near Gila and Gila River near Redrock gage 
data for the same reasons. Of those watersheds represented by the Gila River near Gila gage, nearly all 
are in moderate departure due to post-fire effects of the Whitewater Baldy Complex Fire. In Beaver Creek, 
departure was elevated from low to moderate based on data previously documenting desert sucker, 
headwater chub, longfin dace and speckled dace. No native or non-native fish are currently known to 
occupy streams in this watershed. Of those watersheds represented by the Gila River near Redrock gage, 
Sycamore Creek-Gila River is the only watershed in high departure. This is due to water controls and 
diversions, the most significant of which is associated with Bill Evans Lake and ongoing mining activities at 
Tyrone, New Mexico. The dams constructed by the New Mexico Department of Game and Fish that create 
Quemado Lake, Snow Lake, Lake Roberts, and Bear Canyon Dam Reservoir also alter flow to varying extents 
in the Upper Largo, Middle Fork Gila River, Sapillo Creek and Gallinas Canyon-Mimbres River watersheds 
respectively.  

Gallinas Canyon-Mimbres River is the only watershed represented by the Mimbres River gage. Since this 
gage was not part of the BOR study (England 2002), it is considered to be in high departure and trending 
away from reference based on this gage data analysis. There are small diversions in this watershed and 
the 2013 Silver Fire has contributed to alteration of streamflow in this watershed. The Silver Fire has also 
altered flow in Lampbright Draw-Mimbres River, Caballo Reservoir, Percha Creek and Cuervo Arroyo-Rio 
Grande watersheds. Tailings piles from historic mining activity in the Cold Springs drainage of Lampbright 
Draw-Mimbres River also contribute to departure in streamflow.  

Context Area 
Current streamflow conditions for the San Francisco, Upper Gila and Upper Gila-Mangas subbasins are 
represented by the gage data analysis. Based on the watershed departure rating representing the largest 
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percentage of these subbasins, the San Francisco and Upper Gila are in moderate departure with an 
unknown trend and Upper Gila-Mangas is in low departure with an unknown trend. In the Little Colorado 
Headwaters, departure in streamflow is likely greater outside the Gila NF than within it (low departure) 
due to more stream miles, water controls and diversions and greater extents affected by the 2011 Wallow 
Fire. In Carrizo Wash, Plains of San Agustin, Elephant Butte Reservoir, Caballo, El Paso-Las Cruces Animas 
Valley subbasins, there is no stream gage data, watershed condition classification or aquatic biota 
information sufficient to describe current conditions. Some assumptions could be made regarding water 
controls and diversions, which are likely to occur at higher densities off Forest. Likewise, some assumptions 
could be made about large extents of high and moderate burn severity which are more likely to occur on 
Forest than on other lands. However, current conditions at the subbasin scale are not quantifiable based 
on existing information. Opportunities and limitations regarding the Gila NF’s ability to contribute to 
ecological integrity and sustainability are the same factors discussed previously in the watershed condition 
and perennial and intermittent streams.  

Risk 
Risk to streamflow integrity and its ability to continue providing current levels of ecosystem services is 
assessed at the watershed scale using the matrix displayed as Table 129.   

Table 129. Streamflow risk matrix. 
Departure Trend Toward 

Reference 
Trend Unknown or 

Static 
Trend Away from 

Reference 
High Risk Addressed High Risk Very High Risk 

Moderate Risk Addressed  Moderate Risk High Risk 

Low Low Risk Low Risk Moderate Risk 

 

The results of the risk assessment can be interpreted graphically from Figure 110 above, with the 
watersheds in white at low risk, light gray at moderate risk, dark gray at high risk and black at very high 
risk.  This risk is can be attributed primarily to current climate, existing water controls and diversions.  
Changes to the distribution and length of time snow stays on the ground at the higher elevations resulting 
from large, contiguous extents of stand replacement fire (high and moderate burn severities) contributes 
to risk. Current management is also a risk factor in the sense that the large extents of high and moderate 
burn severity that occurred as the result of recent wildfires were due to the legacy of past fire suppression 
and drought conditions. Wildfire risk can be reduced through managed, low severity fire, whether 
prescribed or allowing wildfires to burn under favorable conditions, which reduces the risk of large extents 
of high and moderate burn severity. Risk to streamflow due to post-fire effects lessens with years, but 
recovery of stream channel shape and function may require decades. Departure in stream channel shape 
and function alters the connections between groundwater and surface water. Stream bed elevations raised 
by sediment deposition (aggradation) or lowered by erosion (degradation) have the potential to lead to 
drying of the system.  

There is always a degree of risk associated with natural cycles of drought. However, this risk does not 
incorporate climate change which is predicted to increase the frequency, severity and duration of droughts 
(IPCC 2007; Seager et al. 2007), alter precipitation patterns, and thereby timing, quantity, duration and 
distribution of available water. A moderate or greater vulnerability to climate change at the watershed 
scale (see Chapter 9: System Drivers and Stressors) elevates risk one category. This is the case for all Gila 
NF watersheds. Table 130 displays the percentage of the Forest and each local unit in each risk category, 
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without the consideration of climate change. Again, a moderate or greater vulnerability to climate change 
elevates risk one category which is the case for all local units and the Forest as a whole.  

Table 130. Percentage of local unit and Forest area in each streamflow risk category. 
Local Unit Low Risk Moderate Risk High Risk Very High Risk 

Apache 35 36 0 29 

Little Colorado-San 
Agustin Fringe 

56 19 0 25 

Mogollon Front 27 36 38 0 

Black Range 49 11 14 26 

Upper Gila 0 100 0 0 

Lower Gila 44 55 1 0 

Gila NF Total 34 50 8 11 
 
Recall that high and very high risk are differentiated by whether or not there is a trend away from reference 
(Table 129). All watersheds in high departure that contribute area to the Apache and Little Colorado-San 
Agustin Fringe local units are trending away from reference.  

Waterbodies 
Waterbodies on the Gila NF are nearly all constructed features, although a few natural depressions do 
occur that may hold water seasonally. Because these are constructed features and did not exist prior to 
European settlement, waterbodies are not analyzed as a key characteristic; their very existence represents 
a departure from the reference period. However, they are important ecological features. Most 
waterbodies are earthen tanks built to provide livestock water (i.e. stock tanks), with a secondary benefit 
of providing water to wildlife. Not all stock tanks hold water year round. Some are poorly located or 
designed, and many are in need of maintenance. The most reliable livestock tanks are associated with 
areas of groundwater discharge, such as springs. A few have been stocked with non-native fish for 
recreational purposes by the New Mexico Department of Game and Fish (NMDGF). NMDGF also 
constructed, and has the management responsibility for dams that create the three lakes or reservoirs 
located, entirely or in part, on the Forest for recreational fisheries purposes. These lakes are Quemado 
Lake, Snow Lake and Lake Roberts.  

While constructed waterbodies provide the benefit of storage, making surface water available to livestock, 
wildlife and for recreational purposes over a longer period of time, they alter natural patterns of water 
flow. Constructed waterbodies reduce the amount of water flowing downstream, which can be both 
positive and negative. These features may serve to attenuate floodwaters and potentially reduce negative 
flooding impacts to human life and property downstream. On the other hand, these features negatively 
impact natural streamflow patterns, hydrologic connectivity of stream systems, aquatic habitat 
connectivity, and tend to increase evaporative losses and reduce groundwater recharge. The most 
significant instances of these negative ecological impacts occurring on the Forest are captured by the water 
quantity indicator of the watershed condition classification.  

The Forest does not have an inventory of storage capacity and condition related to all stock tanks located 
within its boundaries, but is currently conducting an inventory in the Gila-San Francisco River basin. 
According to NHD, 18 percent of context area waterbodies occur on the Gila NF which is roughly 
proportional to the 17 percent (Table 121) of the context area the Forest occupies. Appendix D contains 
tables displaying information from the NHD about the number of waterbodies within the context and plan 
areas, both on and off-Forest. 
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Surface Water Quality 
The primary source of water pollution on National Forest System lands are nonpoint source pollutants. 
Nonpoint source pollutants are those which cannot be traced back to a single point, such as pipes or 
ditches from industrial or sewage treatment sources. Nonpoint source pollution is caused by water moving 
over and through the ground and carrying natural and human-made pollutants into streams and 
waterbodies, and remains the nation’s largest source of water quality problems. Common nonpoint source 
pollutants include temperature (too warm), sediment, metals, bacteria and nutrients. Activities potentially 
generating nonpoint source pollutants on the Forest include: mining activities, fire, grazing, roads, timber 
and fuelwood harvesting, recreational uses and ground disturbance generated by off-highway vehicle use.  

The Federal Clean Water Act is administered by the Environmental Protection Agency (EPA) although the 
EPA delegates many functions to the Army Corps of Engineers and State governments. The New Mexico 
Water Quality Control Commission sets standards which define water quality goals by designating uses 
(e.g. domestic water supply, irrigation, livestock watering, wildlife habitat, and aquatic life), setting criteria 
to protect those uses, and establishing provisions to preserve water quality. Use Attainability Studies are 
conducted on a three year rotating basis to examine water quality standards for changes to reflect new 
technology, data or scientific understanding. The current standards were established in 2013.  

Every two years, the New Mexico Environment Department’s Surface Water Quality Bureau prepares an 
assessment of the quality of the state’s surface waters, which includes a list of impaired waters. Impaired 
waters are those waters determined to be in non-attainment of standards for one or more of their 
designated uses. Limitations associated with budget and personnel mean that not all waters are assessed 
in any given two year cycle. The state water quality assessment is released in a document called the State 
of New Mexico Clean Water Act 303(d)/305(b) Integrated List and Report. The most current 303(d)/305(b) 
Integrated List and Report (2014-2016) is available at https://www.env.nm.gov/swqb/303d-305b/2014-
2016/index.html. 

Analysis Methods 
There is no information regarding surface water quality sufficient to describe a reference condition; 
therefore the regulatory standard is used to describe reference and current conditions. The same 
thresholds used in the vegetation analysis are applied here to define low, moderate and high departure 
for watersheds based on the percentage of subwatersheds that intersect the Forest boundary and contain 
impaired streams:  

 0-33% of subwatersheds contain impaired streams=low departure 

 34-66% of subwatersheds contain impaired streams=moderate departure 

 >66% of subwatersheds contain impaired streams=high departure 

While this analysis explores causes of impairment, cause is not used to determine departure (or risk). 
Departure is based solely on whether or not subwatersheds contain impaired stream miles, regardless of 
whether those miles are listed for a single cause or multiple causes. Causes are explored for informational 
value that may be considered when developing plan components.   

Departure from the regulatory reference condition does not necessarily imply trend. Changes in the water 
quality standards and methods of measurement have resulted in streams being added and removed from 
the 303(d) list without any actual changes in biological, chemical, or physical water quality parameters 
(NMED 2014b). In fact, 67 percent of the roughly 168 miles of impairments in Upper Gila and San Francisco 
subbasins removed from the 303(d) in 2014 were de-listed due to changes in standards and measurement 
methods.  

https://www.env.nm.gov/swqb/303d-305b/2014-2016/index.html
https://www.env.nm.gov/swqb/303d-305b/2014-2016/index.html
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The watershed condition classification’s water quality indicator allows Forests to document water quality 
concerns that have not resulted in a 303(d) listing (Potyondy and Geier 2011). In watersheds without any 
303(d) listings, if more than 33 percent of subwatersheds intersecting the Forest boundary have water 
quality concerns documented by the Gila NF’s water quality indicator, departure is considered moderate. 
Otherwise, departure in these watersheds without 303(d) listings is low as described above. 

Plan Area 
Of the nearly 1,546 total miles of assessed streams in plan area watersheds, 42 percent occur on the Gila 
NF. Of the assessed stream miles located on the Gila NF, approximately 286 miles, or 44 percent are 
meeting all water quality standards. Approximately 364 miles, or 56 percent are listed as impaired for one 
or more reasons. The Middle Fork Gila River, West Fork Gila River, Outlet East Fork Gila River and Sapillo 
Creek-Gila River watersheds account for nearly 59 percent of the total impaired miles on the Forest, most 
of which occur in the Gila and Aldo Leopold Wilderness areas. Water quality conditions for stream miles 
not assessed is unknown because no data has been collected on miles not assessed. Miles of assessed 
streams, those that are meeting all State water quality standards and impaired miles for plan area 
watersheds are displayed in Table 131. Appendix D contains a similar table that includes subwatersheds. 
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Table 131. Miles of assessed streams, those that are meeting all State water quality standards and impaired miles for plan area 
watersheds. 

Watershed Name 

Gila NF % 
of 

Watershed 

Assessed Stream Miles 
Miles Meeting All 

Water Quality 
Standards 

Impaired Miles  
[303(d) listed] 

Total  Gila NF  Total  Gila NF  Total  Gila 
NF  

Plains of San Agustin Subbasin   
 

    

Nester Draw 3 0 0 0 0 0 0 
Y Canyon 0 0 0 0 0 0 0 
Patterson Lake 0 0 0 0 0 0 0 

Elephant Butte Reservoir Subbasin        
Headwaters Alamosa Creek 16 0.1 0 0.1 0 0 0 

Caballo Subbasin        

Cuchillo Negro Creek 32 1.2 0 1.2 0 0 0 
Palomas Creek-Rio Grande 25 38.5 0 23.8 0 14.7 0 
Percha Creek 32 24.7 0 24.7 0 0 0 
Caballo Reservoir 21 62.7 10.8 12.9 0 49.8 10.8 

El Paso-Las Cruces Subbasin        
Cuervo Arroyo_Rio Grande 17 48.8 9.1 36.8 9.1 12.0 0 

Mimbres Subbasin        
Gallinas Canyon-Mimbres River 74 93.4 60.6 45.8 43.0 47.6 17.6 
Headwaters San Vicente Draw 18 5.4 0 3.5 0 1.9 0 
Outlet San Vicente Draw 1 24.2 <0.1 24.2 <0.1 0 0 
Lampbright Draw 3 0 0 0 0 0 0 
Lampbright Draw-Mimbres River 17 31.4 6.5 10.5 4.8 20.9 1.7 
Macho Creek 0 0 0 0 0 0 0 
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Watershed Name 

Gila NF % 
of 

Watershed 

Assessed Stream Miles 
Miles Meeting All 

Water Quality 
Standards 

Impaired Miles  
[303(d) listed] 

Total  Gila NF  Total  Gila NF  Total  Gila 
NF  

Upper Seventysix Draw 1 0 0 0 0 0 0 
Cow Spring Draw-Seventysix Draw 2 0 0 0 0 0 0 

Little Colorado Headwaters Subbasin        
Coyote Creek 9 0 0 0 0 0 0 

Carrizo Wash Subbasin        
Rito Creek 13 0 0 0 0 0 0 
Upper Largo Creek 76 32.7 11.6 32.7 11.6 0 0 
Agua Fria Creek 35 0 0 0 0 0 0 
LA Draw-Cienega Amarilla 5 0 0 0 0 0 0 

Upper Gila Subbasin        
Railroad Canyon 16 <0.1 0 0 0 <0.1 0 
Corduroy Draw 61 0 0 0 0 0 0 
Beaver Creek 54 24.6 2.4 0 0 24.6 2.4 
Headwaters East Fork Gila River 99 88.8 79.3 45.6 43.4 43.2 35.9 
Middle Fork Gila River 100 84.7 81.6 20.3 20.3 64.4 61.3 
West Fork Gila River 99 61.8 57.2 25.4 25.2 36.4 32.0 
Outlet East Fork Gila River 99 41.8 39.0 0 0 41.8 39.0 
Sapillo Creek 98 11.8 7.6 11.8 7.6 0 0 
Sapillo Creek-Gila River 96 75.2 72.2 <0.1 <0.1 75.2 72.2 

Upper Gila-Mangas Subbasin 15 200.8 20.6 93.9 9.3 106.9 11.3 
Bear Creek 63 30.4 8.3 30.4 8.3 0 0 
Duck Creek 12 0 0 0 0 0 0 
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Watershed Name 

Gila NF % 
of 

Watershed 

Assessed Stream Miles 
Miles Meeting All 

Water Quality 
Standards 

Impaired Miles  
[303(d) listed] 

Total  Gila NF  Total  Gila NF  Total  Gila 
NF  

Mangas Creek 39 24.9 1.0 18.5 0.9 6.4 0.1 
Sycamore Creek-Upper Gila River 3 8.4 1.0 0.1 0 8.3 1.0 
Blue Creek 4 28.7 0 28.7 0 <0.1 0 
Blue Creek-Upper Gila River 25 28.8 10.2 0 0 28.8 10.2 
Apache Creek-Gila River 5 28.2 0 0 0 28.2 0 

Animas Valley Subbasin        
Headwaters Burro Cienega 16 5.6 1.2 5.6 1.2 0 0 
Outlet Burro Cienega <1 3.4 0 3.4 0 0 0 
Lordsburg Draw 19 0 0 0 0 0 0 

San Francisco Subbasin        
Headwaters Tularosa River 94 28.7 9.1 26.5 8.7 2.2 0.4 
Outlet Tularosa River 98 55.0 41.1 8.3 7.9 46.7 33.2 
Centerfire Creek-San Francisco River 78 133.3 53.2 83.2 25.6 50.1 27.6 
Deep Creek-San Francisco River 98 27.6 20.6 21.0 17.6 6.6 3.0 
Upper Blue River 14 176.1 9.1 167.0 9.1 0 0 
Pueblo Creek-San Francisco River 88 70.3 47.6 50.2 37.4 20.1 10.2 
Lower Blue River <1 33.4 0 8.1 0 25.3 0 
Mule Creek-San Francisco River 50 98.4 22.2 87.1 17.2 11.3 5.0 
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Table 132 displays watershed total and Gila NF impaired miles by cause of impairment. Stream miles do 
not include those through waterbodies. Water quality for waterbodies is discussed separately. Miles by 
cause do not always add up to the total impaired miles because some are impaired for more than one 
reason. For example, there are 19.5 miles of the East Fork Gila River in the (Headwaters East Fork Gila River 
watershed that are impaired for both temperature and nutrients/eutrophication. These same 19.5 miles 
are listed twice, once under temperature and once under nutrients/eutrophication. The purpose for 
counting miles by cause is not to inflate the overall picture of water quality concerns on the Forest. The 
purpose of examining the extent of different causes of impairment is to provide a picture of how each 
cause contributes to water quality issues. Different causes may require different management approaches 
to address. Of the nearly 185 total stream miles within the plan area listed for more than one cause of 
impairment, approximately 99 miles occur on Forest.  Causes are described and discussed following the 
table.  
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Table 132. Plan area watershed total and Gila NF impaired stream miles by cause of impairment 
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Plains of San Agustin Subbasin                  

Nester Draw 0 - - - - - - - - - - - - - - - - - - - - 

Y Canyon 0 - - - - - - - - - - - - - - - - - - - - 

Patterson Lake 0 - - - - - - - - - - - - - - - - - - - - 

Elephant Butte Reservoir Subbasin                  

Headwaters 
Alamosa Creek 

0 - - - - - - - - - - - - - - - - - - - - 

Caballo Subbasin                  

Cuchillo Negro 
Creek 

0 - - - - - - - - - - - - - - - - - - - - 

Palomas 
Creek-Rio 
Grande 

14.7 - - - - - - - - 14.7 0 - - - - - - - - - - 
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Percha Creek 0 - - - - - - - - - - - - - - - - - - - - 

Caballo 
Reservoir 

33.6 - - 16.2 10.8 - - - - 6.6 0 - - - - - - - - - - 

El Paso-Las Cruces Subbasin                  

Cuervo 
Arroyo-Rio 

Grande 
11.9 - - - - - - - - - - 11.9 0 - - - - - - - - 

Mimbres Subbasin                  

Gallinas 
Canyon-

Mimbres River 
47.4 - - - - - - - - - - 11.9 0 8.7 11.9 21.6 5.6 - - - - 

Headwaters 
San Vincente 

Draw 
1.9 - - - - - - - - - - - - 1.9 0 - - - - - - 
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Outlet San 
Vincente Draw 

0 - - - - - - - - - - - - - - - - - - - - 

Lampbright 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 

Lampbright 
Draw-Mimbres 

River 
20.9 - - - - 5.9 1.7 - - - - 13.3 0 - - 13.3 0 - - - - 

Macho Creek 0 - - - - - - - - - - - - - - - - - - - - 

Upper 
Seventysix 

Draw 
0 - - - - - - - - - - - - - - - - - - - - 

Cow Spring 
Draw-

Seventysix 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 
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Little Colorado Headwaters Subbasin                 

Coyote Creek 0 - - - - - - - - - - - - - - - - - - - - 

Carrizo Wash Subbasin                  

Rito Creek 0 - - - - - - - - - - - - - - - - - - - - 

Upper Largo 
Creek 

0 - - - - - - - - - - - - - - - - - - - - 

Agua Fria 
Creek 

0 - - - - - - - - - - - - - - - - - - - - 

LA Draw-
Cienega 
Amarilla 

0 - - - - - - - - - - - - - - - - - - - - 

Upper Gila Subbasin                   

Railroad 
Canyon1 <0.1* - - - - - - - - - - - - - - <0.1* 0 - - - - 



Chapter 6. Water 

 
Gila National Forest Assessment Report – Final  254 

W
at

e
rs

h
e

d
 N

am
e 

To
ta

l I
m

p
ai

re
d

 S
tr

e
am

 M
ile

s 

Impaired Stream Miles by Cause of Impairment 

A
lu

m
in

u
m

 

B
e

n
th

ic
 

M
ac

ro
in

ve
rt

e
b

ra
te

 
C

o
m

m
u

n
it

y 

C
ad

m
iu

m
 a

n
d

 L
e

ad
 

C
o

n
d

u
ct

an
ce

 

D
is

so
lv

e
d

 O
xy

ge
n

 

E.
 c

o
li 

b
ac

te
ri

a 

N
u

tr
ie

n
ts

 a
n

d
 

Eu
tr

o
p

h
ic

at
io

n
 

Te
m

p
er

at
u

re
 

Tu
rb

id
it

y 
o

r 
Su

sp
e

n
d

e
d

 
Se

d
im

e
n

t 
C

o
n

ce
n

tr
at

io
n

 

Se
d

im
e

n
t 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

Corduroy 
Canyon 

0 - - - - - - - - - - - - - - - - - - - - 

Beaver Creek 24.6 - - - - - - - - - - - - - - 22.2 2.4 - - - - 

Headwaters 
East Fork Gila 

River 
43.2 - - 3.0 6.4 - - - - - - - - 2.9 19.5 4.3 29.5 - - - - 

Middle Fork 
Gila River 

64.4 1.4 5.8 - - - - - - - - - - 1.0 13.1 2.1 48.2 - - - - 

West Fork Gila 
River 

36.4 - - 0 <0.1 - - - - - - - - - - 4.4 32.0 - - - - 

Outlet East 
Fork Gila River 

41.8 - - 2.7 14.0 - - - - - - - - - - 0.1 25.0 - - - - 

Sapillo Creek 0 - - - - - - - - - - - - - - - - - - - - 

Sapillo Creek-
Gila River 

75.2 1.1 15.6 - - - - - - - - - - - - 1.9 56.6 - - - - 
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Upper Gila-Mangas Subbasin                   

Bear Creek 0 - - - - - - - - - - - - - - - - - - - - 

Duck Creek 0 - - - - - - - - - - - - - - - - - - - - 

Mangas Creek 6.4 - - - - - - - - - - - - 6.3 0.1 6.3 0.1 - - - - 

Sycamore 
Creek-Upper 

Gila River 
15.9 - - - - - - - - - - - - - - 14.9 1.0 - - - - 

Blue Creek <0.1 - - - - - - - - - - - - - - <0.1 0 - - - - 

Blue Creek-
Upper Gila 

River 
28.8 - - - - - - - - - - - - 9.4 10.2 18.6 10.2 - - - - 

Apache Creek-
Gila River 

28.2 - - - - - - - - - - 28.2 0 - - - - 6.6 0 - - 

Animas Valley Subbasin                    
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Headwaters 
Burro Cienega 

0 - - - - - - - - - - - - - - - - - - - - 

Outlet Burro 
Cienega 

0 - - - - - - - - - - - - - - - - - - - - 

Lordsburg 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 

San Francisco Subbasin                  

Headwaters 
Tularosa River 

2.2 - - - - - - - - - - 1.8 0.4 - - 1.8 0.4 1.8 0.4 - - 

Outlet 
Tularosa River 

46.7 - - - - - - - - - - 11.6 22.7 - - 13.5 33.2 10.9 8.9 - - 

Centerfire 
Creek-San 
Francisco 

River 

50.6 - - 5.4 9.3 - - 8.1 8.0 - - 17.6 18.3 8.1 8.0 19.2 30.6 13.8 18.3 8.1 8.0 
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Deep Creek-
San Francisco 

River 
6.6 - - - - - - - - - - 3.6 3.0 - - - - - - - - 

Upper Blue 
River 

0 - - - - - - - - - - - - - - - - - - - - 

Pueblo Creek-
San Francisco 

River 
20.1 - - 4.3 1.3 - - - - - - - - - - - - - - 5.5 8.9 

Lower Blue 
River 

25.3 - - - - - - - - - - 25.3 0 - - - - - - - - 

Mule Creek-
San Francisco 

River 
11.3 - - 0.1 0.7 - - - - 6.3 4.2 - - - - - - - - - - 

Total 658.1 2.5 21.4 31.7 42.5 5.9 1.7 8.1 8.0 27.6 4.2 113.3 44.4 38.3 62.8 144.2 232.6 33.1 27.6 13.6 16.9 

 

1 This impairment in the Railroad Canyon watershed measures (0.03 miles), which represents a discrepancy between the NHD database and the water quality geospatial data as 
the NHD does not show any perennial or intermittent miles in this watershed.



Chapter 6. Water 

 
Gila National Forest Assessment Report – Final  258 

Temperature is the number one cause of impairment on and off the Forest in plan area watersheds. Sixty 
two percent of temperature impairments in plan area watersheds occur on Forest. Streams listed as 
impaired due to temperature in the context and plan area are too warm to support their designated 
aquatic life uses. Temperature is important to aquatic species as most cannot regulate their own body 
temperatures. It also serves as a cue for certain biological processes and influences water chemistry 
characteristics such as dissolved oxygen concentrations. It is the sole cause of impairment in Beaver Creek, 
West Fork Gila River, Railroad Canyon25, Sycamore Creek- Upper Gila River, Blue Creek and Blue Creek-
Upper Gila River watersheds. It is the most common cause of impairment in Gallinas Canyon-Mimbres 
River, Lambright Draw-Mimbres River, Headwaters East Fork Gila River, Outlet East Fork Gila River, Middle 
Fork Gila River, Sapillo Creek Gila River, Mangas Creek and Outlet Tularosa River watersheds. It contributes 
to multiple causes of impairment in Headwaters Tularosa River and Centerfire Creek-San Francisco River 
watersheds, which has the most impairment causes of any watershed.  

Temperature impairments may be caused by reduction in riparian canopy cover and shade over water, or 
changes in stream channel shape and function. Relatively wide shallow streams absorb more heat energy 
from the sun than relatively deep, narrow streams. Stream temperatures can also be elevated during low 
flow periods associated with seasonal precipitation patterns. There are also factors associated with 
measuring stream temperature that can lead to exceedances of the State standards, particularly the 
location of the temperature recorder in the stream. Most of the temperature impairments on the Forest 
occur within designated wilderness areas where fire and recreation are the only human activities. Nearly 
all of these impairments were first documented between 1996 and 2010 (NMED 2014b), prior to large 
extents of high and moderate burn severities in the watersheds containing these streams. At the time of 
the first documented impairments, these streams very likely expressed potential natural temperature 
conditions. Temperature water quality standards for most listed streams on the Forest are under review 
(NMED 2014b). However, whether or not changes in water quality standards occur, it is quite possible that 
temperature impairments will still exist on the Forest as watersheds, riparian areas and stream systems 
impacted by post-fire effects stabilize. 

Nutrients and eutrophication are the second leading cause of impairment on the Forest. Excessive 
concentrations of nutrients necessary for plant growth may lead to eutrophication. Eutrophication is the 
process by which streams and waterbodies accumulate high concentrations of plant nutrients leading to 
excessive growth of algae (algal blooms). Algal blooms eventually deplete dissolved oxygen which leads to 
the death of aquatic organisms. This process occurs naturally, but human activity can accelerate the 
process. Nutrients chemically bond to soil particles, and often enter streams attached to sediment. 
Pollutant concentrations, including nutrients, also increase during low flow periods. Human activities that 
could potentially contribute plant nutrients to streams through nonpoint source pathways include mining 
activities, fire, grazing, roads, timber and fuelwood harvesting, recreational uses, septic systems, and 
ground disturbance generated by off-highway vehicle use. However, as it is primarily a nonpoint source 
pollutant, it would take intensive studies to determine the exact source along any given stream.  

Dissolved oxygen is essential to aquatic life. Nutrients and the process of eutrophication, as well as 
temperature influence dissolved oxygen concentrations. The more advanced the eutrophication process 
and the warmer the temperatures, the less dissolved oxygen. Groundwater and surface water interactions 
also influence dissolved oxygen concentrations.  Only the Mule Creek-San Francisco watershed contains 
streams located on the Gila NF impaired for dissolved oxygen.  

Conductance is a measure of water’s ability to carry an electrical current. The ability of water to carry an 
electrical current is directly related to the concentration and type of dissolved salts and inorganic 
                                                      
25 This impairment in the Railroad Canyon watershed measures (0.03 miles), which represents a discrepancy between the NHD 
database and the water quality geospatial data as the NHD does not show any perennial or intermittent miles in this watershed. 
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compounds (solutes) contained in the water. Most streams maintain a fairly constant conductivity and any 
changes may be one of the first indicators of water quality issues. Most aquatic organisms can only survive 
within specific ranges of solute concentrations. Potential sources of solutes include all human activities 
identified as potential sources of nutrients, as well as natural geologic sources. Centerfire Creek-San 
Francisco  watershed is the only one containing streams that are impaired due to conductance, which is 
only one of seven reasons why impaired streams in this watershed are not meeting water quality standards 
for their designated uses.  

E. coli is a bacteria used as an indicator of contamination and health risk. Streams within the context and 
plan area that contain concentrations of E. coli that exceed the state standards are not meeting their 
designated use of primary (e.g. swimming) or secondary (e.g., wading) contact. It is a much larger problem 
off Forest (72 percent of all impairments) than on Forest (28 percent of impairments). Fecal matter may 
introduce E. coli and pathogens making people, wildlife and livestock potential sources of pollution. While 
septic systems occurring off-Forest have been identified as a probable source of nutrients contributing to 
water quality issues in the Mangas Creek watershed (NMED 2014b), septic systems have not been 
identified as a probable source of E. coli within plan area watersheds (NMED 2014b).  

Benthic macroinvertebrates are aquatic organisms without backbones that live on the bottom of 
waterbodies. They have many important ecological functions and are found in all but the harshest or 
severely polluted streams. The size and composition of the benthic macroinvertebrate community serve 
as an indicator of water quality. Within a stream, the composition of benthic macroinvertebrate 
community is directly related to the water quality characteristics. For example, some families of 
invertebrates are found in high abundance in streams that are cold with a cobble substrate that have high 
dissolved oxygen, while others do quite well in warm, muddy rivers. Furthermore, in cases of very poor 
water quality, only the most tolerant invertebrate species will persist. Generally, decreased water quality 
(e.g., increased fine sediment) reduces intolerant species diversity and abundance (Reynoldson et al. 1997; 
Kaller and Hartman 2004). The fourth leading cause of water quality impairments on the Gila National 
Forest (42.5 miles) is related to benthic macroinvertebrate communities.  

Two biological assessment approaches utilizing benthic macroinvertebrate communities are currently 
used in New Mexico for determining the attainment of water quality standards for aquatic life designated 
uses, namely the reference site approach (i.e., comparing an individual stream or waterbody to an 
appropriate individual reference site), and the reference condition approach (i.e., comparing an individual 
stream or waterbody to a reference condition for class or group of streams or waterbodies to which that 
stream or waterbody belongs). Currently, New Mexico has only defined a reference condition for 
wadeable, perennial streams in the Mountain ecoregions (NMED SWQB 2015a)26. The Gila NF falls entirely 
within the AZ/NM Mountains Ecoregion 23. 

The reference condition approach expands on the original Rapid Bioassessment Protocol (RBP) methods 
(Plafkin et al. 1989) to acknowledge the reality of a wide range of aquatic conditions that reflect more than 
minimal impacts, including historic and current land and water use activities (Barbour et al. 1999; Stoddard 
et al. 2006). This broader concept of reference condition allows for the definition of reasonable and 
attainable targets or goals by class or group in order to assess potential impairment to the aquatic 
community at a larger number of study sites (NMED SWQB 2015a). 

                                                      
26 Wadeable, perennial streams located outside of the Mountain ecoregions continue to be assessed using the reference site 
approach from the original Rapid Bioassessment Protocol (RBP) (Plafkin et al. 1989) as modified by Jacobi (2009) when a 
suitable reference site has be identified and sampled as well.  The New Mexico Environment Department (NMED) does not 
apply either method to large non-wadeable rivers, lakes and reservoirs, or non-perennial streams at this time (NMED SWQB 
2015a). 
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In order to determine reference condition, data from a continuum of reference to stressed sites in the 
ecoregion(s) of interest must be available. NMED has been collecting benthic macroinvertebrate data since 
1979. The formal process of developing numeric biological translators began in 2002 with assistance from 
the EPA and Tetra Tech, Inc.  In 2006, NMED, in collaboration with Drs. Jacobi and Tetra Tech, Inc., 
developed a regional Mountain Stream Condition Index (M-SCI) to determine aquatic life use attainment 
for the Mountain biological region which consists of Ecoregions 21 and 23 (Southern Rockies and AZ/NM 
Mountains, which includes the Gila NF) (Griffith et al. 2006; Jacobi et al. 2006). 

The M-SCI is composed of twelve individual metrics (i.e. standard of measurement) from five metric 
categories, representing community and species attributes such as taxonomic composition, taxonomic 
richness, tolerance, habit, and functional feeding group. For additional descriptions of these twelve 
metrics, see Plafkin et al. 1989, Barbour et al. 1999, and Jacobi et al. 2006. 

M-SCI scores are normalized27 utilizing the 95th percentiles associated with each metric. Each metric is 
first calculated and normalized. All metrics are then summed and averaged to produce an M-SCI score 
between 0 and 100. The resulting score is then placed in a condition category of Very Good (100 – 78.36), 
Good (78.35 – 56.71), Fair (56.70 – 37.21), Poor (37.20 – 18.89), or Very Poor (18.90 – 0) based on the 
distribution of reference site scores. Sites with M-SCI ranking of poor or very poor are considered not 
meeting water quality standards for their designated aquatic life use. Sites falling in the fair range are 
considered “Not Assessed” until a second sample can be taken. These sites will be listed as impaired if a 
second sample within a 5-year period confirms a value in this range (NMED SWQB 2015a). Table 133 
explains how to interpret macroinvertebrate data to assess aquatic life use support.  Additional data are 
often needed to determine the specific pollutant or “pollution” of concern.   

Table 133. Interpreting benthic macroinvertebrate data to water quality status with respect to 
designated aquatic life use in wadeable, perennial streams 

Type of data 
Meeting all water 
quality standards 

“not 
Assessed” Impaired 

Macroinvertebrate 
assemblages in 
Ecoregions 21 and 
23 using M-SCI2 

Reliable data indicate 
functioning, sustainable 
macroinvertebrate 
assemblages not 
modified significantly 
beyond the natural 
range of reference 
condition1 (> 56.7 
score). 

Reliable data indicate 
macroinvertebrate 
assemblages might be 
modified beyond the 
natural range of 
reference condition (a) 
(≤56.7 and >37.2 score). 

Reliable data indicate 
macroinvertebrate 
assemblage with 
impairment when 
compared to reference 
condition (a) (≤37.2 
score). 

 1Reference condition is defined as the best situation to be expected within an ecoregion. Reference sites have balanced 
trophic structure and optimum community structure (composition & dominance) for stream size and habitat quality. 

 2Percentages based on Jacobi et al. (2006). 

The Gila NF falls entirely within the AZ/NM Mountains Ecoregion 23 and can be assessed using the M-SCI 
scores collected by NMED.  There are 27 water quality monitoring stations within, or immediately adjacent 
to the Gila NF (NMED SWQB 2015b), where M-SCI scores were calculated with the most recent score 
represented in Table 134 below.  Trend was calculated by taking all measurements from each individual 
site and developing a trend line.  Sites that only have one year of data are identified as having “no trend”.   

                                                      
27 Normalization is a mathematical procedure that adjusts values measured on different scales to a common scale.  
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Table 134. M-SCI scores for stations on the Gila NF 
Watershed Name Subwatershed Name Site Name Collection Date M-SCI Score Condition/Trend 

Caballo Subbasin      

Caballo Reservoir Outlet Las Animas Creek* Las Animas Creek above box* 11/14/2011 37.32 Fair/Stable 

Mimbres Subbasin      

Gallinas Canyon-
Mimbres River 

Allie Canyon-Mimbres 
River 

McKnight Canyon Creek (aka 
East Fork of Mimbres) above 

the Mimbres 
10/10/2002 54.93 Fair/No trend 

  
Mimbres River at upper 

Nature Conservancy 
Property* 

11/18/2009 61.59 Good/Improving 

 
Powderhorn Canyon-

Mimbres River 
Mimbres River at Cooney 

Campground Crossing 150A 
9/28/2005 47.43 Fair/No trend 

 
Noonday Canyon-

Mimbres River 
Mimbres River at Mimbres 

near USGS gage* 10/10/2002 52.77 Fair/Improving 

 
Gallinas Canyon-Mimbres 

River* Mimbres River below Dwyer* 11/19/2009 36.77 Poor/Declining 

Upper Gila Subbasin      

Headwaters East Fork 
Gila River 

Headwaters Diamond 
Creek 

Diamond Creek at Trail 42 8/23/2011 67.54 Good/Improving 

Middle Fork Gila River Indian Creek Canyon Iron Creek at Forest Trail 151 9/29/2005 48.09 Fair/No trend 

 
Indian Creek Canyon-
Middle Fork Gila River 

Middle Fork Gila River 8/12/2000 71.58 Good/No trend 
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Watershed Name Subwatershed Name Site Name Collection Date M-SCI Score Condition/Trend 

 Gilita Creek 
Willow Creek above Gilita 

Creek 
11/5/2001 75.63 Good/Improving 

West Fork Gila River 
Headwaters West Fork 

Gila River 
Cub Creek 1 mile above 

Middle Fork Gila 
8/8/2000 150.081 Very Good1/No trend 

  
West Fork Gila River above 

White Creek 
8/9/2000 61.02 Good/No trend 

 
Outlet West Fork Gila 

River 
West Fork Gila above Cliff 

Dwelling Canyon 
9/19/2007 59.93 Good/Stable 

Outlet East Fork Gila 
River 

 

Headwaters Black Canyon 
Black Canyon Creek ~0.75 
miles above Aspen Canyon 

11/6/2001 69.33 Good/Improving 

 Outlet Black Canyon 
Bonner Creek 1.5 miles 

above Black Canyon 
7/6/2000 39.19 Fair/No trend 

 
Black Canyon-East Fork 

Gila River 
East Fork Gila above West 

Fork 
9/22/2011 53.58 Fair/Stable 

  
East Fork Gila River 1 mile 

above Black Canyon 
7/31/2000 36.94 Poor/No trend 

  
East Fork Gila River below 

Black Canyon 
11/8/2001 72.23 Good/Improving 

Sapillo Creek-Gila River 
Mogollon Creek-Gila 

River 
Gila River 300 meters above 

Turkey Creek 
10/27/2011 59.89 Good/Stable 

 Turkey Creek 
Turkey Creek (at Wilderness 
Boundary Forest Trail 155) 

10/27/2011 49.21 Fair/Improving 
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Watershed Name Subwatershed Name Site Name Collection Date M-SCI Score Condition/Trend 

Upper Gila-Mangas 
Subbasin 

     

Bear Creek Middle Bear Creek Bear Creek  below Dorsey 
Springs* 

11/14/2006 58.19 Good/Declining 

Mangas Creek Mangas Creek-Upper Gila 
River* 

Gila River above Mangas 
Creek* 

9/22/2000 51.16 Fair/No trend 

Sycamore Creek-Upper 
Gila River 

Bear Creek-Upper Gila 
River 

Gila River  at NM Hwy 211 
Bridge* 

10/16/2007 64.7 Good/No trend 

Blue Creek-Upper Gila 
River 

Bear Canyon-Upper Gila 
River 

Gila River below Mangas 
Creek * 

11/8/2007 67.86 Good/No trend 

San Francisco Subbasin      

Centerfire Creek-San 
Francisco River 

Stone Creek-San 
Francisco River 

San Francisco River above 
Luna 

10/18/2007 65.19 Good/Stable 

Pueblo Creek-San 
Francisco River 

Whitewater Creek 
Whitewater Creek above 

campground 
10/6/2004 61.62 Good/Stable 

Mule Creek-San 
Francisco River 

Big Pine Canyon-San 
Francisco River 

San Francisco River below 
Glenwood at Hot Springs 

11/9/2011 56.34 Fair/Improving 

*Not within plan area but within context area; included because upstream water quality can affect downstream water quality 

1Data may not have been normalized by NMED
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The M-SCI scores listed in the table are the most recent year the scores were calculated for each station.  
Some of the stations have had M-SCI calculated over multiple years with scores fluctuating through time.  
Of the 27 stations that had M-SCI calculations, 15 (56%) were in “Good” to “Very Good” condition and 
fully supporting aquatic life designated uses, 10 (37%) were in “Fair” condition indicating 
macroinvertebrate assemblages might be modified beyond the natural range of reference conditions, 
while two (7%) were considered to be in “Poor” condition indicating macroinvertebrate assemblages are 
impaired when compared to reference conditions.  The 10 stations in fair condition are considered “Not 
Assessed” by NMED for assessment purposes under the Clean Water Act (Table 134 above) and a second 
sample taken within a 5-year period is required to reliably determine condition.  

While additional data are needed to determine the specific pollutant responsible for benthic 
macroinvertebrate community conditions, one of the likely causes is sediment. Excess sediment in streams 
and waterbodies can negatively affect the biological processes of aquatic species and macroinvertebrate 
populations (Reynoldson et al. 1997; Kaller and Hartman 2004). Sediment can also carry with it other 
pollutants such as bacteria and nutrients. Turbidity is a measure of water clarity, which is affected by 
suspended fine sediments and dissolved solids. Suspended Sediment Concentration is a measure of the 
quantity of solid material per volume of water. Turbidity and Suspended Sediment Concentration are the 
most visible indicators of excess sediment. Sediments eventually settle out of suspension and can 
negatively impact benthic macroinvertebrate habitat. There are 30.5 total miles of impairments due to 
sediment, and 60.7 miles impaired for turbidity or suspended sediment concentrations. Miles of these 
impairments are similar on and off the Forest (Table 132). All of the activities identified as potential sources 
of nutrients leading to eutrophication or solutes leading to conductance impairments are also potential 
sources of sediment.  

The remaining causes of water quality impairments are metals: aluminum, cadmium and lead. Aluminum 
is the third most common element in the earth’s crust. At certain concentrations, aluminum is toxic. 
Mogollon Creek (Sapillo Creek-Upper Gila River watershed) and Willow Creek (Middle Fork Gila River 
watershed) have miles listed as impaired due to aluminum with concentrations that exceed those required 
to support the aquatic life criteria. A study conducted to determine the source of the aluminum leading 
to impairment of Mogollon Creek in the Sapillo Creek-Upper Gila River watershed concluded the probable 
source was geologic (Stevens and Clothier 2015).  No such study is known to have been conducted for 
Willow Creek. Aluminum can be a component in emissions generated by coal fired power plants, and 
atmospheric deposition not impossible, however, there is no data related to the atmospheric deposition 
of aluminum. However, if the source was atmospheric deposition, it would most likely affect water quality 
across more of the plan area. Abandoned mine lands do not occur at watershed positions that could 
contribute aluminum to the impaired miles. Other potential industry related sources of aluminum are not 
present in these watersheds. The source of the aluminum is most likely geologic. Volcanic rocks, such as 
those that dominate these watersheds and are common across the Forest, contain varying amounts of 
aluminum. Therefore, the soils that form from these rocks also have varying amount of aluminum. A 
mineralogy study of the rocks and soils in these watersheds could potentially confirm or deny the probable 
source as natural. Cadmium and lead are naturally occurring metals toxic to plants, animals and 
microorganisms. Streams listed as impaired due to concentrations of these metals within Lampbright 
Draw-Mimbres River watershed (Table 132) are believed to be associated with historic mining operations. 
Remediation of a historic mine is anticipated to begin in 2017.  

The water quality indicator from the watershed condition classification considers both water quality issues 
resulting in 303(d) listings, as well as other water quality concerns that have not resulted in a 303(d) listing. 
There are four watersheds without listed streams that have subwatersheds with other water quality 
concerns: Cuchillo Negro Creek, Cuervo Arroyo-Rio Grande, Lordsburg Draw and Percha Creek. All of these 
concerns are sediment related. Lordsburg Draw contains a large percentage of highly erodible soils formed 
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from granite. Improving and maintaining vegetative groundcover is critical to prevent accelerated erosion 
and sediment delivery in this watershed. Vegetative groundcover is also of concern in Cuchillo Negro 
Creek. In Percha Creek and Cuervo Arroyo-Rio Grande, accelerated erosion and sediment delivery resulting 
from large extents of high and moderate burn severity from the 2013 Silver Fire is the concern. Although 
much of these areas received emergency watershed stabilization treatments following the fire and 
monitoring data indicates the treatments were effective at reducing erosion (see discussion under fire 
heading in Chapter 9: System Drivers and Stressors), accelerated erosion and sedimentation cannot be 
eliminated completely. 

There are four assessed water bodies within the plan area watersheds, three of which occur entirely or in 
part within the Gila NF. These are located in the Carrizo Wash (Quemado Lake) and Upper Gila (Lake 
Roberts and Snow Lake) subbasins and all are listed impaired for nutrients and eutrophication (NMED 
2014b). Bear Canyon Reservoir in Mimbres, which is downstream of the Forest boundary, is listed for 
nutrients and eutrophication, temperature and mercury in fish tissue (NMED 2014b). Bill Evans Lake is 
located off Forest, but is filled by water pumped from the Gila River by the mining company, Freeport 
McMoRan, Inc. Its overflow drains to Mangas Creek, a tributary of the Gila River, approximately five stream 
miles above the Gila River Bird Area. Bill Evans Lake is listed impaired for mercury in fish tissue (NMED 
2014b). Mercury is most often deposited in lakes atmospherically and is related to emissions from coal 
burning power plants. More information about atmospheric deposition of mercury is found in the Chapter 
5: Air. Mercury negatively impacts the biological processes of fish and is toxic to humans and animals.  

In 2010, the State of New Mexico’s Water Quality Control Commission designated all perennial rivers, 
streams and wetlands located within wilderness areas as Outstanding National Resource Waters (ONRWs). 
Only those perennial rivers, streams and wetlands within wilderness areas carry this designation. The 
criteria for ONRW designations in New Mexico are set forth in the Water Quality Standards at Section 
20.6.4.9.B NMAC (State of New Mexico 2013). These waters are subject to the same water quality criteria 
as other waters with the same designated uses but receive a higher degree of protection from human 
activities that could negatively alter their water quality status.  However, forty four percent of all impaired 
stream miles are ONRWs. A discussion of why these streams receive a higher degree of protection, but so 
many are impaired follows Table 135 which displays the ONRW stream miles and wetland acres on the 
Gila NF and their water quality status by watershed. 

Table 135. Outstanding National Resource Waters and impairment status 

Subbasin 
Name 

Watershed 
Name 

ONRW 
Stream 
Miles 

ONRW 
Impaired 

Stream Miles 
Cause of 

Impairment 

ONRW 
Wetland 

Acres 

ONRW 
Wetland 

acres 
within 300 

ft. of 
Impaired 
Stream 

Caballo Cuchillo Negro 
Creek 1.0 0 Not 

Applicable 0 Not 
Applicable 

 
Palomas 

Creek-Rio 
Grande 

5.4 0 Not 
Applicable 6.1 0 

 Percha Creek 0 0 Not 
Applicable 0.2 0 

 Caballo 
Reservoir 25.2 3.6 BMiC 55.5 49.8 

Elephant Butte 
Reservoir Milligan Gulch 0 0 Not 

Applicable 0.2 0 

Mimbres 
Gallinas 
Canyon-

Mimbres River 
5.7 0 Not 

Applicable 31.9 0 
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Subbasin 
Name 

Watershed 
Name 

ONRW 
Stream 
Miles 

ONRW 
Impaired 

Stream Miles 
Cause of 

Impairment 

ONRW 
Wetland 

Acres 

ONRW 
Wetland 

acres 
within 300 

ft. of 
Impaired 
Stream 

Upper Gila 
Headwaters 

East Fork Gila 
River 

25.9 3.3 BMiC 135.7 92.5 

 Middle Fork 
Gila River 74.6 47.2 

81% Temp 
8% each 
Nut/Eutro 

and 
Turbidity  

4% Al 

684.2 626.5 

 West Fork Gila 
River 56.4 28.6 Temperature 281.96 233.5 

 Outlet East 
Fork Gila River 42.4 29.4 68% Temp 

32% BMiC 268.30 259.5 

 Sapillo Creek 14.2 0 Not 
Applicable 12.37 1.7 

 Sapillo Creek-
Gila River 81.3 56.0 80 % Temp 

20% Al 677.73 672.8 

Upper Gila-
Mangas Duck Creek 1.7 0 Not 

Applicable 0.17 0 

San Francisco 
Deep Creek-

San Francisco 
River 

0 0 Not 
Applicable 0.39 0 

 
Pueblo Creek-
San Francisco 

River 
19.7 0 Not 

Applicable 160.08 0 

 
Mule Creek-

San Francisco 
River 

13.9 0 Not 
Applicable 0.52 0 

Totals  367.5 161.1  2,315.12 1,936.3 
Note: Al=Aluminum; BMiC = Benthic macroinvertebrate community; Nut/Eutro=Nutrients/Eutrophication; Temp=Temperature 

Temperature is the leading cause of impairment for all ONRWs. This is directly related to the previous 
discussion on temperature impairments and NMED’s review of the related water quality standards (NMED 
2014b). More investigation is needed to determine appropriate temperature water quality standards for 
ONRWs as human activities in these wilderness areas are limited. The previous discussions regarding 
benthic macroinvertebrate and aluminum impairments also apply to ONRWs. Data used to determine 
whether or not the ONRWs in the Gila and Aldo Leopold wildernesses met their water quality standards 
for temperature were collected prior to the Whitewater Baldy Complex and Silver Fires. Post-fire effects 
to ONRWs could reasonably be expected to result in short-term higher stream temperatures as the riparian 
vegetation recovers. Long-term stream temperatures will depend on the recovery of channel shape and 
function which could take decades. In some areas, recovery of channel shape and function may impact 
the recovery of riparian vegetation, extending the length of time water quality impacts might occur. 
Sediment related impairments such as turbidity and the combined impacts of sediment and temperature 
to the benthic-macroinvertebrate community are also probable given altered post-fire hydrologic and 
sediment regimes. These statements regarding post-fire recovery of water quality apply to all watersheds 
and stream systems impacted by large extents of high and moderate burn severity, not just those 
containing ONRWs. 

Figure 111 summarizes departure in water quality conditions as discussed previously under the analysis 
methods heading. 



Chapter 6. Water 

 
Gila National Forest Assessment Report – Final  267 

 
Figure 111. Water quality departure by plan area watershed 

 

Narrative Legend 
 

White indicates low 
departure 
 
Light gray indicates 
moderate departure 
 
Dark gray indicates high 
departure 
 
The black line is the Gila 
NF boundary.  

To maintain readability, private property 
within the admistrative boundary is not 
shown. 
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Context Area 
Current water quality status within the context area is displayed in Table 136 in terms of total impaired 
miles.  Table 137 displays subbasin impaired miles by cause, both on and off Forest.  Values do not add up 
to the total impaired miles because some miles are impaired for more than one reason.  Again, the purpose 
for counting miles by cause is not to inflate the overall picture of water quality concerns on the Forest. The 
purpose of examining the extent of different causes of impairment is to provide a picture of how each 
cause contributes to water quality issues. Different causes may require different management approaches 
to address. Of the 195 stream miles in the context area listed for more than one cause of impairment, 
approximately 99 miles occur on the Forest.  Miles are counted for each reason. Miles through waterbodies 
are not included, but are discussed later in this subsection. Subbasins without impairments are not 
included.
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Table 136. Impaired stream miles and Gila NF percent of impaired miles, subbasin area and stream miles. 

Subbasin Name Gila NF % of Subbasin 

Assessed Stream Miles 
Miles Meeting All 

Water Quality 
Standards 

Impaired Miles  
[303(d) listed] 

Total  Gila NF  Total  Gila NF  Total  Gila 
NF  

Plains of San Agustin 11 0 0 0 0 0 0 

Elephant Butte Reservoir 3 37.0 0 37.0 0 0 0 

Caballo 27 110.8 10.8 62.5 0 48.3 10.8 

El Paso-Las Cruces 1 159.7 9.1 86.5 9.1 73.2 0 

Mimbres 5 154.2 67.0 84.0 47.7 70.2 19.3 

Little Colorado Headwaters 3 234.4 0 185.3 0 49.1 0 

Carrizo Wash 14 88.6 11.6 77 11.6 0 0 

Upper Gila 84 388.6 339.3 103.1 96.6 285.5 242.7 

Upper Gila-Mangas 15 200.8 20.6 93.9 9.3 106.9 11.3 

Animas Valley 4 52.0 1.2 9.0 1.2 0 0 

San Francisco 61 654.4 202.6 460.5 123.4 193.9 79.2 
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Table 137. Context area miles of impairment by cause. 
 Miles of Impairment1  

 Caballo 

El Paso-
Las 

Cruces Mimbres 

Little 
Colorado 

Headwaters Upper Gila 
Upper Gila-

Mangas 
San 

Francisco 

Cause % 
Impaired 

Miles 

Cause of 
Impairment To

ta
l 

M
ile

s 

O
n 

G
ila

 
N
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ile
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%
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n 
G
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Aluminum 0 0 0 0 0 0 0 0 23.9 21.4 0 0 0 0 2 4 
Bacteria 0 0 11.7 0 0 0 0 0 0 0 0 0 0 0 1 0 
Benthic 
Macroinvertabrate 
Community 

27.0 10.8 0 0 0 0 0 0 26.1 20.4 0 0 21.1 11.3 7 8 

Boron 0 0 6.0 0 0 0 0 0 0 0 0 0 0 0 1 0 
Cadmium and Lead 0 0 0 0 7.6 1.7 0 0 0 0 0 0 0 0 1 <1 
Conductance 0 0 0 0 0 0 0 0 0 0 0 0 16.1 8.0 1 2 
Dissolved Oxygen 21.2 0 0 0 0 0 0 0 0 0 0 0 10.5 4.2 3 1 
E. coli 0 0 61.6 0 25.2 0 0 0 0 0 38.8 0 135.5 44.3 23 9 
Nutrients / 
Eutrophication 0 0 0 0 22.1 11.9 0 0 36.5 32.6 25.9 10.2 16.1 8.0 9 12 

Temperature 0 0 0 0 40.5 5.6 0 0 228.5 193.6 68.2 11.3 95.6 61.1 38 53 
Turbidity/Suspended 
Sediment 
Concentration 

0 0 0 0 0 0 49.1 0 14.2 13.1 17.2 0 54.0 27.6 12 8 

Sediment 0 0 0 0 0 0 0 0 0 0 0 0 30.5 16.9 3 3 
Total All Causes 
(miles) 48.3 10.8 79.2 0 95.3 19.3 49.1 0 329.3 281.1 150.0 21.5 379.4 181.5   

All Causes (%) 29 22 7 0 8 20 4 0 29 85 13 14 34 48   
1 The number of miles of impairment are greater than impaired stream miles; where there are multiple causes listed for the same miles, those miles are counted for each cause.   
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There are very few perennial or intermittent stream miles on Forest (Table 121) in subbasins where no 
impairments exist on Forest (Table 132). In general, water quality impairments are far less frequent on the 
Forest than off when considering the higher stream densities on Forest. However, this is clearly not the 
case in Upper Gila. The vast majority of the impaired miles are on Forest as most of the watershed area 
and stream miles are on Forest. As discussed in the plan area analysis, the reason for these impairments 
is almost all related to stream temperatures that exceed water quality standards for aquatic life designated 
uses. However, temperature standards for many Forest streams are being reviewed by NMED (2014b), 
which may or may not result in fewer impaired miles.  

Opportunities and limitations associated with the Gila NF’s ability to contribute to integrity and 
sustainability of water quality within the context area are related primarily to contributing watershed area 
on Forest and nonpoint source pollutant of concern. The discussion related to causes of impairment and 
possible sources of those pollutants presented in the plan area analysis apply here as well. Off-Forest water 
quality conditions currently have little direct impact on water quality conditions on-Forest within most 
subbasins because the majority of off-Forest area is located downhill and downstream. Where this is less 
the case, as in the San Francisco and Upper Gila-Mangas subbasins, off-Forest water quality conditions 
may impact water quality on-Forest. Table 137 displays subbasin impaired miles by cause, both on and off 
Forest.  Values do not add up to the total impaired miles because some miles are impaired for more than 
one reason. Miles are counted for each reason. Subbasins without impairments are not included.  In 
addition to the impaired waterbodies described in the plan area analysis, Caballo and Elephant Butte 
reservoirs, located in Caballo, Elephant Butte Reservoir and El Paso-Las Cruces subbasins are also impaired. 
One is listed for mercury in fish tissue. The other is listed for both mercury and PCB in fish tissue. As 
discussed previously, the most likely source of mercury is atmospheric deposition. PCB is compound that 
was used for a variety of industrial purposes. Even though it was effectively banned in the 1970s, it does 
not break down easily in the environment and remains a problem to this day. The most likely origins of 
PCB are the communities along the Rio Grande River. The Gila NF is not contributing to these impairments 
and Forest management has no opportunity to contribute to solutions.  

Risk 

Risk to water quality and its ability to continue providing current levels of ecosystem services is assessed 
at the watershed scale using the matrix displayed as Table 138.   

Table 138. Water quality risk matrix. 
Departure Trend Toward 

Reference 
Trend Unknown or 

Static 
Trend Away from 

Reference 
 Significant  

(High and Moderate) Risk Addressed Moderate Risk High Risk 

Not Significant  
(Low) Low Risk Low Risk Moderate Risk 

 

Risk due to current management and under current water quality standards can be interpreted from Figure 
111 above, with the watersheds in white being low risk (low departure; unknown or static trend), and both 
light gray (moderate departure; unknown or static trend) and dark gray (high departure; unknown or static 
trend) at moderate risk. The origins of this risk include all human activities and disturbance regimes 
discussed in Chapter 9: System Drivers and Stressors that can impact watershed and riparian condition 
including: fire, herbivory, non-fire vegetation treatments including timber and fuelwood harvest, insects 
and disease as they increase the risk of high severity fire, roads and trails, mining, recreation, invasive 
species and pesticide use. Watersheds and riparian areas that are Functioning Properly support water 
quality integrity. Therefore, the discussion of risk factors in the watershed subsection of this chapter, and 
Chapter 7: Riparian apply to water quality. 
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With 67 percent of its area represented by moderate risk ratings, risk to water quality at the Forest scale 
is also moderate. At the local unit scale, Lower Gila is represented by low risk ratings across 59 percent of 
its area, therefore risk to water quality in that local unit is low. All other local units are represented by risk 
ratings of moderate across 56 to 100 percent of their area, giving them a moderate risk rating overall.  

Because of the nonpoint nature of most of the pollutants that can be produced as a result of these 
disturbances, it is difficult or impossible in most cases to determine the specific activity that is the source 
of the pollutant. The contributions of management activities that may generate non-point source 
pollutants have been discussed briefly throughout this chapter and are discussed in detail in Chapter 9: 
System Drivers and Stressors. Best Management Practices (BMPs) are methods or measures that are 
designed and implemented for site and project specific characteristics to mitigate risk to water quality 
associated with all activities. As in previous risk assessments, a moderate or greater watershed 
vulnerability to climate change is a stressor that elevates risk one category. Again, climate change is 
discussed in detail in Chapter 9: System Drivers and Stressors.  
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Aquatic Biota 
The status of watersheds and water resources across the larger landscape influences conditions on the 
Forest, and in turn the Forest contributes to the overall sustainability of areas far from the Forest Service 
boundary.  Aquatic biota are an important component of aquatic ecosystems, and as such, are influenced 
by the conditions of watersheds and water resources on the Forest. This section focuses on current and 
historic native and non-native species richness and distribution.  

Analysis Methods 
Prior to European settlement, only native fish species were present in the watersheds of the Gila NF.  Their 
populations were more widespread, interconnected, and the aquatic habitat had all necessary 
components needed to persist.  This pre-European settlement status of aquatic biota is used as the 
reference condition for this assessment. Although it is likely that aquatic habitat conditions have changed 
over time, this analysis assumes current perennial stream miles were only inhabited by native species; 
therefore, the current extent of perennial stream miles is used as a reference. Based on the available data 
concerning the current and historic distribution of native and non-native fishes, departure was calculated 
by dividing the number of native species currently present in each watershed by the number of native 
species that historically occurred within each watershed. This number represents departure in the 
watershed by the number of native species no longer present in the watershed. Number of non-native 
species present is also a measure of departure, but is not calculated into the overall measure of departure 
and is a stand alone measure. Departure categories of low, moderate and high are assigned as follows: 

 0-33% Departure = Low 

 34-66% Departure = Moderate 

 67-100% Departure = High 

Due to the differences between the available datasets, trend is not analyzed for individual species. Some 
data had numbers of individuals that were caught, while other data just recorded presence/absence in a 
stream with no indication of abundance. Also, some data recorded was only for rare fish and other fish 
information was not taken. However, what is known about current trends is discussed. 

Plan Area 
Historically, 17 native fish occurred in plan area watersheds (Sublette et al. 1990). Currently, 15 of these 
native species still occur, while two of these native species, Beautiful shiner and Gila topminnow, are now 
considered extirpated (i.e. completely absent). Of the 15 native fish species still present within the Gila 
NF, five have decreased in their distribution, two have increased, and eight have remained relatively 
unchanged as displayed in Table 139.   

Table 139.  Native fish species changes in distribution. 
Increased Decreased  Unchanged 
Gila chub (Gila intermedia) 
 

Spikedace (Meda fulgida)  
 

Longfin dace (Agosia chrysogaster) 

Gila trout (Oncorhynchus gilae) Roundtail chub (Gila robusta) Speckled dace (Rhinichthys osculus) 

 Loach minnow (Tiaroga cobitis) Desert sucker (Catostomus (Pantosteus) 
clarkii) 

 Rio Grande sucker (Catostomus 
plebeius) 

Sonora sucker (Catostomus insignis) 

 Rio Grande chub (Gila pandora) Rio Grande Cutthroat trout (O. clarki 
virginalis) 

  Chihuahua chub (Gila nigrescens) 

  Fathead minnow (Pimephales promelas) 

  Headwater chub (Gila nigra) 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  

Table 140 displays the reference and current fish species richness, including natives and non-natives, by subwatershed. Departure percentages and 
categories are included. 

Table 140.  Reference (R) and current (C) occurrences of native fish species for plan area watersheds and subwatersheds 

 

Subbasin (4th Level), Watershed (5th 

Level) & 
Subwatershed (6th level) 

B
e

au
ti

fu
l s

h
in

e
r*

 

C
h

ih
u

ah
u

a 
ch

u
b

 

D
e

se
rt

 s
u

ck
er

 

G
ila

 c
h

u
b

 

G
ila

 t
o

p
m

in
n

o
w

 *
 

G
ila

 t
ro

u
t 

H
ea

d
w

at
e

r 
ch

u
b

 

Lo
ac

h
 m

in
n

o
w

 

Lo
n

gf
in

 d
ac

e 

R
io

 G
ra

n
d

e
 c

h
u

b
 

R
io

 G
ra

n
d

e
 c

u
tt

h
ro

at
 

R
io

 G
ra

n
d

e
 s

u
ck

er
 

R
o

u
n

d
ta

il 
ch

u
b

 

So
n

o
ra

 s
u

ck
er

 

Sp
e

ck
le

d
 d

ac
e

 

Sp
ik

ed
ac

e 

C
u

rr
e

n
t/

H
is

to
ri

c 
sp

e
ci

e
s 

p
re

se
n

t 

# 
o

f 
N

o
n

-N
at

iv
e

 f
is

h
 s

p
e

ci
es

 

P
e

rc
e

n
t 

d
e

p
ar

tu
re

 o
f 

cu
rr

en
t 

fr
o

m
 h

is
to

ri
c 

 D
e

p
ar

tu
re

 C
at

eg
o

ry
 

Plains of San Agustin                                   
 

 
   Patterson Lake                 C1               1/1 1 0 L 

Patterson Canyon                 C1               1/1 1 0 L 

Elephant Butte Reservoir                                   
 

 
   Headwaters Alamosa Creek                   C1             1/1 0 0 L 

Sim Yaten Canyon- Alamosa Creek                   C1             1/1 0 0 L 

Caballo                                   
 

 
   Palomas Creek-Rio Grande                    C    C         2/2 1 0 L 

South Fork Palomas Creek                   C   C         2/2 1 0 L 

   Caballo Reservoir                    C  R C          2/3 1 33 L 

North Seco Canyon                   C1   R          1/2 0 50 M 



Chapter 6. Water 

 
The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Seco Creek                   C1   C         2/2 0 0 L 

Holden Prong2                   R R R         0/3 0 100 H 

Headwaters Los Animas Creek2                   R R R         0/3 1 100 H 

El Paso-Las Cruces                                     
  Cuervo Arroyo_Rio Grande                    R    R         0/2 0 100 H 

Headwaters Berenda Creek                   R1   R1         0/2 0 100 H 

Mimbres                                     
   Gallinas Canyon-Mimbres  
  River R C C                  C      C   4/5 11 20 L 

Powderhorn Canyon-Mimbres River R R R                  R     R    0/5 5 100 H 

         Allie Canyon-Mimbres River R C  C                C     C   4/5 5 20 L 

Sheppard Canyon-Mimbres River R C R                  C     R    2/5 10 60 M 

Noonday Canyon-Mimbres River R C R                  C     R    2/5 4 60 M 

Gallinas Canyon R R R                  R     R    0/5 3 100 H 

   Headwaters San Vicente Draw                                 0/0 21 100 H 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Pipeline Draw-San Vicente Draw                                 0/0 21 100 H 

 Lampbright Draw-Mimbres River R R                    R          0/3 4 100 H 

Gavilan Arroyo-Mimbres River R R                   R         0/3 4 100 H 

Carrizo Wash                                     
   Upper Largo Creek     C                        C    2/2 5 0 L 

Sawmill Canyon-Largo Creek     R                        R    0/2 5 100 H 

Paradise Canyon-Largo Creek     R                        C   1/2 0 50 M 

Rito Creek-Largo Creek     C1                       R    1/2 0 50 M 

Beaver Creek     R        R    R            R    0/4 0 100 H 

Houghton Canyon-Beaver  
Creek     R       R   R           R   0/4 0 100 H 

   Headwaters East Fork Gila River     C      C  C  R  C          C  C R  6/8 11 25 L 

Hoyt Creek     C           C         R C   3/4 1 25 L 

Taylor Creek     C       R R C         C C R 4/7 9 43 M 

Taylor Creek-Beaver  
Creek     C       R R C         C C R 4/7 4 43 M 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Headwaters Diamond  
Creek           C                 R   1/2 0 50 M 

South Diamond Creek           C                 R   1/2 0 50 M 

Outlet Diamond Creek     C     R C R C         C C R 5/8 2 37 M 

Diamond Creek-East Fork Gila River     C     R C R C         C C R 5/8 9 37 M 

   Middle Fork Gila River     C      C C  C C          C  C  C  8/8 13 0 L 

Gilita Creek     C     C     C         C C   5/5 4 0 L 

Snow Canyon                 R           C   1/2 4 50 M 

Canyon Creek-Middle Fork Gila River     C     C C   C         C C   6/6 4 0 L 

Indian Creek Canyon     C     R R   C         R C   3/6 1 50 M 

Indian Creek Canyon-Middle Fork Gila 
River     C     R C   C         C C   5/6 4 17 L 

Big Bear Canyon-Middle Fork Gila River     C       C C C         C C C 7/7 12 0 L 

 West Fork Gila River     C      C  C  C  C          C  C  C  8/8 12 0 L 

White Creek           C R               R   1/3 2 67 H 

Headwaters West Fork Gila River     C     C R               C   3/4 2 25 L 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Little Creek     C     C R C C         C C R 6/8 7 25 L 

Outlet West Fork Gila River     C     R C C C         C C C 7/8 12 13 L 

   Outlet East Fork Gila River     C      C  C  R  C          C  C  R  6/8 12 25 L 

Headwaters Black Canyon     R     C               R C   2/4 2 50 M 

Apache Creek                 C           C   2/2 1 0 L 

Outlet Black Canyon     C     C R R C         C C R 5/8 2 38 M 

Black Canyon-East Fork Gila River     C     R C R C         C C R 5/8 11 38 M 

   Sapillo Creek     C      C      C      C  R  C  C    6/7 10 14 L 

Rocky Canyon-Sapillo Creek                 C     C     C   3/3 0 0 L 

Lake Roberts-Sapillo Creek     C     R     C     C   C C   5/6 10 17 L 

Copperas Creek-Sapillo Creek     C     R     C     C   C C   5/6 7 17 L 

Sheep Corral Canyon-Sapillo Creek     C     C     C     C R C C   6/7 4 14 L 

   Sapillo Creek-Gila River     C  C    C    C  C        R  C  C  C  8/9 14 11 L 

Sapillo Creek-Gila River     C     R   C C       R C C C 6/8 8 25 L 

Hells Canyon-Gila River     C         R C       R C C R 4/7 7 43 M 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Turkey Creek     C C   R     C         C C   5/6 3 17 L 

Upper Mogollon Creek           C                     1/1 2 0 L 

Middle Mogollon Creek     C     R     C         C C   4/5 2 20 L 

Lower Mogollon Creek     C           C         C C   4/4 3 0 L 

Mogollon Creek-Gila River     C     R   C C       R C C C 6/8 12 25 L 

Upper Gila-Mangas                                     
  Bear Creek     C          C  C          C      4/4 1 0 L 

Middle Bear Creek     C         C C         C     4/4 1 0 L 

  Duck Creek                                 0/0 1 0 L 

Headwaters Duck Creek                                 0/0 1 0 L 

   Mangas Creek     C          C  C          C    C  5/5 6 0 L 

Schoolhouse Canyon-Mangas Creek     C         C C         C   C 5/5 6 0 L 

  Sycamore Creek-Upper Gila River     C          C  C        R  C  C  C  6/7 12 14 L 

Bear Creek-Upper Gila River     C         C C       R C C C 6/7 12 14 L 

   Blue Creek     C          R  C          C  C    4/5 0 20 L 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Cherry Creek-Blue Creek     C         R C         C C   4/5 0 20 L 

   Blue Creek-Upper Gila River     C          C  C        C  C  R  C  6/7 13 14 L 

Bear Canyon-Upper Gila River     C         C C       R C R C 5/7 13 29 M 

Swan Canyon-Upper Gila River     C         C C       C C   C 6/6 6 0 L 

   Apache Creek-Gila River                                 0/0 11 0 L 

Apache Creek                                 0/0 11 0 L 

San Francisco                                     
   Headwaters Tularosa River     C            C          C  C    4/4 8 0 L 

Negro Canyon-Tularosa River     C           C         C C   4/4 3 0 L 

Apache Creek     C           C         C C   4/4 0 0 L 

Apache Creek-Tularosa River     C           C         C C   4/4 2 0 L 

Cold Springs Canyon-Tularosa River     C           C         C C   4/4 7 0 L 

   Outlet Tularosa River     C      R    C  C          C  C    5/6 6 17 L 

Long Canyon-Tularosa River     C         C C         C C   5/5 0 0 L 

Headwaters North Fork Negrito Creek                             C   1/1 0 0 L 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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South Fork Negrito Creek     C     R     C         C C   4/5 3 20 L 

Outlet North Fork Negrito Creek     R     R     C           C   2/4 0 50 M 

Negrito Creek     C     R   C C         C C   5/6 2 17 L 

Negrito Creek-Tularosa River     C     R   C C         C C   5/6 5 17 L 

  Centerfire Creek-San Francisco River     C          C  C      C  R  C  C  R  6/8 6 25 L 

Trout Creek     C           R     C     C   3/4 5 25 L 

Stone Creek-San Francisco River     C           C     C     C   4/4 3 0 L 

SA Creek                 C     C     C   3/3 1 0 L 

Headwaters Centerfire Creek                 C     C     C   3/3 0 0 L 

Outlet Centerfire Creek     C           C     C   R C   4/5 0 20 L 

Big Canyon-San Francisco River     C           C     C   R C   4/5 0 20 L 

Starkweather Canyon                 C           C   2/2 0 0 L 

Cienega Canyon-San Francisco River     C         C C     R R C C R 5/8 2 38 M 

   Deep Creek-San Francisco River     C          C  C        R  C  C  R  5/7 4 29 L 

Headwaters Saliz Canyon     C           C         C C   4/4 1 0 L 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Outlet Saliz Canyon     C           C         C C   4/4 1 0 L 

Saliz Canyon-San Francisco River     C         C C       R C C   5/6 2 17 L 

Deep Creek                 R           C   1/2 1 50 M 

Devils Creek-San Francisco River     C         C C       R C C R 5/7 2 29 L 

   Upper Blue River     C          C  C          C  C  R  5/6 6 17 L 

Dry Blue Creek     R         R C         R C R 2/6 5 67 H 

Campbell Blue Creek     C         R C         C C   4/5 4 20 L 

Centerfire Creek-Blue River     C         C C         C C R 5/6 2 17 L 

   Pueblo Creek-San Francisco River     C    R  R    C  C        R  C  C  R  5/9 8 44 M 

Lower Pueblo Creek     C           C         C C   4/4 1 0 L 

Mineral Creek     C     R     C         C C   4/5 1 20 L 

Wendy Flat-San Francisco River     C         C C       R C C R 5/7 1 29 L 

Whitewater Creek     C     R   C C         C C   5/6 4 17 L 

South Dugway Creek-San Francisco River     C   R     C C       R C C R 5/8 7 38 M 

   Mule Creek-San Francisco River     C  C  R  C    C C        R  C  C  R  7/10 11 30 L 
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The letter “C” is used to indicate where native fish species occurred historically and still occur. The letter “R” is used to indicate where native fish species occurred historically, 
but are now extirpated from those watersheds.  Blank cells within the table indicate native fish species were not present historically within that subwatershed.  An asterix (*) 
indicates the two native fish species are extirpated from the entire Forest. The number “1” indicates that the fish found in the subwatershed were not collected on the Gila NF. 
The number “2” indicates subwatersheds that do not currently contain any native or non-native fish, but where native fish are expected to be re-introduced (repatriated).  
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Big Dry Creek     R     C     C           C   3/4 3 25 L 

Upper Mule Creek                 C           C   2/2 0 0 L 

Lower Mule Creek     C C         C         C C   5/5 4 0 L 

Big Pine Canyon-San Francisco River     C R R     R C       R C C R 4/9 10 56 M 
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Table 141 displays native and non-native fish distribution within perennial stream miles by subwatershed. Departure percentages and categories 
are included. As an example of how to interpret this table, Patterson Canyon subwatershed contains 0.5 miles of perennial streams that currently 
do not contain any native fish, but do contain non-native fish. With only non-native fish present, departure is 100 percent and departure is 
categorized as high.  

Table 141. Native and non-native fish distribution within perennial stream miles by subwatershed. 

Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

Plains of San Agustin 0.7         

   Patterson Lake 0.5 0.0 0.5 100 High 

Patterson Canyon 0.5 0.0 0.5 100 High 

Elephant Butte Reservoir 74.3         

   Headwaters Alamosa Creek 1.4 1.4 0.0 0 Low 

Caballo 160.8         

   Palomas Creek-Rio Grande 49.0 0.00 6.6 100 High 

South Fork Palomas Creek 6.6 0.0 3.4 100 High 

   Caballo Reservoir 47.8 31.0 0.00 0 Low 

North Seco Canyon 9.9 9.4 0.0 0 Low 

Holden Prong 9.2 0.0 0.0 100 High 

Headwaters Los Animas Creek 11.8 0.0 0.0 100 High 

El Paso-Las Cruces 116.0         

 Cuervo Arroyo_Rio Grande 21.2 2.2 0.0 0 Low 

Headwaters Berenda Creek 2.2 2.2 0 0 Low 

Mimbres 98.6         

   Gallinas Canyon-Mimbres River 83.1 0.0 70.0 100 High 
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Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

Powderhorn Canyon-Mimbres River 15.3 0.0 13.9 100 High 

Allie Canyon-Mimbres River 18.1 0.0 17.0 100 High 

Sheppard Canyon-Mimbres River 17.8 0.0 13.4 100 High 

Noonday Canyon-Mimbres River 5.0 0.0 4.0 100 High 

Gallinas Canyon 13.8 0.0 13.5 100 High 

   Headwaters San Vicente Draw 4.1 0.0 0.0 0 Low 

   Lampbright Draw-Mimbres River 1.5 0.0 1.5 100 High 

Gavilan Arroyo-Mimbres River 1.5 0.0 0.1 100 High 

Carrizo Wash 43.6         

   Upper Largo Creek 19.3 10.3 9.0 47 Moderate 

Sawmill Canyon-Largo Creek 9.0 0.0 3.5 100 High 

Paradise Canyon-Largo Creek 10.3 3.1 0.0 0.0 Low 

  1504000104 Headwaters East Fork Gila River 68.6 21.0 47.5 69 Moderate 

Hoyt Creek 8.2 0.0 7.4 100 High 

Taylor Creek 17.0 0.0 14.1 100 High 

Taylor Creek-Beaver Creek 6.2 0.0 4.7 100 High 

Headwaters Diamond Creek 9.9 9.9 0.0 0 Low 

South Diamond Creek 11.1 11.1 0.0 0 Low 

Outlet Diamond Creek 5.7 0.0 5.7 100 High 

Diamond Creek-East Fork Gila River 10.5 0.0 7.3 100 High 

   Middle Fork Gila River 96.6 0.0 91.0 100 High 

Gilita Creek 20.1 0.0 18.7 100 High 

Snow Canyon 0.8 0.0 0.8 100 High 
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Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

Canyon Creek-Middle Fork Gila River 29.3 0.0 29.3 100 High 

Indian Creek Canyon 6.3 0.0 6.3 100 High 

Indian Creek Canyon-Middle Fork Gila River 17.9 0.0 17.9 100 High 

Big Bear Canyon-Middle Fork Gila River 16.7 0.0 16.0 100 High 

   West Fork Gila River 86.3 0.0 86.3 100 High 

White Creek 19.9 0.0 19.9 100 High 

Headwaters West Fork Gila River 23.4 0.0 23.4 100 High 

Little Creek 11.9 0.0 11.7 100 High 

Outlet West Fork Gila River 31.1 0.0 26.1 100 High 

   Outlet East Fork Gila River 56.4 0.0 56.4 100 High 

Headwaters Black Canyon 11.0 0.0 11.0 100 High 

Apache Creek 5.9 0.0 5.9 100 High 

Outlet Black Canyon 21.8 0.0 21.7 100 High 

Black Canyon-East Fork Gila River 17.7 0.0 14.7 100 High 

   Sapillo Creek 45.3 8.7 29.6 65 Moderate 

Rocky Canyon-Sapillo Creek 8.7 8.7 0.0 0 Low 

Lake Roberts-Sapillo Creek 7.9 0.0 6.3 100 High 

Copperas Creek-Sapillo Creek 3.2 0.0 0.01 100 High 

Sheep Corral Canyon-Sapillo Creek 18.5 0.0 18.5 100 High 

   Sapillo Creek-Gila River 139.9 0.0 139.9 100 High 

Sapillo Creek-Gila River 17.9 0.0 17.87 100 High 

Hells Canyon-Gila River 22.6 0.0 22.58 100 High 

Turkey Creek 25.2 0.0 24.85 100 High 
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Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

Upper Mogollon Creek 34.5 0.0 34.53 100 High 

Middle Mogollon Creek 12.7 0.0 10.02 100 High 

Lower Mogollon Creek 5.3 0.0 5.27 100 High 

Mogollon Creek-Gila River 21.8 0.0 20.21 100 High 

Upper Gila-Mangas 100.9         

   Bear Creek 10.5 0.0 1.5 100 High 

Middle Bear Creek 1.5 0.0 0.4 100 High 

   Mangas Creek 0.4 0.0 0.4 100 High 

Schoolhouse Canyon-Mangas Creek 0.4 0.0 0.4 100 High 

   Sycamore Creek-Upper Gila River 17.1 0.0 8.7 100 High 

150400020401 Bear Creek-Upper Gila River 8.7 0.0 1.05 100 High 

   Blue Creek-Upper Gila River 33.5 0.0 19.0 100 High 

Bear Canyon-Upper Gila River 10.3 0.0 8.9 100 High 

150400020603 Swan Canyon-Upper Gila River 8.7 0.0 2.8 100 High 

  Apache Creek-Gila River 1.4 0.0 1.4 100 High 

Apache Creek 1.4 0.0 0.7 100 High 

San Francisco 759.8         

   Headwaters Tularosa River 39.3 16.7 15.1 38 Low 

Negro Canyon-Tularosa River 5.9 0.0 1.3 100 High 

Apache Creek 16.7 5.2 0 0 Low 

Apache Creek-Tularosa River 6.7 0.0 0.4 100 High 

Cold Springs Canyon-Tularosa River 2.5 0.0 0.5 100 High 
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Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

   Outlet Tularosa River 54.6 14.5 40.1 73 High 

Long Canyon-Tularosa River 6.7 4.0 0.0 0 Low 

South Fork Negrito Creek 12.7 0.0 11.9 100 High 

Outlet North Fork Negrito Creek 7.8 7.3 0.0 0 Low 

Negrito Creek 13.0 0.0 11.0 100 High 

Negrito Creek-Tularosa River 14.4 0.0 5.3 100 High 

   Centerfire Creek-San Francisco River 145.9 23.5 84.4 58 Moderate 

Trout Creek 24.6 0.0 14.7 100 High 

Stone Creek-San Francisco River 28.8 0.0 11.4 100 High 

SA Creek 7.0 0.0 6.6 100 High 

Headwaters Centerfire Creek 6.2 3.1 0.0 0 Low 

Outlet Centerfire Creek 7.6 0.5 0.0 0 Low 

Big Canyon-San Francisco River 7.6 5.7 0.0 0 Low 

Starkweather Canyon 2.2 1.5 0.0 0 Low 

Cienega Canyon-San Francisco River 24.1 0.0 12.8 100 High 

   Deep Creek-San Francisco River 60.6 0.0 58.5 100 High 

Headwaters Saliz Canyon 3.8 0.0 3.8 100 High 

Outlet Saliz Canyon 7.3 0.0 5.1 100 High 

Saliz Canyon-San Francisco River 15.4 0.0 11.3 100 High 

Deep Creek 18.4 0.0 16.9 100 High 

Devils Creek-San Francisco River 13.6 0.0 10.0 100 High 

   Upper Blue River 172.3 0.0 64.5 100 High 

Dry Blue Creek 16.3 0.0 8.5 100 High 
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Subbasin (4th Level), Watershed (5th Level) & 

Subwatershed (6th level) 

Total HU 
Perennial 

Miles 

Current 
Native 

Fish 
Only 

Stream 
Miles 

Current 
Native/Non-
native Fish 

Stream Miles 

% 
Departure 
of Current 

Native Only 
from 

Stream 
Miles 

Departure 
Category 

Campbell Blue Creek 32.1 0.0 0.4 100 High 

Centerfire Creek-Blue River 16.1 0.0 0.4 100 High 

   Pueblo Creek-San Francisco River 81.7 0.0 72.6 100 High 

Lower Pueblo Creek 2.6 0.0 2.5 100 High 

Mineral Creek 18.9 0.0 16.7 100 High 

Wendy Flat-San Francisco River 11.1 0.0 1.9 100 High 

Whitewater Creek 26.2 0.0 26.2 100 High 

South Dugway Creek-San Francisco  
River 

13.8 0.0 8.4 100 High 

   Mule Creek-San Francisco River 82.7 29.2 46.5 56 Moderate 

Big Dry Creek 18.9 0.0 18.8 100 High 

Upper Mule Creek 13.9 7.1 0.0 0 Low 

Lower Mule Creek 8.8 0.0 4.3 100 High 

Big Pine Canyon-San Francisco River 18.8 0.0 18.3 100 High 

TOTALS      

     Watershed level (5th level) 1,421* 158.5* 955.1* 67 High 

Sub-watershed level (6th level) 1,094.7* 80.5* 734.99* 67 High 

*-There are differences of 307 and 279 stream miles in the 5th and 6th levels for current native only and current native/non-native stream miles, respectively, from the total 

hydrologic unit perennial miles, that likely have fish but may not have been surveyed because of difficult access areas, or a portion of the stream traverses private land. 
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Native-only streams are generally found in headwaters, where there are generally assemblages of native 
suckers, chubs, and dace. Historic land uses and introduction of nonnative species that occurred within 
the last hundred years or more have resulted in substantial negative impacts to aquatic communities and 
their watersheds.  Although native fish may still inhabit these streams, their population and condition are 
likely in a diminished state. As a result, native fish populations have been reduced from a large 
interconnected population to isolated populations within altered and degraded habitats (Alves et al. 
2008).  Because of the altered habitat and isolated populations, all native fish species have lost much of 
their population redundancy within and outside the Gila NF.  

Departure from the historical range of variability in streamflow characteristics, water chemistry, riparian 
vegetation, water temperature, nutrient supply, stream channel shape and function, large (coarse) woody 
debris and upland watershed condition can negatively impact aquatic habitat and affect native fish 
diversity and distribution. The severity and extent of recent wildfire has resulted in many of these changes 
(see Chapter 7: Riparian and Chapter 9: System Drivers and Stressors). Drought and the legacy of past fire 
suppression has increased both the possibility and the actual occurrence of large, high severity wildfires 
(see Chapter 9: System Drivers and Stressors). The degree to which native fishes are affected depends 
largely on the location and extent of the fire within the watershed, severity and post-fire precipitation 
events (Myers pers. comm. 2016).   

Post-fire effects on cold and warm-water aquatic communities including oligochaetes (segmented worms 
resembling earthworms), insects, crayfish, fishes, and tadpoles have been studied following these large-
scale fires in the upper Gila watershed (Whitney 2015). Several insect taxa responded to these fires with 
reduced biomass, whereas oligochaete biomass was unaffected. Biomass of six native fish species 
decreased after the fires, primarily attributed to site proximity to fire. Native and nonnative fish decreases 
after fire were most pronounced for cold-water salmonids (e.g. trout), while warm-water nonnative fishes 
exhibited limited responses. Nonnative crayfish and tadpoles collected were unresponsive to fire 
disturbance. In Rain, West Fork Mogollon, Whitewater, South Fork Whitewater and Turkey Creeks, non-
native trout were greatly reduced and eliminated from most of the streams; however, a few individuals 
persisted in short stream reaches where impacts were less severe. In Mineral and Willow Creeks, non-
native species were eliminated post-fire, while native dace and suckers were reduced. However, these 
native populations have since increased. In Turkey Creek, hybrid Gila x rainbow trout were almost 
eliminated, while Gila chub populations remained relatively stable.  Also, in the Mimbres River, rainbow 
and brown trout have been eliminated post-fire, but Chihuahua chub and Rio Grande sucker have survived 
in several places (Myers pers. comm. 2016).   

Motorized roads and trails and grazing by wildlife and livestock, both within the riparian zone and in the 
upland watershed, have the potential to influence sediment and nutrient delivery to streams, degrade 
water quality, alter peak run-off flows, and lead to greater habitat fragmentation (see Chapter 9: System 
Drivers and Stressors). Roads can act as barriers to fish movement (Furniss et al. 1991), reducing 
distribution and diversity of species. Many roads located in stream bottoms have likely contributed to 
habitat fragmentation if they were not designed with appropriate fish crossings where roads cross the 
creeks.    

Hybridization, depredation, and competition from non-native fish have likely contributed to diversity and 
distribution declines in native fish species as well. For example, the Rio Grande cutthroat trout that 
occurred in Las Animas Creek were found through genetic testing to have been hybridized with rainbow 
trout.  There are 21 non-native species that currently inhabit the streams within plan area watersheds. 
Moreover, long-fin dace (Agosia chrysogaster), is native to certain watersheds, but have been introduced 
into watersheds they historically did not occupy. Non-native fish species were introduced into these 
watersheds for sport fishing or by accident (see Chapter 11: Multiple Uses for the economic and social 
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values of recreational fishing on the Gila NF). In 2008, New Mexico State Fish Hatcheries converted to 
raising triploid Rainbow trout, which are sterile and cannot reproduce, to be stocked in waters to minimize 
hybridization concerns with native trout species (NMDGF 2016a). The New Mexico Department of Game 
and Fish (NMDGF) only stocks lakes within the Gila NF with triploid Rainbow trout or channel catfish, and 
only stocks certain streams with native Gila trout or Chihuahua chub to promote native fish (NMDGF 
2016a). While non-native warm water fish occur and successfully reproduce in rivers and streams on the 
Gila NF, NMDGF provides fishing opportunities through regulations on those but does not actively stock 
any fish (NMDGF 2016a).  

Context Area 
Data to assess aquatic biota at the subbasin scale is not available. 

Risk 
Risk is a direct interpretation of departure (low departure equals low risk, etc.) For many 6th code sub-
watersheds, risk is low to moderate mostly due to many native fish species present with few non-native 
fish in the system.  The highly departed, high risk 6th codes typically have most or all native species absent 
and/or a high number of non-native species present in the sub-watershed. The highly departed 5th codes 
were absent any native fish.  Where post-fire responses of native insects and fishes are pronounced, it 
may indicate that the extent and frequency of fire threatens the persistence of native fauna and suggest 
that management activities promoting ecosystem resilience might help ameliorate wildfire effects 
(Whitney et al. 2015). 

Native fish populations may continue to diminish in the presence of non-natives without active 
management to remove non-natives. However, with the high number of projects on-going to repatriate 
streams with native fish, fish barriers to prevent non-native species mixing with native species in certain 
streams, and the commitment from NMDGF to not actively stock non-native species in streams, native fish 
should have a higher likelihood of persistence. With the popularity of sport fishing and NMDGF managing 
certain water bodies for sportfishing, it is unlikely the Gila NF will ever be comprised of 100 percent native 
fishes. 

Groundwater Resources 
Quantity 

The majority of groundwater resources within the Forest occur in fractured volcanic and sedimentary rock 
and are not considered important sources of groundwater by the State. Portions of important basin fill 
aquifers28 do occur to a limited extent on Forest, but largely occur in the surrounding context area (NMED 
2001). While the Forest may not be considered an important reservoir of groundwater overall, it is a very 
important source of recharge in the basin fill aquifers surrounding the Forest. The Forest contributes to 
groundwater recharge in the Gila-San Francisco, Mimbres, Middle and Lower Rio Grande, Las Animas, Hot 
Springs Artesian, and Lordsburg Underground Water Basins declared by the New Mexico Office of the 
State Engineer.  

Data provided by the State Engineer’s Office indicates that approximately one percent of context area 
groundwater wells occur on Forest. Appendix D contains a table based on information from the New 
Mexico, Arizona, and Texas Offices of the State Engineers about the number of wells within the context 
and plan areas, both on and off-Forest. Wells constructed on the Gila NF are able to be used for domestic, 
livestock, irrigation, municipal, industrial, and commercial purposes, although not all wells can be used for 
all purposes. Most are currently used to provide livestock water, providing a secondary benefit as water 

                                                      
28 Basin fill aquifers are thick deposits of sediment that accumulated in valley bottoms.  
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for wildlife. Wells on the Gila NF also provide water for 15 drinking water systems associated with 
recreation and administrative sites (see Chapter 14: Infrastructure).  

Groundwater recharge occurs as a result of mountain-front or alluvial mechanisms. Mountain-front 
recharge is very important in arid and semiarid regions like the Southwest. It occurs as the result of higher 
precipitation and lower temperatures in the mountainous areas, the relatively shallow nature of mountain 
soils compared to lower lying area and fractured nature of the bedrock. Alluvial recharge occurs as a result 
of high flow events, originating from Forest streams. The importance of alluvial recharge has been 
emphasized in the Mimbres subbasin (Conover and Akin 1942). Recharge rates are very slow. 

Locally important, but relatively small, shallow alluvial aquifers are found in valley bottoms across the plan 
area. Groundwater is both recharged and discharged in these aquifers. Zones of recharge and discharge 
may change over time along any particular stream in response to surface runoff contributions and changes 
in channel and floodplain location and materials. Also of local importance are perched aquifers. Although 
information describing their extent and distribution is not available, these aquifers support springs, seeps 
and wetlands on the Forest.  

Anything that impacts any element of the hydrological cycle, has the potential to impact groundwater 
quantity through alteration of recharge and discharge patterns. Climate change and associated declines in 
snowpack and alterations to streamflow are of particular relevance, as is balance between water supply 
and demand.   

There is limited scientific information available related specifically to groundwater, climate and climate 
change. However, the information that is available has largely been the result of studies conducted in arid 
and semiarid regions, such as the Gila NF is located in. The evidence suggests that groundwater flowing in 
these regional aquifers accumulated thousands of years ago, before and during the last ice age, and that 
very little has accumulated since, rendering groundwater a non-renewable resource (Taylor et al. 2012). 

The primary impact of climate change on groundwater resources is indirect, such as the increased demand 
for groundwater by human populations during times of drought. Prior to European settlement, 
groundwater use was probably limited to natural discharge from springs and baseflow provided during 
low streamflow periods. The reference condition for groundwater is that the rate of discharge did not 
exceed the recharge rate. However, as discussed in the Chapter 9: System Drivers and Stressors, this is not 
currently the case. This characteristic is considered to be in high departure and trending away from 
reference at context and plan scales.   

Risk 
Risk to groundwater quantity is driven by climate and water use. The Gila NF does not have the ability or 
authority to control or influence either of these things. Regardless, risk is assessed here, and is a direct 
reflection of departure. There is a high risk at both the context and plan scales. As droughts are expected 
to become more frequent and severe with climate change (IPCC 2007; Seager et al. 2007), and since most 
of the groundwater pumped is used for irrigation purposes, demand may be expected to increase 
independent of population trends. Groundwater supply, on the other hand, is expected to decline. It has 
been estimated that over the next several decades, the western United States could experience a 10 to 30 
percent reduction in groundwater recharge (Taylor et al. 2012), elevating the risk to groundwater 
sustainability. The Gila NF has observed a large increase over the last three years in the number of wells 
on the Forest that need to be deepened because they are no longer producing enough water. There has 
also been an observed increase in the number of new wells needed to supplement livestock grazing 
allotments with unreliable surface water.  
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Springs, Seeps and Non-Riverine Wetlands 
The following analysis concerns the occurrence, extent and distribution of springs, seeps and non-riverine 
wetlands. It does not analyze any riparian vegetation communities that may be associated with these 
resource features. That is done in Chapter 7: Riparian of the assessment report. The water associated with 
riverine wetlands is accounted for in the perennial and intermittent streams, and streamflow analyses. 
These streamside wetlands cannot be separated from the streams themselves. 

Groundwater is discharged to springs, seeps and wetlands in a variety of ways. The perched aquifers 
previously mentioned, are zone of saturated soils that form above a layer of low-permeability and the 
main water table. Depression springs are located in low lying areas where the surface topography 
corresponds with a near surface groundwater table. These types of springs typically receive some 
contribution from surface runoff as well. Contact springs are associated with abrupt changes in rock type. 
Springs also occur along fault lines, or where there are joints or fractures in the rock. Springs or seeps may 
or may not be associated with wetlands or riparian vegetation and some wetlands are not supported by 
groundwater. Nor do all wetlands support riparian or wetland species; playa lakes, as described 
subsequently, are an example. 

Because of data limitations that prevent separation of wetlands that are supported by groundwater and 
those that are not, all wetlands, except riverine wetlands, are considered here. Riverine wetlands are 
considered in Chapter 7: Riparian.  The US Fish and Wildlife Service (USFWS) National Wetlands Inventory 
describes plan and context area wetlands in terms of riverine, freshwater emergent and freshwater 
forested/shrub. Wetlands that do not rely on groundwater are typically seasonal and occur in low lying 
areas where the surface topography does not correspond with a high in the water table, such as playa 
lakes. While they may support upland vegetation that are adapted to periods of inundation and the salt 
accumulations that can occur in these systems, obligate wetland or riparian species are typically not 
present. Very few of these types of wetlands are known to occur on the Forest. They do exist to a larger 
extent within the context area.  

Analysis Methods 
The representativeness and redundancy approach utilized to assess the extent and distribution of 
perennial and intermittent streams, and associated limitations are also applied to the analysis of springs, 
seeps and wetlands. 

Plan Area 
The Forest does not have a detailed inventory of springs and seeps or non-riverine wetlands. Information 
about the extent and distribution of these features is limited to the NHD and the USFWS National Wetlands 
Inventory. The NHD documents what is known about the location and number of springs and seeps in the 
plan and context area, but does not provide any information as to whether they produce water seasonally, 
all year long, or if they no longer produce water at all. The USFWS wetlands dataset provides national 
coverage, but has not been entirely verified on the ground. Table 142 lists each of the 49 plan area 
watersheds and displays total watershed area, watershed area located on Forest, total number of springs 
and seeps, and acres of non-riverine wetlands, as well as the percentage occurring on and off-Forest. 
Appendix D contains a table with the same information but including the subwatersheds. 
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Table 142.  Plan area extent and distribution of springs, seeps and non-riverine wetlands  

 Watershed Area Springs/Seeps 
(number) 

Non-Riverine Wetlands 
(acres) 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total On Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Plains of San Agustin Subbasin       
Nester Draw 169,190 5,328 3 32 0 0 0 0 -- 

Patterson 
Lake 207,398 78,514 38 30 12 40 18 0 0 

Y Canyon 97,476 52,140 38 3 2 67 0 0 -- 
Elephant Butte Reservoir Subbasin       

Headwaters 
Alamosa Creek 257,399 40,451 16 19 0 0 0 0 -- 

Caballo Subbasin         
Caballo 

Reservoir 247,026 52,993 21 35 21 60 2,423 68 3 

Cuchillo 
Negro Creek 236,142 76,046 32 33 21 64 7 0 0 

Palomas 
Creek-Rio 

Grande 
234,606 57,833 25 40 22 55 1,548 21 1 

Percha Creek 77,379 24,763 32 25 18 72 85 0 0 
El Paso-Las Cruces Subbasin        
Cuervo Arroyo-

Rio Grande 226,938 37,572 17 39 25 64 195 0 0 

Mimbres Subbasin         
Cow Spring 

Draw-
Seventysix 

Draw 

184,549 3,070 2 1 0 0 0 0 -- 

Gallinas 
Canyon-

Mimbres River 
205,881 151,448 74 67 64 96 468 39 8 

Headwaters 
San Vicente 

Draw 
144,197 26,072 18 29 23 6 0 0 -- 

Lampbright 
Draw 92,105 2,351 3 5 0 0 0 0 -- 

Lampbright 
Draw-Mimbres 

River 
124,477 20,713 17 19 12 7 896 0 0 

Macho Creek 213,735 3,641 2 13 0 0 37 0 0 
Outlet San 

Vicente Draw 160,634 1,684 1 9 1 11 0 0 -- 

Upper 
Seventysix 

Draw 
114,409 1,313 1 3 2 67 0 0 -- 

Little Colorado Headwaters Subbasin        
Coyote Creek 147,501 13,510 9 16 5 31 52 0 0 
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 Watershed Area Springs/Seeps 
(number) 

Non-Riverine Wetlands 
(acres) 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total On Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Carrizo Wash Subbasin         
Agua Fria 
Creek 218,968 76,850 35 29 21 72 5 0 0 

LA Draw-
Cienega 
Amarilla 

160,256 7,918 5 16 3 19 34 0 0 

Rito Creek 279,878 37,218 13 35 21 60 107 0 0 
Upper Largo 

Creek 98,300 75,156 76 16 9 56 7 0 0 

Upper Gila Subbasin         
Beaver Creek 147,638 79,799 54 5 3 60 0 0 -- 

Corduroy 
Draw 111,118 68,279 61 10 8 80 0 0 -- 

Headwaters 
East Fork Gila 

River 
193,943 192,473 99 32 30 94 153 140 91 

Middle Fork 
Gila River 218,844 218,128 >99 26 24 92 716 705 98 

Outlet East 
Fork Gila River 104,412 103,887 99 19 18 95 413 384 93 

Railroad 
Canyon 89,105 14,046 16 0 0 -- 0 0 -- 

Sapillo Creek 110,693 108,907 98 25 24 96 19 19 0 
Sapillo Creek-
Gila River 189,860 181,341 96 56 56 100 301 269 89 

West Fork 
Gila River 103,948 102,439 99 23 21 91 312 275 88 

Upper Gila-Mangas Subbasin        
Apache 

Creek-Gila 
River 

237,306 12,270 5 62 14 23 252 0 0 

Bear Creek 103,985 65,069 63 56 46 82 1 0 0 
Blue Creek 88,931 3,428 4 7 0 0 3 0 0 
Blue Creek-
Upper Gila 

River 
186,504 46,732 25 56 26 46 742 267 36 

Duck Creek 144,993 16,862 12 4 4 100 3 <1 <1 
Mangas 
Creek 130,597 50,698 39 32 21 66 5 0 0 

Sycamore 
Creek-Upper 

Gila River 
121,829 3,601 3 8 3 5 709 41 6 

Animas Valley Subbasin         
Headwaters 

Burro Cienega 109,203 17,666 16 2 1 50 0 0 -- 
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 Watershed Area Springs/Seeps 
(number) 

Non-Riverine Wetlands 
(acres) 

Watershed 
Name 

Total 
(acres) 

Gila NF 
(acres) 

% 
Gila 
NF 

Total On Gila 
NF 

% On 
Gila 
NF 

Total On Gila 
NF 

% on 
Gila NF 

Lordsburg 
Draw 221,184 41,617 19 20 18 90 0 0 -- 

Outlet Burro 
Cienega 179,037 291 <1 1 0 0 0 0 -- 

San Francisco Subbasin         
Centerfire 

Creek-San 
Francisco River 

267,108 207,266 78 185 84 45 537 91 17 

Deep Creek-
San Francisco 

River 
153,321 149,537 98 39 38 97 120 86 72 

Headwaters 
Tularosa River 225,391 211,838 94 68 51 75 351 29 8 

Lower Blue 
River 198,105 277 <1 215 0 0 240 0 0 

Mule Creek-
San Francisco 

River 
244,422 121,064 50 118 56 47 402 71 18 

Outlet 
Tularosa River 184,206 180,493 98 44 42 95 133 37 72 

Pueblo 
Creek-San 

Francisco River 
226,379 198,993 88 52 44 85 245 175 71 

Upper Blue 
River 198,049 27,915 14 128 4 3 607 0 0 

Total 8,388,553 3,271,497 39 1807 918 51 12,146 2,718 22 
 

The results of the representativeness and redundancy analyses for springs and seeps are presented in 
Figure 112 and Figure 113, followed by Figure 114 and Figure 115 displaying the same information for non-
riverine wetlands. 
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Figure 112. Representativeness of springs and seeps in plan area watersheds 

 

Narrative Legend 
 
Watersheds in white are 
proportionally representative 
 
Watersheds in light gray are 
overrepresentative 
 
Watersheds in dark gray are 
underrepresentative 
 
Watersheds with hatching 
indicate no springs/seeps 
present on Forest 
 
The black line is the Gila NF 
boundary 

Private property within the Gila 
NF boundary is not shown to 

maintain readability. 
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Figure 113. Redundancy of springs and seeps in plan area watersheds 

Narrative Legend 
 
Watersheds in white are 
redundant 
 
Watersheds in gray are not 
redundant 
 
Watersheds with hatching 
indicate no springs/seeps 
present on Forest 
 
The black line is the Gila NF 
boundary 

Private property within the Gila 
NF boundary is not shown to 

maintain readability. 
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Figure 114. Representativeness of non-riverine wetlands in plan area watersheds 

Narrative Legend 
Watersheds in white are 
proportionally representative 
 
Watersheds in light gray are 
overrepresentative 
 
Watersheds in dark gray are 
underrepresentative 
 
Watersheds with hatching 
indicate no non-riverine 
wetlands present on Forest, 
crosshatching indicates none 
within subwatersheds on or 
off Forest in subwatersheds 
intersecting Forest boundary 
(the black line) 
 

Private property within the Gila 
NF boundary is not shown to 

maintain readability. 
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Figure 115. Redundancy of non-riverine wetlands in plan area watersheds 

Narrative Legend 
 
Watersheds in white are 
redundant 
 
Watersheds in gray are not 
redundant 
 
Watersheds with hatching 
indicate no non-riverine 
wetlands present on Forest; 
crosshatching indicates none 
on or off Forest within 
subwatersheds that intersect 
the Forest boundary. 
 
The black line is the Gila NF 
boundary 

Private property within the Gila 
NF boundary is not shown to 

maintain readability. 
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Context Area 
Table 143 displays the number of springs and seeps and acres of non-riverine wetlands by subbasin, and 
the portion located within the Forest. 

Table 143. Extent and distribution of springs and seeps, and non-riverine wetlands within the 
context area. 

Subbasin Name 
Number of Springs and Seeps Acres of Non-Riverine Wetlands 

Total On Gila NF Total On Gila NF 

Plains of San Agustin 83 14 18 0 

Elephant Butte Reservoir 115 0 11,787 0 

Caballo 133 82 4,062 90 

El Paso-Las Cruces 58 25 1,310 0 

Mimbres 164 102 1,408 39 

Little Colorado Headwaters 168 5 1,016 0 

Carrizo Wash 118 54 285 0 

Upper Gila 196 184 1,914 1,791 

Upper Gila-Mangas 235 114 1,941 308 

Animas Valley 29 19 2 0 

San Francisco 912 319 2,836 490 

Total 2,211 918 26,579 2,718 

 

The Gila NF occupies 17 percent of the context area (Table 121) and contains 42 percent of the total 
number of springs and seeps and 10 percent of the non-riverine wetland acres. The opportunities for the 
Forest to contribute to sustainability of springs and seeps is directly related to their occurrence on Forest. 
In regard to non-riverine wetlands, this is also the case except where those wetlands are contiguous across 
jurisdictions. The Forest’s contributions to integrity and sustainability and opportunities are greatest for 
both springs and seeps, and non-riverine wetlands in Upper Gila, San Francisco, Upper Gila-Mangas, 
Mimbres and Caballo. Other jurisdictions and their contributions and opportunities to integrity and 
sustainability are important in all subbasins. 

Risk 
The results of the representativeness and redundancy analysis are applied to the assessment of risk to the 
extent and distribution of springs and seeps, and non-riverine wetlands using the matrix displayed as Table 
144. In watersheds that do not contain any springs and seeps, or non-riverine wetlands in subwatersheds 
that intersect the Forest boundary, there is no risk.  
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Table 144. Risk matrix for representativeness and redundancy analysis results. 
 Redundant Not Redundant 

Proportionally Represented Low Risk Moderate Risk 

Not Proportionally Represented Moderate Risk High Risk 

 

The results of the watershed scale risk assessment are displayed in Figure 116 (springs and seeps) and 
Figure 117 (non-riverine wetlands). 
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Figure 116. Risk to springs and seeps across the plan area. 

 

Narrative Legend 
 

White indicates low risk 
 
Light gray indicates 
moderate risk 
 
Dark gray indicates high 
risk 
 
Hatching indicates no data 
 
The black line is the Gila 
NF boundary. To maintain 
readability, private 
property within the 
admistrative boundary is 
not shown. 
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Figure 117. Risk to non-riverine wetlands across the plan area. 

  

Narrative Legend 
 

White indicates low risk 
 
Light gray indicates moderate 
risk 
 
Dark gray indicates high risk 
 
Single hatching indicates no 
data on Forest 
 
Cross hatching indicates no data 
for the entire watershed. 
 
The black line is the Gila NF 
boundary. To maintain 
readability, private property 
within the admistrative boundary 
is not shown. 
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There is no relationship between risk interpreted from the representativeness and redundancy analysis 
and the status of system drivers or stressors, including Gila NF management. Rather, it is mostly a reflection 
of climate, site specific topography and patterns of land ownership. Private property within the Gila NF 
administrative boundary tends to be located near water sources, which causes these features to be 
underrepresented on Forest in some cases where it might appear reasonable to expect proportional 
representation. Because these features are relatively small, they are more susceptible to impacts related 
to management activities. In particular, those springs and seeps, and non-riverine wetlands that are 
seasonal or produce relatively small quantities of water are more likely to be dry up when fire or herbivory 
reduces the vegetative canopy that shades them, reduces site temperatures and therefore evaporation; 
while transpiration losses are reduced, evaporative losses are increased. The most significant risk to 
springs and seeps from management activity is development. Spring development involves any method or 
practice that diverts water produced by the spring and/or alters natural water flow paths. Based on the 
Gila NF’s range improvements database 49 percent of the springs occurring on Forest have been developed 
to provide livestock water. As with the stock tanks discussed under the Waterbodies heading, there is no 
information on the reliability of the water produced from these springs. The relationship between how 
much water the spring produces, and how much is diverted is important to understand the magnitude of 
the ecological risk. While the water that is left is still available to support ecological values, its potential to 
do so is reduced. This competition between ecological and socio-economic demands for water, as well as 
climate change are the primary stressors contributing to risk. 

Forest and local unit risk is assessed by assigning each local unit the risk category associated with the 
majority of its area. Based on this approach, the Forest and all local units are associated with a moderate 
risk to springs and seeps, except the Upper Gila local unit which is associated with a low risk. With respect 
to non-riverine wetlands, there is a high risk Forest-wide. Risk in all local units except Lower Gila is also 
high. Risk is low in Lower Gila because most of this local unit’s area does not contain non-riverine wetlands 
across much of its area. This should not be taken to mean the wetlands in this local unit are of lesser value. 
All wetlands are ecologically important.  

Groundwater Quality 

There is not a lot of information about groundwater quality in the context or plan area. The State of New 
Mexico, through the Water Quality Control Commission, has developed regulations (20.6.2 NMAC) to 
protect groundwater resources. The State of New Mexico also relies on its State Drinking Water Rules that 
incorporate regulations in the federal Safe Drinking Water Act and establish additional requirements. The 
Safe Drinking Water Act and State Drinking Water Rules only apply to public water systems. Groundwater 
quality monitoring is typically only conducted at facilities with a permit to discharge pollutants or when 
individuals test their own domestic well water (NMED 2014b).  

However, there is some departure from historic groundwater quality conditions in and around the Forest 
associated old landfills, historic mining activity and leaky underground storage tanks. These are 
documented by the soil contamination attribute of the watershed condition classification’s soil condition 
indicator and would not have existed prior to European settlement. Historic mines are documented as a 
concern in five subwatersheds: Gavilon Arroyo-Mimbres River in Lampbright Draw-Mimbres River 
watershed and Headwaters Cow Spring Draw in Cow Spring Draw-Upper Seventysix Draw watershed, both 
in the Mimbres subbasin; Willow Creek-Mangas Creek in Mangas Creek watershed of Upper Gila-Mangas 
subbasin; and Hoodoo Canyon-Lordsburg Draw and Outlet Thompson Canyon in Lordsburg Draw 
watershed of the Animas subbasin.  

In Cold Springs-Tularosa River of Headwaters Tularosa River watershed (San Francisco subbasin) there is a 
leaky underground fuel tank of concern to soil, groundwater and surface water quality as fuel is moving 
toward the Tularosa wetlands near Apache Creek, NM. There is also an old landfill in Starkweather Canyon 
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of Centerfire Creek-San Francisco River watershed (San Francisco subbasin). There are some documented 
cases of groundwater contamination due to septic tanks within the context area on private property, but 
none are known to have impacted Forest groundwater resources. While there are localized groundwater 
quality concerns, the departure from pre-European groundwater quality is low overall. There is no 
information available to assess trend. 

Risk 
Based on low departure, there is a low risk to groundwater quality at all scales considered in this 
assessment.  

Stakeholder Input 
Watersheds and water resources are of great concern to the Gila NF and stakeholders. From stakeholder 
input received during the assessment, the importance of water to the overall health of the Forest, aquatic 
and riparian species, and recreational and economic value of the Forest were frequently visited topics.  
Observations concerning poor watershed conditions and water quality, altered streamflow, reduced 
streamflow and water availability in uplands springs and earthen tanks were common to all communities. 
Some are also concerned about groundwater supplies and declining recharge.  

Some appreciate the challenges of balancing competing demands on water resources provided by the 
Forest and recognize that water has and will always be a limited and limiting ecological and economic 
resource. Others just want the Forest to provide more of it. While all desire clean and abundant water 
resources from watersheds that are functioning properly, there is disagreement of what that means and 
how to move toward those conditions. 

There is broad recognition of altered ecological processes (stressors) due to Forest management but 
conflict regarding the causes and possible solutions. Poor watershed conditions are associated with fire 
suppression, altered fire regimes and post-fire effects, as well as increased densities of upland woody 
vegetation, reductions in timber harvesting and grazing, overgrazing by both livestock and elk, roads and 
trails, recreation, drought, and climate change. Increased timber and fuelwood harvesting, more grazing 
and less grazing, and construction of erosion control structures are proposed management solutions.  

Roads, trails and recreation are also viewed as contributing to poor watershed conditions and water 
quality, but are valued for providing recreational and livestock management access to water resources. 
Timber harvesting and associated road maintenance, more frequent road maintenance, improved 
drainage features, and decommissioning of roads are proposed management solutions. Monitoring and 
maintenance of recreational facilities in drainage bottoms for water quality and stream health is 
recommended. Monitoring and managing upland recreational facilities and dispersed camping sites to 
improve watershed condition and protect water quality are also suggested. 

Livestock access to perennial and intermittent streams is perceived both as something to be restricted and 
something that should not be restricted. Management recommendations include maintenance of existing 
livestock exclosures, construction of new exclosures and removal of all exclosures. These 
recommendations also apply to upland springs and wetlands. The construction of wetlands was also 
suggested. 

The availability, reliability and quality of upland water resources are a concern. Many livestock tanks and 
wildlife waters are no longer functioning and in need of maintenance. Eutrophication and poor water 
quality associated with these developments could be improved with maintenance as well. There are 
springs that used to produce water are no longer doing so and many spring developments require 
maintenance. Partnerships are a suggested method to accomplish this work. 
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The importance of the ecosystem services provided by groundwater, in terms of livestock management 
and contributions to stream flow are recognized and declining groundwater tables are a concern. These 
concerns are largely attributed to climate change and declining snowpack. 

Altered streamflow and associated reduction in water quantity are attributed to climate change, drought, 
changes in channel shape and function related to post-fire and livestock grazing, increased densities of 
upland woody vegetation, as well as native and non-native riparian vegetation.   

There is great concern about interstate water compacts, future impacts to water resources, and therefore 
riparian and aquatic ecosystems on the Forest. There are also concerns about possible implications any 
Forest management decisions, or lack thereof, might influence the ability of streamflow to continue to 
support ecological values or interfere with the State’s administration of water rights and local economies 
dependent on water use. These concerns are mostly specific to the Arizona Water Settlement Act and the 
proposed diversion of the Gila River and San Francisco rivers. The public holds conflicting viewpoints. 

On one hand, many value the free flowing nature of the rivers for their ecological and recreational value 
and are concerned about negative impacts to those values resulting from a diversion. Their interest in plan 
revision includes a full consideration of ecological flow needs, climate change and the supporting science. 
A substantial body of scientific literature supporting their concerns, including but not limited to the Gila 
River Flow Needs Assessment, was provided during the assessment. 

On the other hand, there are those that point to the historic and current water diversions for irrigation in 
along the rivers and feel the Gila River can remain free flowing in designated wilderness, but that 
downstream water users should continue to decide what do with the water. The concern being that 
changes in the Forest’s land management plan could negatively affect downstream water rights holders 
or impinge on the State’s ability to exercise its legal rights to administer water use. 

After release of the draft assessment report, additional comments regarding water and watersheds were 
received. Many expressed concerns and ideas similar to those received earlier in the assessment phase. 
Others brought new perspectives on Forest issues and some offered concerns and opinions regarding this 
chapter of the draft assessment report. New perspectives included: the idea that livestock grazing permit 
holders could be cooperators in completing a Forest inventory of stock tanks; beavers should be provided 
greater protection; and reintroduction of the river otter. 

With respect to input and feedback received on the draft assessment report, some believe the watershed 
condition classification provides an accurate assessment of conditions on the ground and assert that 
placing high priority on watershed and soil management is the key to ecological sustainability.  Many 
perceived contradictions between conditions described in this chapter and the assessment of range 
conditions provided in Chapter 11: Multiple Uses. Others were alarmed at the watershed condition 
classification indicator scores for riparian vegetation condition and function and pointed to those scores 
as a clear need for change in management. Some questioned why certain uses (e.g. motorized travel and 
livestock grazing) were permitted in riparian areas that were classified as Functioning at Risk and identified 
specific areas where exclosures are in need of maintenance. Some felt the analysis of wetlands presented 
in this chapter should have included completed studies of riverine wetlands. A single comment pointed at 
the lack of current data regarding macroinvertebrates and concern for aquatic passage where roads cross 
streams. Some disagreed with the approach of counting miles of impaired streams by cause paints a 
poorer picture of water quality on the Forest than exists. Others were concerned about the purpose of the 
representativeness and redundancy analyses, fearing that those results would be used to justify lesser 
degrees of water resource protection in watersheds that were overrepresentative and/or redundant when 
all water resources are at risk under climate change predictions. 
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Summary 
This assessment reviews the best available information at the subbasin, watershed and subwatershed level 
to explore the ability of the Forest’s water resources to sustain the key ecosystem services they provide 
under current climate, existing budgets and Forest Plan direction. These ecosystem services are associated 
with watershed condition, streamflow, the extent and distribution of perennial and intermittent streams, 
springs, seeps and wetlands, surface water quality, aquatic biota and groundwater quantity and quality. 
Table 145 summarizes risk for these characteristics at the watershed scale (only for subwatersheds that 
intersect the Forest boundary), Forest and local unit scales. An entry of “L” represents low risk, “M” 
represents moderate risk, ”H” high risk, and “VH” very high.  No risk is assigned only where the 
characteristic analyzed is not present at a particular scale (“N”) or there is no information (“ND”). Factors 
contributing to risk have been discussed throughout this chapter and Chapter 9: System Drivers and 
Stressors.  
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Table 145. Water resources risk summary by characteristic at the watershed, Forest and local unit 
scales.  
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Plains of San Agustin Subbasin          

Nester Draw L H M L L N N N N H L 

Y Canyon L N N L L N N M N H L 

Patterson Lake L H H L L L H L N H L 

Elephant Butte Reservoir Subbasin         

Headwaters 
Alamosa Creek 

L H M L L L L N N H L 

Caballo Subbasin           

Cuchillo Negro 
Creek 

M H M L L N N M N H L 

Palomas Creek-
Rio Grande 

M M H L L L H M H H L 

Percha Creek M L M M M N N M  H H L 

Caballo 
Reservoir 

H M M H M L L M N H L 

El Paso-Las Cruces Subbasin          

Cuervo Arroyo-
Rio Grande 

M H M M M H L M N H L 

Mimbres Subbasin           

Gallinas 
Canyon-
Mimbres River 

M M H H H M H M H H L 

Headwaters 
San Vincente 
Draw 

M M M N L H L M N H L 
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Watershed 
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Outlet San 
Vincente Draw 

ND M H N L N N M N H L 

Lampbright 
Draw 

M N N L L N N N N H L 

Lampbright 
Draw-Mimbres 
River 

M H M M M H H M N H L 

Macho Creek L N N L L N N N N H L 

Upper 
Seventysix 
Draw 

ND H L ND L N N M N H L 

Cow Spring 
Draw-
Seventysix 
Draw 

M N N N L N N N N H L 

Little Colorado Headwaters Subbasin         

Coyote Creek M M H L L N N M N H L 

Carrizo Wash Subbasin           

Rito Creek L H H L L N N M N H L 

Upper Largo 
Creek 

M H H M L M M M N H L 

Agua Fria Creek L M H L L N N M N H L 

LA Draw-
Cienega 
Amarilla 

M L L L L N N M N H L 

Upper Gila Subbasin           
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Watershed 
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Railroad 
Canyon 

L N N L L N N N N H L 

Corduroy 
Canyon 

L N M L L N N M N H L 

Beaver Creek L M H M M H H M N H L 

Headwaters 
East Fork Gila 
River 

M L M L M M M L L H L 

Middle Fork 
Gila River 

M L L M M M H M L H L 

West Fork Gila 
River 

M L L M M M H L L H L 

Outlet East 
Fork Gila River 

M M M M M M H M L H  L 

Sapillo Creek L L L M L M M L L H L 

Sapillo Creek-
Gila River 

M L H M M M H L M H L 

Upper Gila-Mangas Subbasin          

Bear Creek M H L L L L H M N H L 

Duck Creek M M M L L H H H N H L 

Mangas Creek M H M L L M H M N H L 

Sycamore 
Creek-Upper 
Gila River 

M M M H M M 
H 

M M H L 

Blue Creek L H H L L L N N N H L 
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Watershed 
Name 

 Key Ecosystem Characteristic 
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Blue Creek-
Upper Gila 
River 

M H L M M M H M M H L 

Apache Creek- 
Gila River 

M M H M L H H M N H L 

Animas Valley Subbasin           

Headwaters 
Burro Cienega 

M N N H L N N H N H L 

Outlet Burro 
Cienega 

ND H H H L N N N N H L 

Lordsburg Draw M H H H M N N M N H L 

San Francisco Subbasin           

Headwaters 
Tularosa River 

M M H M M M 
L 

M H H L 

Outlet Tularosa 
River M H M M 

 

M 
M H L H H L 

Centerfire 
Creek-San 
Francisco River 

M M M VH M M M M H H L 

Deep Creek-San 
Francisco River 

M M M M L M H M H H L 

Pueblo Creek-
San Francisco 
River 

H L H H M M H M H H L 

Upper Blue 
River 

M M M M L M H M N H L 
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Watershed 
Name 

 Key Ecosystem Characteristic 
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Lower Blue 
River 

L L L L L N N M N H L 

Mule Creek-San 
Francisco River 

M M M L M M M L H H L 

            

Forest M M M L-VH M M M-H M H H L 

Local Unit            

Little Colorado-
San Agustin 
Fringe 

M M M L-VH M M H M H H L 

Apache M M M L-VH M M M M H H L 

Mogollon Front M M M L-H M M H M H H L 

Black Range M M M L-VH M L-M M M H H L 

Upper Gila M L L M M M H L H H L 

Lower Gila M M L L-H L M H M L H L 

 

Most watersheds are associated with a moderate risk to sustainability primarily due to issues identified by 
the aquatic biota, aquatic habitat, riparian/wetland vegetation, water quality, water quantity, soil 
condition, roads and trails, fire regime/wildfire effects and rangeland vegetation condition indicators of 
watershed function. Two watersheds are associated with a high risk to sustainability. Caballo Reservoir is 
at high risk, primarily due to the effects of the 2013 Silver Fire. Pueblo Creek-San Francisco River is at high 
risk due to issues identified by the indicators listed above and effects of the 2012 Whitewater Baldy 
Complex Fire, although this watershed would have been placed in the high risk category even if the 
Whitewater Baldy Complex Fire had not occurred. Overall, most risk is associated with drought, legacy 
issues of past management and current management that is insufficient to mitigate these risks.  Risk 
associated with the water quantity indicator (i.e. alterations to the natural streamflow hydrograph) is due 
to existing water diversions or controls and/or significant wildfire effects. Climate change and future 
development of water resources pose additional risk to water quantity.  
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With respect to the aquatic biota ecosystem characteristics (i.e. species richness and extent and 
distribution of native and non-native species), most risk is due to non-native species that are out-
competing natives to varying degrees; the higher the risk rating, the larger the problem. In some cases, 
alterations of the natural streamflow hydrograph, due either to post-fire effects or water diversions or 
controls are negatively impacting aquatic species. Current management has met with some success, but 
much more work is necessary to maintain sustainability of native aquatic species.  

Risk associated with water quality is moderate at the Forest and local unit scales, except in the Lower Gila 
local unit where risk is low. This may be associated with the number of watersheds containing very little 
water. This is also a factor in many watersheds with low risk to water quality. There is high risk associated 
with water quality in eight watersheds, including three that drain to the Gila River, four that drain to the 
San Francisco River above its confluence with the Gila River and one that drains to the Mimbres River. 
Causes vary but are primarily associated with stream temperatures that are too warm to meet their 
designated uses for aquatic habitat. Other contributing causes in these watersheds include excessive plant 
nutrients/eutrophication, E. coli and sediment related issues, although not all causes are present in each 
of these eight watersheds. NMED has and is conducting Use Attainability Studies to determine if 
designated uses and associated standards are appropriate for many of the Forest’s streams. Regardless, 
management that moves watersheds toward Functioning Properly ratings and supports healthy riparian 
ecosystems can mitigate risks to water quality.  Where non-riverine wetlands exist, there is generally a 
high risk in watersheds where they are few in number and unevenly distributed and low risk where there 
are more and distribution is more even. The same is true of perennial and intermittent streams, springs 
and seeps. However, limitations of the analysis approach include the fact that the assumptions it is based 
on may or may not hold true in the environment. It is a purely mathematical analysis approach and 
provides no consideration of the status of system drivers or stressors, including Gila NF management. 
Rather, it is mostly a reflection of climatic factors and patterns of land ownership.  

The assessment of streamflow risk is tied to the water quantity indicator. It is also associated with the 
greatest degree of uncertainty due to the limited number of streamflow gages and the time scales over 
which data are available. However, drying trends are apparent in some systems and average streamflow 
has decreased in the winter and spring months (December-May), peak snowmelt runoff is occurring earlier 
and the snowmelt runoff period is decreasing, and the duration of late spring-early summer low flow 
periods are increasing. These changes are consistent with climate change projections and have enormous 
ecological and socioeconomic implications.  

There is a high risk associated with groundwater quantity and low risk associated with groundwater quality 
at all scales. The risk to groundwater quantity arises from current and future demand for groundwater 
resources that exceed the rate of groundwater recharge.  Risk to groundwater quality is localized and 
primarily associated with septic systems and old mining operations or landfills on or adjacent the Forest.  

Given climate change predictions, current and future demand for water, and future water developments, 
all water features and water dependent resources are undoubtedly at risk.  While management does not 
have the ability or authority to control or influence climate change or water use, emphasis on management 
approaches that increase water conservation, and anticipate reductions in water supply and increased 
frequency and severity of damaging storms will become increasingly important to ecological sustainability 
and the sustainability of multiple uses across the Forest in the future. 
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Chapter 7. Riparian 
Introduction 
Riparian areas are affected by the presence of surface and subsurface, perennial or intermittent, flowing 
or standing bodies of water. They are composed of distinctively different vegetative species than adjacent 
areas where water is more limited. In these systems, terrestrial and aquatic ecological processes are 
integrated. Riparian areas are defined by change and are adapted to disturbance. Because of variability in 
the amount, timing, distribution and duration of water availability in the Southwest, shifts in runoff, 
erosion, sedimentation, vegetation resistance to disturbance and resilience are site specific and episodic. 
This chapter includes a general description of riparian ecological response units (ERUs) occurring on the 
Gila NF, an analysis of key characteristics, a discussion of system drivers and stressors, an evaluation of 
risk, and summary of stakeholder input received during the assessment. Riparian ERUs are grouped based 
on similar dominant vegetative species which are:  

 Cottonwood Group ERUS 
o Narrowleaf Cottonwood/Shrub  
o Sycamore-Fremont Cottonwood 
o Fremont Cottonwood/Shrub 
o Fremont Cottonwood-Oak 

 Montane-Conifer Willow Group ERUs 
o Arizona Alder-Willow 
o Willow-Thinleaf Alder 
o Ponderosa Pine/Willow 
o Upper Montane Conifer/Willow 

 Wetland (ciénega) ERU 
o Herbaceous Riparian 

 Walnut-Evergreen Tree Group ERUs 
o Arizona Walnut 
o Walnut/Ponderosa Pine29 

 Desert Willow Group ERU 
o Desert Willow 

These groupings provide a framework for the analysis of most key characteristics, which include: 

 Seral state proportion (structure) 

 Ecological status (composition)  

 Vegetative groundcover (function) 

 Vegetation condition (function) 

 Channel shape and function (function) 

 Large woody debris (function) 

 Flood frequency (process)30 

                                                      
29 The official ERU name is Little Walnut/Ponderosa Pine. However, the species of walnut present on the Gila NF is Arizona 
walnut (Juglans major (Torr.) A. Heller) not little walnut (Juglans microcarpa Berl.). 
30 Soil loss was not modeled for riparian soils as it is for upland soils. Soil loss models are not capable reflecting the complexity of 
the sediment transport processes involved in streamside environments. While there are certainly some capable watershed 
models that could model sediment transport within riparian areas, assessment time frames do not allow for their use. Even if 
assessment time frames did allow for their use, the available data would likely restrict their use in some or all riparian ERUs 
and/or groups of ERUs.  
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Due to the available data and the methods employed to utilize that data, large woody debris is analyzed 
outside of the group concepts. Flood frequency is first discussed outside of the group concepts, but is 
ultimately related back to the individual ERUs and group concepts. In the next few sections, ecosystem 
services, data, and analysis approach are described relative to each characteristic. Subsequently, each 
group is described and analyzed in terms of the characteristics identified in the preceding paragraph, 
followed by the large woody debris and flood frequency analyses. Riverine wetlands occur within several 
riparian ERUs and groups. Gila NF specific information is available regarding these wetlands, but that 
information is structured to major stream systems rather than ERUs. A discussion of this information 
follows the analysis of key characteristics. The risk assessment, stakeholder input, data gaps and summary 
sections conclude the chapter.  

Ecosystem Services of Riparian Resources 
Humans derive many benefits and enjoyment from the ecosystem services provided by the riparian 
resources on the Gila NF. Riparian zones contribute to provisioning and regulating services as they 
influence patterns of available water and nutrients, slow floodwaters, regulate stream temperatures, 
purify water, and contribute to the regulation of greenhouse gases and carbon storage. They provide a 
variety of supporting services as some of the greatest biodiversity occurs in riparian zones. One third of 
the Southwest’s vascular plant species occur in riparian areas (Webb et al. 2007) and approximately 75 to 
80 percent of all vertebrate species rely on riparian habitats despite the fact that they occupy  a very small 
percentage of the landscape (Chaney et al. 1990; Riley 2005). The Gila River supports some of the highest 
numbers of bird species in the lower 48 states of the US, including important breeding habitat (Gori et al. 
2014). Aquatic habitats and fish productivity are directly related to the health and function of riparian 
systems (Knutson and Naef 1997). They provide essential habitat for wildlife and aquatic species, including 
federally recognized and proposed threatened or endangered as well as sensitive wildlife and plant 
species. They also provide many cultural ecosystem services to society as they provide opportunities for 
recreation, personal enrichment, education and research. 

Data 
To assess seral state proportion, the same datasets identified in Chapter 2: Upland Vegetation were used 
with the exception of the dataset describing existing conditions. Instead of using the Midscale Existing 
Vegetation Mapping Project to describe current conditions, the 2016 Gila Riparian Existing Vegetation pilot 
project dataset is used. A field-based accuracy assessment has not been conducted on this pilot project. 
The watershed condition classification is used to assess vegetation condition and function, channel shape 
and function and large woody debris. With regard to riparian ecosystem characteristics, most of the 
information the watershed condition classification is based on the qualitative, field-based observations of 
the interdisciplinary team members, rather than quantitative data. The watershed condition classification 
is described in detail in Chapter 6: Water. The USGS streamflow gage data used in the streamflow analysis 
within Chapter 6: Water are also used to assess flood frequency as an ecological process and key 
characteristic for riparian.  

A riparian Terrestrial Ecological Unit Inventory (TEUI) was completed for the Forest in the 1990s. Some 
riparian ecological units were also documented as part of TEUI mapping completed for landscape scale 
project planning during that time period.  These completed inventories are part of the Gila NF’s draft TEUI 
dataset which is described in greater detail in the Data section of Chapter 4: Soil.  Riparian data collection 
and refinement of riparian ecological unit concepts are ongoing, but nearing completion. At present, there 
is no TEUI data documenting the Fremont Cottonwood/Shrub, Ponderosa Pine/Willow or 
Walnut/Ponderosa Pine ERUs. Completed surveys provide data summaries which are the primary 
information used to assess vegetative groundcover and ecological status. There are no TEUI data for lands 
that do not occur on National Forest System lands, therefore, these characteristics cannot be analyzed at 
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the context scale. Admittedly, this is not an ideal dataset upon which to conduct analyses because riparian 
areas can change much quicker than upland ecosystems, and such analyses are therefore associated with 
a greater degree of uncertainty; however, no other quantitative data exists to analyze these two 
characteristics for riparian at the scales used in the assessment.  

To account for significant changes in conditions due to recent post-fire flood events that have occurred 
since the TEUI data were collected, pre and post-2011 satellite imagery was used to detect observable 
change in riparian canopy cover, erosion and/or sedimentation. While changes can be seen in the satellite 
imagery, there is no way to differentiate between erosion and sedimentation (hence “erosion and/or 
sedimentation”). It is however, very clear where there has been a reduction in riparian canopy cover, 
vegetative groundcover and changes in channel shape and function because of how significant these 
events were. The year 2011 was chosen as a threshold because prior to that year, post-fire flood related 
impacts were localized, and not as widespread as they are now. Fires that occurred after the 2011 imagery 
was taken include the Wallow, Miller, Whitewater Baldy Complex and Silver Fires. An example illustrating 
changes observed via satellite imagery is provided in Figure 118 (pre-2011) and Figure 119 (post-2011). 
Reductions in riparian canopy cover and increases in unvegetated floodplain, indicative of either erosion 
or sedimentation are readily observed between the pre-2011 and post-2011 images. The results of the 
change detection are displayed in within each riparian group Table 146. Post-2011 imagery is from 2013; 
more recent satellite imagery for the Forest is not yet available.  

 
Figure 118. The Meadows on the Middle Fork of the Gila River, 2011 
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Figure 119. The Meadows on the Middle Fork of the Gila River, post-2011 

Table 146. Observable change in riparian canopy cover, erosion and/or sedimentation since 2011 

Ecological Response Unit 
Observable Change 
(% of Group or ERU) 

Cottonwood Group ERUS 22 

Narrowleaf Cottonwood/Shrub 24 

Sycamore-Fremont Cottonwood 24 

Fremont Cottonwood/Shrub 3 

Fremont Cottonwood-Oak 0 

Montane-Conifer Willow Group ERUs 63 

Arizona Alder-Willow 66 

Willow-Thinleaf Alder 77 

Ponderosa Pine/Willow 1 

Upper Montane Conifer/Willow 30 

Wetland (cienega) ERU 5 

Herbaceous Riparian 5 

Walnut-Evergreen Tree Group ERU 3 

Arizona Walnut 3 

Walnut/Ponderosa Pine 0 

Desert Willow Group ERU 6 

Desert Willow 6 

Area Weighted Gila NF Riparian ERU Total 25 
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Analysis Methods 
Seral State Proportion 

Analysis methods for this characteristic are the same as for upland vegetation. However, trend is not 
assessed because no Vegetation Dynamics Development Tool (VDDT) models, as used in the Upland 
Vegetation analysis, have been developed for riparian ERUs. 

Ecological Status and Vegetative Groundcover 
The analysis approach to the TEUI data, including how the reference and current condition are defined by 
the TEUI, is described in Chapter 4: Soil. Departure categories are elevated to moderate where the change 
detection describes post-fire flooding impacts across 33 to 66 percent of the ERU or group’s area. 
Departure is elevated to high where these changes have occurred over more than 66 percent of the ERU 
or group’s area.  Trend cannot be assessed as no quantitative monitoring data comparable to the TEUI 
currently exists.  

The limitations associated with the analysis approach to ecological status, as discussed in Chapter 4: Soil, 
remain true here, although to a lesser extent. If species diversity is high, but the same species are not 
present at each TEUI sample point location, this analysis methodology interprets that diversity as 
departure. Another factor that can contribute to site specific variability that may be contributing to 
departure is riparian soils. Riparian soils are highly diverse across both time and space. Not all soils have 
the same capacity to support riparian/wetland herbaceous species. Coarse textured soils that drain quickly 
are typically associated with lower ability to support herbaceous riparian species, while fine textured soils 
have a higher ability to do so. However, these soils may or may not support the same tree species, as tree 
roots access deeper soil layers than herbaceous species do.  

However, the riparian analysis uses data summaries prepared for the completed surveys as previously 
described, which provide a more robust statistical basis than what time allows for the raw data used in the 
upland soils analysis; thus, departure ratings for ecological status in riparian ecosystems are associated 
with less uncertainty than upland systems. The greatest factor contributing to uncertainty is the size of the 
dataset. Smaller datasets are generally associated with greater uncertainty. All riparian ERUs have smaller 
datasets as compared to most of the upland ERUs. Another factor contributing to uncertainty is the quick 
response to changes in management or disturbance that occurs in riparian ecosystems, because of the 
higher plant available water in these systems as opposed to upland systems. Because changes can occur 
periodically and relatively rapidly, riparian datasets can become less accurate as time passes. The more 
recent the data, the less uncertainty.  

Vegetation Condition, Channel Shape and Function, and Large Woody Debris 
Riparian/wetland vegetation condition, channel shape and function, and large (aka coarse) woody debris 
characteristics are assessed using those indicators or attributes from the Gila NF’s watershed condition 
classification as described in Chapter 6: Water. While this classification information is directly applicable 
to subwatersheds (6th level HUC) and cannot be correlated precisely at the ERU scale, watersheds and their 
riparian ecosystems respond to large scale disturbances as a single unit. The classification information 
does provide a general sense of riparian conditions with regard to these indicators and attributes.  As 
described in the next paragraph, the riparian/wetland vegetation condition indicator, is a qualitative 
measure of the more quantitative seral state proportion characteristic. The similarities and differences 
between these two analyses will be used as a point of comparison.  

Indicator and attribute ratings of Functioning Properly serve as the reference condition, with Functioning 
at Risk and Impaired Function representing a moderate and high departure respectively.  Riparian 
vegetation conditions that are Functioning Properly are defined as “native mid to late seral vegetation 
appropriate to the site’s potential dominates the plant communities and is vigorous, healthy and diverse 
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in age, structure, cover and composition on more than 80 percent of the riparian/wetland areas in the 
watershed. Sufficient reproduction of native species appropriate to the site is occurring to ensure 
sustainability. Mesic (i.e. riparian) herbaceous plant communities occupy most of their site potential. 
Vegetation is in dynamic equilibrium appropriate to the stream or wetland system” (Potyondy and Geier 
2011). Ratings of Functioning at Risk are defined as “native vegetation demonstrates a moderate loss of 
vigor, reproduction or growth, or it changes in composition, especially in areas most susceptible to human 
impact. Areas displaying light to moderate impact to structure, reproduction, composition and cover may 
occupy 25 to 80 percent of the overall riparian area with only a few areas displaying significant impacts. 
Up to 25 percent of the species cover or composition occurs from early seral species and/or there exist 
some localized but relatively small areas where early seral species dominates, but the communities across 
the watershed are still dominated by mid to late seral vegetation. Xeric (i.e. upland) herbaceous 
communities exist where water relationships have been altered but they are relatively small and localized, 
generally are not contiguous across large areas and do not dominate across the watershed” (Potyondy and 
Geier 2011). Impaired Function ratings are defined by conditions described as Functioning Properly 
occurring on less than 25 percent of the riparian/wetland areas in the watershed, with shifts to upland 
species because of altered water relationships and limited reproduction of mid to late seral riparian 
species (Potyondy and Geier 2011).  

Channel shape and function ratings of Functioning Properly indicate “channel width-to-depth ratios exhibit 
the range of conditions expected in the absence of human influence. Less than 5 percent of the stream 
channels show signs of widening. Channels are vertically stable, with isolated locations of aggradation (i.e. 
sedimentation) or degradation (i.e. downcutting), which would be expected in near natural conditions. 
The distribution of channels with floodplain connectivity is close to that fond in reference watersheds of 
similar size and geology” (Potyondy and Geier 2011). Functioning at Risk ratings indicate that “channel 
width-to-depth ratios and vertical stability are maintained except where riparian vegetation has been 
disturbed. Between 5 and 25 percent of the stream channels have seen an increase in width-to-depth 
ratios (i.e. are widening). Channel degradation and/or aggradation are evident but limited to relatively 
small sections of the channel network. There is evidence of downcutting to the extent that some stream 
channels are no longer connected to their floodplain” (Potyondy and Geier 2011). Impaired Function 
ratings indicate that more than 25 percent of channels show signs of widening, “the size and extent of 
gullied sections of channels are extensive, currently increasing or have increased recently. Many 
streambanks show signs of erosion above what would be expected naturally. Channel aggradation and/or 
degradation are evident and widespread because of unstable stream-beds and banks.” More than 50 
percent of channels are “disconnected from their floodplain or are braided channels because of increased 
sediment loads” (Potyondy and Geier 2011). 

Large woody debris ratings of Functioning Properly describe aquatic and riparian systems where wood is 
an important functional component and that woody is present and continues to be recruited at near 
natural rates. Functioning at Risk ratings indicate wood is present, but recruitment is less than natural rates 
because of riparian management activities. Impaired Function ratings indicate wood is lacking and 
resulting in poor riparian and aquatic habitat conditions. These poor conditions may manifest themselves 
as unstable banks, inadequate pool formation and microclimate maintenance (Potyondy and Geier 2011). 

Not all subwatersheds contribute the same number of acres to the Forest, nor do they all contain the same 
riparian ERUs or proportions thereof. Indicator and attribute ratings were area weighted to each ERU to 
approximate and describe variability in conditions. The group totals are based on the individual ERU ratings 
and their respective contributions to the total number of riparian acres. The watershed condition 
classification information was updated in 2015 to reflect post-fire and flooding events that have occurred; 
therefore it is not necessary to use the change detection to modify the analysis results as those changes 
are reflected in the classification information.  
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Approximately 40 percent of subwatersheds intersecting the Gila NF boundary are considered Functioning 
Properly with respect to the riparian/wetland vegetation indicator. 49 percent are Functioning at Risk, and 
11 percent are Impaired Function. However, water is a limiting factor and not all subwatersheds contain 
riparian/wetland vegetation nor have the potential to do so. Approximately 48 percent of subwatersheds 
were identified in the watershed condition classification as being limited by water in their potential to 
support riparian/wetland vegetation. In these subwatersheds, these indicator scores were given a lesser 
weight so they did not influence the overall condition classification.  

Flood Frequency 
Flood flows are often described in terms of return intervals. Return intervals describe the likelihood that 
a flood of a certain magnitude will occur. A flood with a two-year return interval has a 50 percent chance 
of occurring in any given year. A flood with a 100-year return interval has a one percent chance of occurring 
in any given year. Flood frequency analyses can include variables of magnitude, timing and duration. The 
flood frequency analysis presented here relies on daily streamflow data from six USGS gages31 located on 
Mogollon Creek and the San Francisco, Gila and Mimbres Rivers, the streamflow analysis conducted in 
Chapter 7: Water, and the USGS PeakFQ model (v7.1)32 available at 
http://water.usgs.gov/software/PeakFQ/.33  

Studies evaluating flood history in the Southwest over the last 5,000 years have concluded that the largest 
floods cluster into distinct time periods that related to regional and global climatic fluctuations. Episodes 
with increased frequency of high magnitude floods coincide with cool, wet periods whereas dramatic 
decreases in frequency and magnitude occur during warm periods (Ely et al.1993; Ely 1997). The only 
streamflow reconstruction available for the Forest was conducted for the Upper Gila River using tree-ring 
data. In this study, the “Upper Gila River” includes the Upper Gila, Upper Gila-Mangas and San Francisco 
subbasins (4th level watersheds) of the context area defined in Chapter 7: Water. The reconstruction 
concludes that a defining characteristic of area streams is wide ranging differences between streamflow 
events that do not occur very often.  Moreover, these differences increased in the 20th century (Meko and 
Graybill 1995). This creates a high level of uncertainty in departure analyses related to flood frequency.  

There were no instrumental records kept prior to the arrival of Europeans. In fact, instrumental streamflow 
records from the plan area are limited to the last 25 to 87 years, depending on the gage. Given that area 
hydrology is the product of many natural and human caused changes over a much longer time period 
(McLean 1981), this is a very small dataset. Furthermore, to differentiate between reference and current 
conditions and approximate departure and trend requires this record be divided into a reference and 

                                                      
31 All streamflow gages used in this analysis lie within the plan area. One additional streamflow gage occurs within the context 
area on the Gila River near Virden, New Mexico. This gage was not analyzed as the difference in contributing watershed area 
between the Virden and Redrock gages is relatively small. 
32 “Bulletin 17B (B17B) of the Interagency Advisory Committee on Water Data (IACWD; 1982) codifies the standard methodology 
for conducting flood-frequency studies in the United States. B17B specifies that annual peak-flow data are to be fit to a log-
Pearson Type III distribution. Specific methods are also prescribed for improving skew estimates using regional skew information, 
tests for high and low outliers, adjustments for low outliers and zero flows, and procedures for incorporating historical flood 
information. The authors of B17B identified various needs for methodological improvement and recommended additional study. 
In response to these needs, changes include adoption of a generalized method-of-moments estimator donated the Expected 
Moments Algorithm (EMA) (Cohn and others, 1997) and a generalized version of the Grubbs-Beck test for low outliers (Cohn and 
others, 2013). The USGS has implemented these changes in the PeakFQ program.” (USGS 2013). 
33 This model calculates the magnitude of flood flows expected with various return intervals. It does not provide for the analysis 
of actual flood flows, nor does it provide for analysis of the timing or duration of those flows. To accomplish that level of analysis 
requires instantaneous data, not daily data. Assessment time frames and the limited period of record associated with 
instantaneous data (1990-present) do not allow for such analysis. Other studies that have included analysis of the actual 
occurrence and frequency, magnitude and duration of flood flows are referenced, as is the watershed condition classification’s 
water quantity indicator as it describes alterations to the natural hydrograph.  

http://water.usgs.gov/software/PeakFQ/
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current time period. A subset of the current time period (2000-2014) is analyzed for the purposes of 
approximating recent trends. The rationale behind establishing these time periods is described in further 
detail in Chapter 7: Water, where the same time periods are used to assess the streamflow characteristic. 

Changes in flood frequency are most likely to occur where streamflow patterns are altered. Therefore, 
departure in flood frequency is ultimately determined by departure in streamflow. Chapter 7: Water 
determined departure in streamflow at the watershed (5th level) scale. These results were area weighted 
to the riparian ERUs, with the departure rating representing the largest percentage of the ERU or group. 

Cottonwood Group 
The cottonwood group includes Narrowleaf Cottonwood/Shrub, Sycamore-Fremont Cottonwood, 
Fremont Cottonwood/Shrub, and Fremont Cottonwood/Oak riparian ERUs.  
 

Narrowleaf Cottonwood/Shrub (Figure 120) covers 
approximately 60,613 acres within the context area. This ERU 
is the 3rd largest riparian ERU in the context area and the 
largest riparian type on the Forest, containing 22,681 acres. 
It has the widest elevational and climatic range of any 
riparian ERU on the Forest. Within the context area, it is 
typically found at elevations ranging from 1,900 to 10,000 
feet. On the Gila NF, it is mapped between 4,880 and 9,160 
feet. Riparian species commonly found in the Narrowleaf 
Cottonwood/Shrub ERU include Fremont cottonwood 

(Populus fremontii S. Watson), narrowleaf cottonwood (P. 
angustifolia James) and lanceleaf cottonwood (P. × 
acuminata Rydb. (pro sp.) [angustifolia × deltoides]), 
boxelder (Acer negundo L.), willow species (Salix spp. L.), 
Arizona alder (Alnus oblongifolia Torr.), and Arizona walnut 
(Juglans major (Torr.) A. Heller).  
 
 

  

 

 

 

 
 Figure 120. Narrowleaf Cottonwood/Shrub ERU 

(Photo by M. Wahlberg) 



Chapter 7. Riparian 

 
Gila National Forest Assessment Report – Final  323 

Sycamore-Fremont Cottonwood (Figure 121) 
covers approximately 46,059 acres within the 
context area. This ERU is the 4th largest riparian 
ERU in the context area and the 3rd largest on 
the Forest containing roughly 6,427 acres. 
Within the context area, it is typically found at 
elevations ranging from 1,400 to 7,700 feet. On 
the Gila NF, it is mapped between 4,160 and 
6,520 feet. The primary cottonwood species is 
Fremont cottonwood, while narrowleaf 
cottonwood occurs occasionally. Other riparian 
species commonly found include Arizona 
sycamore (Platanus wrightii S. Watson), 
boxelder, velvet ash (Fraxinus velutina Torr.), 
Arizona walnut, and willow species.  

 

 
Fremont Cottonwood/Shrub (Figure 122) covers 
approximately 116,189 acres within the context 
area. This ERU is the largest riparian ERU in the 
context area and the 6th largest on the Gila NF, 
containing roughly 2,059 acres. Within the 
context area, it is typically found at elevations 
ranging from 1,000 to 7,600 feet. On the Gila NF, 
it is mapped between 5,040 and 7,160 feet. 
Some areas of this ERU are dominated by 
Gooding’s willow (Salix gooddingii C.R. Ball) and 
velvet ash but have the potential for cottonwood 
regeneration. Other riparian species commonly 
found include willow species, boxelder, and 
desert willow (Chilopsis linearis (Cav.) Sweet). 
This ERU also supports a mesquite bosque 
subtype, which does not occur on the Gila NF. 

 

 

 

 

 
 

Figure 121. Sycamore-Fremont Cottonwood ERU 
(Photo by L.J. WhiteTrifaro) 

Figure 122. Fremont Cottonwood/Shrub ERU 
(Photo by L.J. WhiteTrifaro) 
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Fremont Cottonwood/Oak (Figure 123) covers 
approximately 2,159 acres within the context 
area. This ERU is the 10th largest riparian ERU in 
the context area and the smallest riparian type 
on the Gila at approximately 85 acres. Within 
the context area, it is typically found at 
elevations ranging from 2,200 to 7,500 feet. 
Oak species include Emory oak and Sonoran 
scrub oak (Quercus turbinella Greene). Other 
riparian species commonly found include 
Arizona sycamore and velvet ash.  

The majority of the cottonwood group is 
located in the central and western portion of 
the context area and the northwestern and 
southeastern portions of the Forest. Figure 124 
and Figure 125 display the general locations of 
the cottonwood group within the context area 
and Gila NF. 

 

 

Figure 124. General location of the cottonwood group of ERUs within the context area 

 
 Figure 123. Fremont Cottonwood/Oak ERU  

(Photo @ A. Schneider, www.swcoloradowildflowers.com)  
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Figure 125. General location of the cottonwood group of ERUs within the Gila NF and the six local 
units. 

Note: Local units are the polygons interior to the Forest boundary with names in callout labels 

As displayed in Table 147, this group is fairly well distributed across the Forest, but the majority is located 
in the Black Range and Mogollon Front local units. The Fremont Cottonwood-Oak ERU occurs only in the 
Mogollon Front local unit. 

Table 147. Local unit contributions to the cottonwood group of ERUs 

Cottonwood Group 
ERUs  

Gila NF Local Units 

Gila NF Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Narrowleaf 
Cottonwood/Shrub  

3,280 14.5 6,184 27.3 4,147 18.3 3,260 14.4 2,330 10.3 3,479 15.3 22,681 

Sycamore-Fremont 
Cottonwood 

142 2.2 0 0.0 0 0.0 1,078 16.8 3,557 55.3 1,650 25.7 6,427 

Fremont 
Cottonwood/Shrub  

154 7.5 1,016 49.3 0 0.0 48 2.3 826 40.1 15 0.7 2,059 

Fremont 
Cottonwood-Oak  

0 0.0 0 0.0 0 0.0 0 0.0 85 100.0 0 0.0 85 

 CWG Group Total 3,576 11.4 7,200 23.0 4,147 13.3 4,386 14.0 6,798 21.8 5,144 16.5 31,252 
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Spatial Niche 
The cottonwood group is the largest riparian group in both the context area (225,020 acres) and Forest 
(31,252 acres) (Table 148). This group has a greater proportional representation (0.54) on Forest than in 
the context area with Narrowleaf Cottonwood/Shrub and Sycamore-Fremont Cottonwood ERUs also 
having greater proportional representation on Forest.  Fremont Cottonwood/Shrub is the exception with 
a greater proportional representation within the context area (-0.50) than on Forest. Fremont 
Cottonwood-Oak has equal representation (0.00) within both the context area and Forest. The Gila NF has 
a high level of responsibility for maintaining the ecological integrity of these riparian communities. 

Table 148. Riparian ERUs represented in the cottonwood group 

Cottonwood Group  
ERUs 

Total ERU Area on Gila NF Total ERU Area within Context Area 
Gila NF’s Contribution to 
Total ERU within Context 

Area 

acres % Gila NF 

Seral state 
proportion 

% departure 
from 

reference 

acres 
% Context 

Area 

Seral state 
proportion 

% departure 
from 

reference 

from Gila NF 
representation 

index 

Narrowleaf 
Cottonwood/Shrub 

22,681 0.7 44 60,613 0.09 8 37.4 0.77 

Sycamore-Fremont 
Cottonwood 

6,427 0.2 40 46,059 0.07 29 14 0.48 

Fremont 
Cottonwood/Shrub 

2,059 0.06 38 116,189 0.18 70 1.8 -0.50 

Fremont 
Cottonwood-Oak 

85 0.003 4 2,159 0.003 39 3.9 0.00 

Group Total 31,252 0.01 42 225,020 0.003 49 13.9 0.54 

 
Approximately 26 percent of the Fremont Cottonwood/Shrub ERU contains designated critical habitat for 
one or more species, with an additional four percent proposed critical habitat. In Narrowleaf 
Cottonwood/Shrub the percentages are 18 (designated) and 14 (proposed) percent and in Sycamore-
Fremont Cottonwood it is 41 percent (designated) and 12 percent (proposed). The Fremont 
Cottonwood/Oak does not contain designated or proposed critical habitat. As a whole, 20 percent of this 
group contains designated critical habitat with an additional 11 percent proposed. Riparian areas in 
general also provide habitat for many potential species of conservation concern (see Chapter 8: At-Risk 
Species.  

Thirty three percent of Narrowleaf Cottonwood/Shrub, 14 percent of Sycamore-Fremont Cottonwood and 
five percent of Fremont Cottonwood/Shrub are located in designated wilderness areas. Another 12 
percent of Sycamore-Fremont Cottonwood is located in the Lower San Francisco Wilderness Study Area.  
The Fremont Cottonwood/Oak ERU is located entirely within the Hell Hole Wilderness Study Area. A total 
of 22 percent of this group occurs in designated wilderness. Over 10,600 acres of riparian are currently 
excluded from livestock grazing, including 210 acres of springs and wetland areas. Exclosures are not 
consistently mapped in the available geospatial data, and how much of the total excluded acres are 
represented by the cottonwood group ERUs has not been quantified. The reason why exclosures are not 
consistently mapped and available in the geospatial data is because there is no requirement for this type 
of accounting and it has therefore not been high enough on the Forest priority list to have resources 
dedicated to such an accomplishment.  
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Key Characteristics 

Seral State Proportion (Vegetation Structure) –Reference and Current Conditions  
Seral state proportion is the percent of ERU in each seral state, as described in Chapter 2: Upland 
Vegetation. Under reference conditions (RC) (Table 149) the majority of the CWG was made up of an 
understory of all size shrubs with a closed canopy and open overstory of all size trees (seral state B). These 
riparian communities also had a large representation of large trees with closed canopy characteristics 
(seral state C) as well as a good representation of shrub and tree regeneration (seral state A). 

Table 149. Area-weighted seral state make-up of the cottonwood group under reference (RC) and 
current conditions for both the Gila NF and context area  

Seral State 
Seral State Structure, Composition and Cover Class 
Descriptionǂ 

Percent Proportion Similarity Values 
to Reference† 

RC 

current condition 

Gila NF 
context 

area 
Gila NF 

context 
area 

A 

EARLY-SERAL: Recently burned, sparsely vegetated, all herbaceous 
dominance types, and < 10% tree cover and < 10% shrub cover; 
Native shrub dominance types, and all shrub size classes, shrub 
cover < 25%; Native tree dominance types, and tree diameter 0-
4.9", all tree cover classes 

25 34 74 25 25 

B 
MID-SERAL: Native shrub dominance types, and all shrub size 
classes, shrub cover > 25%; Native tree dominance types, and 
tree diameterϠ > 5", tree cover < 25% 

50 8 15 8 15 

C 
LATE-SERAL: Native tree dominance types, and tree diameter > 5" 
tree cover > 25% 

25 58 11 25 11 

D 
Upland dominance types, and types dominated by exotic 
vegetation, and various (occurs on contemporary landscapes 
only) 

0 0 0 0 0 

Total  100 100 100 58 51 

Departure Index Ratingϯ = 100 – ∑ similarity values: Gila NF = (100 – 58) = 42 or MODERATE; and Context Area = (100 – 51) = 49 
or MODERATE 

ǂ USDA FS 2016d; LANDFIRE 2008d 

† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 

calculated using  the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 

ϯ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

Ϡ Diameter is at diameter at breast height (dbh) or at root collar (drc) 

 

 

With more than 33 percent, but less than 66 percent departure from the reference condition, departure 
in seral state proportion is categorized as moderate for the CWG at the context, Forest and local unit scales 
Within the Forest, this group currently contains more than twice the proportion of the late seral state than 
under the reference time period (58 percent vs. 25 percent) and nearly 10 percent more in early seral state 
at the expense of a reduction in mid-seral conditions which dominated under reference conditions. There 
is no one explanation for departure. Rather, this is a likely a reflection of several interrelated and site 
specific factors: timing, magnitude and frequency of flood events, floodplain and stream channel 
characteristics, motorized roads and trails, and herbivory.  

Flooding is a natural and essential ecological process in riparian (and aquatic) ecosystems and is discussed 
in greater detail in the flood frequency analysis. Based on the change detection described in the preceding 
data section of this chapter, 22 percent of this group in the early seral state can be attributed to recent 
post-fire flooding. With respect to the proportion of this group in the late seral state, it is possible that the 
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timing between the larger flood events that remove older vegetation and prepare a seedbed suitable for 
germination and seedling establishment, have not occurred frequently enough to support early and mid-
seral conditions over late seral conditions. Additionally, the streamflow analysis in Chapter 6: Water 
suggests that the timing between spring runoff and seed dispersal may be changing in ways that decrease 
the likelihood of successful regeneration by seed events.  In some instances, the flooding that has occurred 
may have been sufficient to accomplish this work at sometime in the past, but are no longer able to do so 
because of historic downcutting resulting from past fires, logging and livestock grazing practices. Where 
this downcutting has disconnected the floodplain, mature trees with deeper, more extensive root systems 
may have survived thus far, but hydrologic conditions are not conducive to the establishment and survival 
of regeneration. Motorized roads and trails located within the floodplain can restrict natural channel 
movement and floodplain connectivity, compete with riparian vegetation for space and alter the 
functional capacity of the soil through compaction. In some narrower valleys, motorized roads and trails 
may occupy enough of the potential riparian extent as to influence seral state conditions.   

In recent decades, the health of riparian systems has largely been assessed and documented on a site 
specific basis as a part of range NEPA analyses using the Proper Functioning Condition (PFC) protocol 
established by the Bureau of Land Management and the Forest Service in partnership with the Natural 
Resource Conservation Service. Based on this protocol, riparian areas are categorized as being in Proper 
Functioning Condition, Functional-at-Risk or Non-Functional. Not all riparian areas on the Forest have 
completed PFC assessments and some conditions could have changed since assessments were done. 
Completed PFC assessments are not yet mapped in the geospatial data and do not contain enough riparian 
species data to be correlated directly to a given ERU without spatial data. Therefore the PFC information 
cannot be directly related to the CWG, or any other riparian ERU group. However, on a Forest-wide basis, 
approximately 10 percent of all PFC assessments document current herbivory by elk and/or livestock as a 
factor contributing to poor vegetative and streambank conditions. This may have some explanatory value 
for the higher percentage of the late seral state as shrubs and regenerating trees are more likely to be 
impacted by herbivory than are mature trees. 

Ecological Status  
Ecological status is a vegetative and soil characteristic that describes canopy cover by species 
(composition). It is an important indicator of nutrient cycling status and overall riparian function. Different 
riparian species have different adaptations that allow them to persist in the relatively high-frequency 
disturbance environment they occupy. Some produce large numbers of small seeds that are easily 
dispersed by wind and water to colonize seedbeds prepared by flood events. Others can re-sprout after 
fire, flood or partial consumption by herbivores. These species can also colonize new areas as their broken 
branches take root and grow in suitable conditions. Some can withstand weeks of saturated conditions, 
withstand some fire and are resistant to some diseases. Most riparian species have more than one of these 
adaptations, while some may be less able to withstand disturbance. Diverse species composition allows 
riparian vegetation communities to maintain themselves over a range of climatic conditions and provides 
for recovery after disturbance.  The following figure (Figure 126) illustrates the variability in ecological 
status across ERUs in this group based on the TEUI data. The draft Gila NF TEUI does not include 
documentation in Fremont Cottonwood-Oak ERU. 
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Figure 126. Plan scale variability in ecological status departure for the cottonwood group and its 

ERUs 

With more than 50 percent of its area in low departure, ecological status departure is categorized as low 
in Narrowleaf Cottonwood/Shrub ERU. Departure in Fremont Cottonwood/Shrub, Sycamore-Fremont 
Cottonwood and the cottonwood group as a whole is moderate overall, with most of their area in that 
departure category (Figure 126). Where departure is moderate, there is typically less canopy cover of 
riparian tree, shrub and grass species and a higher proportion of canopy cover associated with forb 
species.  

Non-native, disturbance adapted species that have been documented in the TEUI and have naturalized in 
these systems include but are not limited to: Kentucky bluegrass (Poa pratensis L.), sweetclovers (Melilotus 
spp.), mullein (Verbascum thapsus L.) and common dandelion (Taraxacum officinale G.H. Weber ex F.H. 
Wiggers). Naturalized species are non-native species that reproduce and spread without cultivation. Most 
occur at low levels, however, in some riparian areas Kentucky bluegrass has replaced the native grasses, 
sedges and/or rushes in the understory community. This grass does not have the deep, dense root system 
that native riparian species do and does not provide for streambank or floodplain stability.  

Noxious weed species documented at low levels in these systems by the TEUI include, but may not be 
limited to cheatgrass (Bromus tectorum L.) and saltcedar (Tamarix spp.). Saltcedar control and eradication 
along the Gila and San Francisco Rivers and their tributaries is ongoing.These and other non-native, 
invasive and noxious weed species are discussed in further detail in Chapter 9: System Drivers and 
Stressors. With less than 33 percent of any given ERU or the group identified in the change detection as 
having reduced riparian canopy or, departure is not modified from the TEUI analysis. 

It is probable that factors identified by the watershed condition classification as contributing to departure 
of seral state proportion (see previous subheading) and vegetation condition and function (see discussion 
under Vegetation Condition and Function subheading) also contribute to ecological status departure in 
the cottonwood group ERUs. 
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Vegetative Groundcover 
Vegetative groundcover includes the basal area, litter, microbiotic crusts, lichens and mosses. Basal area 
is the area covered by tree trunks and stems of shrubs, forbs and graminoid species where they meet the 
ground. Litter includes all coarse woody and finer plant debris, a half inch or more in depth (USDA FS 
1986a). Litter less than this depth is not considered effective in supporting soil stability. In upland systems, 
vegetative groundcover plays a critical role in soil stability as it reduces the raindrop impact energy 
responsible for detachment of soil particles, limits the movement of detached particles and prevents the 
concentration of surface runoff that can lead to rill and gully erosion. It is also an important indicator of 
nutrient cycling status. The contributions of vegetative groundcover to soil stability remain important in 
riparian zones, but of additional importance is the surface roughness it contributes. Surface roughness is 
important to slowing flood waters, thereby reducing erosion potential. In riparian areas, microbiotic 
crusts, lichens and mosses may add to biodiversity, but are not typically significant contributors to stability 
of the system. The following figure (Figure 127) illustrates the variability in conditions across ERUs in this 
group with TEUI documentation.  

 
Figure 127. Area weighted vegetative groundcover departure 

All ERUs and the cottonwood group as a whole are moderately departed in terms of vegetative 
groundcover, with the majority of their area being represented by the moderate departure category 
(Figure 127). However, groundcover in riparian systems is highly variable across time and space because 
of natural cycles of flooding which relocate and redistribute litter, and can remove basal area. Under 
reference conditions, vegetative groundcover ranges from 20 to 70 percent. Under current conditions, it 
ranges from 10 to 60 percent. It is probable that factors identified by the watershed condition classification 
as contributing to departure of vegetation condition and function (see discussion in the next subsection) 
also contribute to departure in the cottonwood group ERUs.  

Vegetation Condition and Function 
Healthy, diverse riparian and wetland vegetation is critical to overall ecosystem integrity. Above and below 
ground portions of these plants provide for flood control, floodplain and streambank stability, water 
quality protection, and wildlife and aquatic habitat. Riparian areas that provide multi-storied, dense 
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canopy cover adjacent to more open upland systems support some of the greatest biodiversity (Webb et 
al. 2007). Table 150 displays current riparian/wetland vegetation conditions for the cottonwood group 
ERUs in terms of Functioning Properly, Functioning at Risk or Impaired Function. Fremont 
Cottonwood/Oak ERU is not included due to the small number of acres (85) mapped on the Forest. 

Table 150. Current riparian/wetland vegetation conditions at the plan scale for cottonwood group 
ERUs  

Ecological Response Unit Percent of ERU by Subwatershed Indicator Rating 
Functioning Properly Functioning at Risk Impaired Function 

Fremont Cottonwood/Shrub 24 64 12 

Narrowleaf Cottonwood/Shrub 23 64 13 
Sycamore-Fremont Cottonwood 42 51 6 

Area Weighted Group Total 28 61 11 
 
All individual ERUs and the group as a whole are considered moderately departed with most 
subwatersheds containing ERUs in this group rated as Functioning at Risk with respect to riparian/wetland 
vegetation condition and function (Table 150). Reasons for departure are site specific, but include recent 
extents of high and moderate burn severity and post-fire flooding effects, as well as those related to older 
fires, such as the Bear (2006), Pigeon (1994) and Divide (1989) Fires. Other reasons cited in the watershed 
condition classification rationales include roads, drought, drying of the system attributed to irrigation 
diversions, and trespass livestock. In some cases, elk and current livestock grazing management contribute 
to departure as discussed in the interpretation of seral state proportion. All of these stressors are discussed 
in further detail in Chapter 9: System Drivers and Stressors. 

Channel Shape and Function 
This characteristic includes vertical stability, width to depth ratios and floodplain connectivity which play 
important roles in maintaining groundwater connections, stream temperatures and vegetation 
characteristics, as well as influencing flood and sediment transport processes. Table 151 summarizes the 
attribute ratings for each ERU based on the contributing area of subwatersheds containing each ERU. 
Fremont Cottonwood-Oak is not included due reasons previously stated. 

Table 151. Channel shape and function conditions at the plan scale for cottonwood group ERUs  

Ecological Response Unit Percent of ERU by Subwatershed Indicator Rating 
Functioning Properly Functioning at Risk Impaired Function 

Fremont Cottonwood/Shrub  34 42 24 

Narrowleaf Cottonwood/Shrub  28 41 31 

Sycamore-Fremont Cottonwood  54 25 21 

Area Weighted Group Total 35 37 28 

All ERUs and the group as a whole are moderately departed from the reference condition (Functioning 
Properly), with most subwatersheds containing ERUs in this group rated as Functioning at Risk with respect 
to channel shape and function. As documented in the classification information, rationales attribute most 
of this departure to recent flood events and roads. These stressors are discussed in more detail in Chapter 
9: System Drivers and Stressors.  
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Montane-Conifer Willow Group 
The montane-conifer willow group includes Arizona Alder-Willow, Willow-Thinleaf Alder, Ponderosa 
Pine/Willow, and Upper Montane Conifer/Willow ERUs.  

Arizona Alder-Willow (Figure 128) covers 
approximately 4,523 acres within the context 
area. This ERU is the 9th largest riparian ERU in 
the context area and the 4th largest on the Gila 
NF, containing roughly 3,222 acres. Within the 
context area, it is typically found at elevations 
ranging from 3,330 to 9,900 feet. It is mapped 
on the Gila NF between 4,700 to 8,920 feet. 
While both Arizona alder and willow species 
are indicative of this ERU, some areas of may 
contain only one species or the other. Common 
willow species include red willow  (Salix 
laevigata Bebb) and arroyo willow (S. lasiolepis 
Benth). Other riparian species commonly 
found include Arizona walnut, velvet ash, and 
Rocky Mountain maple (Acer glabrum Torr.). 

Willow-Thinleaf Alder (Figure 129) covers 
approximately 7,091 acres within the context 
area. This ERU is the 6th largest riparian ERU in 
the context area and 8th largest on the Gila NF, 
containing roughly 1,054 acres. Within the 
context area, it is typically found at elevations 
ranging from 5,400 to 11,900 feet. On the 
Forest, it is mapped between 6,240 and 9,520 
feet. While both thinleaf alder (Alnus incana 
(L.) Moench subsp. tenuifolia (Nutt.) Breitung) 
and willow species are indicative of this unit, 
some locations may contain only one species or 
the other. Common willow species include 
dewystem willow (S. irrorata Andersson), 
Drummond’s willow (S. drummondiana Barratt 
ex Hook.), park willow (S. monticola Bebb, and 
grayleaf willow (Salix glauca L.).  

 

 

 
 

 
 

Figure 128.  Arizona Alder-Willow 
ERU 

(Photo by L.J. WhiteTrifaro) 

Figure 129. Willow-Thinleaf Alder ERU  
(Photo by L.J. WhiteTrifaro) 
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Ponderosa Pine/Willow (Figure 130) covers 
approximately 6,339 acres within the context 
area. This ERU is the 7th largest riparian ERU in 
the context area and the 9th largest on the 
Forest, containing 862 acres. Within the 
context area, it is typically found at elevations 
ranging from 4,500 to 9,700 feet. On the Gila 
NF, it is mapped between 5,380 and 8,360 feet. 
It is typified by an overstory of ponderosa pine 
with an understory of shrub-form willow 
species. As a result of the pine overstory, this 
unit is particularly hard to distinguish from 
pine-oak systems of similar structure via 
remote sensing applications, and therefore is 
believed to be under-represented in the 
Regional Riparian Mapping Project (RMAP) and 
therefore the ERU map. Other riparian species 
commonly found include Arizona walnut, 
boxelder, and velvet ash. 

Upper Montane Conifer/Willow (Figure 131) 
covers approximately 1,343 acres within the 
context area. This ERU is the 11th largest 
riparian ERU in the context area and the 10th 
largest on Forest, containing roughly 670 acres. 
Within the context area, it is typically found at 
elevations ranging from 6,100 to 11,400 feet. 
On the Forest, it is mapped between 6,750 and 
9,160 feet. Conifer species include spruce, 
subalpine fir, white fir, and Douglas fir. Quaking 
aspen can be present, or even a co-dominant 
species. Other riparian species commonly 
found include thinleaf alder and boxelder. 

The majority of the montane-conifer willow 
group is located in the central, western and 
eastern portions of the context area, and the 
western and southeastern portions of the 
Forest. Figure 132 and Figure 133 display the 
general locations of the montane-conifer 
willow group within the context area and Gila 
NF. 

 
 

 
 

Figure 130. Ponderosa Pine/Willow ERU 
(Photo by D. Cress)   

Figure 131. Upper Montane Conifer/Willow ERU  
(Photo by L.J. WhiteTrifaro) 
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Figure 132. General location of the montane-conifer willow group of ERUs within the context area 

 

 

Figure 133. General location of the montane-conifer willow group of ERUs within the Gila NF and 
the six local units 

Note: Local units are the polygons interior to the Forest boundary with names in callout labels 
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As displayed in Table 152, the majority of this ERU group is located in the Upper Gila River and Apache 
local units. 

Table 152. Local unit contributions to the montane-conifer willow group of ERUs 

Montane-Conifer 
Willow ERUs 

Gila NF Local Units 

Gila NF Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Arizona Alder-
Willow 

207 6.4 283 8.8 0 0.0 317 9.8 530 16.4 1,885 58.5 3,222 

Willow-Thinleaf 
Alder 

66 6.3 19 1.8 3 0.3 0 0.0 110 10.4 857 81.3 1,054 

Ponderosa 
Pine/Willow 

794 92.1 0 0.0 6 0.7 0 0.0 62 7.2 0 0.0 862 

Upper Montane 
Conifer/Willow 

49 7.3 41 6.1 349 52.1 148 22.1 52 7.8 31 4.6 670 

Group Total 1,116 19.2 343 5.9 358 6.2 465 8.0 754 13.0 2,773 47.7 5,808 

 
Spatial Niche 
Individually, and as a group, these riparian communities have greater proportional representation on the 
Forest than in the context area (Table 153). The Gila NF has a high level of responsibility for maintaining 
the ecological integrity of these riparian communities. 

Table 153. Riparian ERUs represented in the montane-conifer willow group  

Montane Conifer-
Willow Group 

ERUs 

Total ERU Area on Gila NF Total ERU Area within Context Area 
Gila NF’s Contribution to 
Total ERU within Context 

Area 

acres % of Gila NF 

Seral state 
proportion 

% departure 
from 

reference 

acres 
% of Context 

Area 

Seral state 
proportion 

% departure 
from 

reference 

from Gila NF 
proportional 

representation 

Arizona Alder-
Willow 

3,222 0.1 46 4,523 0.01 45 71.2 0.82 

Willow-Thinleaf 
Alder 

1,054 0.03 40 7,091 0.01 42 14.9 0.50 

Ponderosa 
Pine/Willow 

862 0.03 47 6,339 0.01 61 13.6 0.50 

Upper Montane 
Conifer/Willow 

670 0.02 33 1,343 0.002 56 49.9 0.82 

Group Total 5,808 0.002 44 19,296 0.0003 50 30.1 0.74 

 

Approximately eight percent of the Arizona Alder-Willow ERU contains designated critical habitat for one 
or more species, with an additional 32 percent proposed critical habitat. In Willow-Thinleaf Alder the 
percentages are 6 (designated) and 47 (proposed) percent.  There is currently no designated critical habitat 
associated with the Upper Montane Conifer/Willow ERU, but 47 percent of it is proposed critical habitat.  
There is no designated or proposed critical habitat in Ponderosa Pine/Willow. As a whole, eight percent of 
this group contains designated critical habitat with an additional 39 percent proposed. Riparian areas in 
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general also provide habitat for many potential species of conservation concern (see Chapter 8: At-Risk 
Species. Sixty one percent of Arizona Alder-Willow, 55 percent of Upper Montane Conifer/Willow and 63 
percent of Willow-Thinleaf Alder are located in designated wilderness areas. Ponderosa Pine/Willow is not 
mapped in designated wilderness areas. A total of 67 percent of this group occurs in designated 
wilderness. None of these ERUs occur in Wilderness Study Areas.  Total riparian acres not being grazed by 
livestock was disclosed in the cottonwood group analysis. Exclosures are not consistently mapped in the 
available geospatial data as previously discussed, and how much of the excluded acres are represented by 
the montane-conifer willow group ERUs has not been quantified. 

Key Characteristics 

Seral State Proportion (Vegetation Structure) 
Under reference conditions (Table 154) the majority of the montane-conifer willow group was made up of 
early and mid-seral states (seral states A and B). Currently, within both the Forest and context area there 
is an over representation of seral state B, with an under representation of seral state A (regeneration and 
recruitment).  

Table 154. Area-weighted seral state make-up of the montane-conifer willow group ERUs under 
reference (RC) and current conditions for both the Gila NF and context area 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity Values 
to Reference† 

RC 

current condition 

Gila NF 
context 

area 
Gila NF 

context 
area 

A 
EARLY-SERAL: Recently burned, all corresponding herb types; all 
shrub dominance types, shrub cover < 25%; all tree dominance 
types, < 5" dbh/drc (< 5m height), all cover classes 

65 21 15 21 15 

B 
MID- TO LATE-SERAL: All shrub dominance types, ≥ 25% canopy 
cover; all tree dominance types, ≥ 5" dbh/drc (≥ 5m height), all 
cover classes 

35 79 85 35 35 

C 
Upland dominance types and exotic vegetation, various (occurs 
on contemporary landscapes only) 

0 0 0 0 0 

Total  100 100 100 56 50 

Departure Index Ratingϯ = 100 – ∑ similarity values: Gila NF = (100 – 56) = 44 or MODERATE; and Context Area = (100 – 50) = 
50 or MODERATE 

ǂ USDA FS 2016e; LANDFIRE 2007g 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using  the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
ϯ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

With more than 33 percent, but less than 66 percent departure from the reference condition, departure 
in seral state proportion is categorized as moderate for all local units, the Forest and context area. Within 
the Forest, this group currently contains more than twice the proportion of the mid-to-late seral state than 
under the reference time period (79 percent vs. 35 percent) and a reduction in early-seral conditions which 
dominated under reference conditions. Potential factors contributing to departure in seral state 
proportion, as discussed in that analysis for the cottonwood group of ERUs, include timing, magnitude and 
frequency of flood events, floodplain and stream channel characteristics, motorized roads and trails, and 
herbivory. Roads have less explanatory value for departure where this group occurs in wilderness.  

However, these results appear counterintuitive based on the change detection results displayed under the 
Data subheading as Table 127. Sixty-three percent of this group has experienced post-fire flooding events 
that have created reductions in vegetative canopy cover visible from the satellite imagery, which is 
indicative of a shift from mid or late seral conditions to early seral conditions. A likely explanation for this 
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apparent contradiction could be that results of the seral state proportion analysis illustrate a robust 
recovery response of willows and/or other species components that occurred after the date of the most 
recent available imagery (2013) and the 2016 pilot project. Still, this explanation is not without issue. If 
the time between early and mid seral conditions is just three to five years, as these results imply, the rate 
and extent of disturbance that would be required to maintain 65 percent of this ERU group in early seral 
conditions would be remarkably high, suggesting potential weakness in the current understanding of 
reference conditions and a need for further investigation of this ERU group in the future. Of particular 
interest may be the relationship between channel shape and function and the disturbance requirements 
indicated by the seral state proportion analysis, which paint potentially opposing pictures of sustainability.  

Ecological Status  
The following figure illustrates the variability in ecological status conditions across ERUs in this group. 
Ponderosa Pine-Willow is not included as there is no documentation in the draft TEUI to support analysis 
of this characteristic for this ERU.  

 
Figure 134. Plan area ecological status departure for the montane conifer willow group and its 

individual ERUs 

Based solely on the TEUI information, all ERUs in this group are moderately departed in terms of ecological 
status, with the moderate departure category representing the largest percentage of each ERU area. 
However, with 77 percent of the Willow-Thinleaf Alder and 66 percent of the Arizona Alder-Willow 
identified in the change detection (see Data and Analysis Methods) as experiencing significant loss of 
vegetative cover since 2011 due to post-fire flooding, the departure rating for these two ERUs is modified 
to high. The Upper Montane Conifer/Willow ERU, remains moderately departed overall, but is within three 
percent of being considered in high departure (Table 146). While regeneration of willows is a reasonable 
expectation, alders have not been observed as reliable re-sprouters on the Gila NF, and climatic and 
streamflow conditions supporting successful germination and seedling establishment do not occur every 
year (see System Drivers and Stressors). Ecological status departure remains moderate for the group as a 
whole, although it is very close to the thresholds that would place it in high departure (Table 146).  
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Prior to the large scale post-fire flooding that has occurred, departure in ecological status was due to fewer 
co-dominant riparian species, such as cottonwoods, under current conditions as opposed to reference 
conditions. There were also fewer willows, and less grass cover under current conditions as opposed to 
reference. As with the cottonwood group, Kentucky bluegrass has replaced the native riparian grasses in 
some places within the montane conifer/willow group, but it is present in fewer instances. Again, 
sweetclovers, dandelion and a few other non-native species have naturalized in these ERUs but are 
generally present at low levels. Noxious species documented by the TEUI at low levels in these systems 
include cheatgrass and saltcedar, although these tend to be present at the lower end of this ERUs 
elevational climatic gradient, where cottonwoods begin to increase in dominance.  

Where fire impacts did not occur in these ERUs, the causal factors documented in the watershed condition 
classification, as discussed in the cottonwood group analysis, also apply here.  

Vegetative Groundcover  
The following figure (Figure 135) illustrates the variability in ecological status conditions across montane-
conifer willow ERUs with representation in the draft TEUI data.  

 
Figure 135. Plan area vegetative groundcover departure for the montane-conifer willow group and 

its individual ERUs 

Based only on the TEUI data, vegetative groundcover is moderately departed in Willow-Thinleaf Alder and 
Upper Montane Conifer/Willow, with the largest percentage of their respective area being represented by 
the moderate departure category. Likewise, overall ERU departure in Arizona Alder-Willow is low with 
more than 80 percent of its area being represented by the low departure category. Because Arizona Alder-
Willow makes up most of this group, the group as a whole is also in low departure. As with ecological 
status, these vegetative groundcover results are modified based on the change detection (see Data and 
Analysis Methods), moving Willow-Thinleaf Alder and Arizona Alder-Willow to high departure, and the 
group as a whole to high departure.   

Prior to recent high and moderate burn severities in the upper watersheds and subsequent flooding, 
where vegetative groundcover departure occurred in these ERUs, it reflected reductions in both plant 

0% 20% 40% 60% 80% 100%

Arizona Alder - Willow

Upper Montane Conifer - Willow

Willow - Thinleaf Alder

Montane Conifer-Willow Group

Percent Area

Low Moderate High



Chapter 7. Riparian 

 
Gila National Forest Assessment Report – Final  339 

basal area and litter under current conditions. Where fire impacts did not occur in these ERUs, the causal 
factors documented by the watershed condition classification, as discussed in the cottonwood group 
analysis, also apply here.  

Vegetation Condition and Function 
Table 155 displays current riparian/wetland vegetation conditions for the montane conifer-willow group 
ERUs in terms of Functioning Properly, Functioning at Risk or Impaired Function. 

Table 155. Current riparian/wetland vegetation conditions within the plan area for montane-conifer 
willow group ERUs  

Ecological Response Unit Percent of ERU by Subwatershed Indicator Rating 
Functioning Properly Functioning at Risk Impaired Function 

Arizona Alder-Willow 11 59 29 

Ponderosa Pine/Willow 2 58 40 
Upper Montane Conifer/Willow 25 75 0 
Willow-Thinleaf Alder <1 61 39 

Area Weighted Group Total 15 53 30 

All ERUs in this group are moderately departed for vegetation condition and function with the largest 
percentage of each ERU area being represented by subwatersheds with Functioning at Risk ratings. This is 
consistent with the seral state proportion departure results. All of the factors identified as contributing to 
departure in this characteristic for the cottonwood group also apply here. However, high and moderate 
burn severities and post-fire flooding are the primary reason for departure within the portions of these 
ERUs that occur within wilderness.  

Channel Shape and Function 
Table 156 displays current channel shape and function conditions for the montane-conifer willow group 
ERUs in terms of Functioning Properly, Functioning at Risk or Impaired Function. 

Table 156. Channel shape and function conditions within the plan area for montane-conifer willow 
group ERUs  

Ecological Response Unit Percent of ERU by Subwatershed Indicator Rating 
Functioning Properly Functioning at Risk Impaired Function 

Arizona Alder-Willow 17 35 46 
Ponderosa Pine/Willow 2 98 0 

Upper Montane Conifer/Willow 29 23 48 
Willow-Thinleaf Alder <1 15 85 

Area Weighted Group Total 19 38 44 

Most ERUs in the group as a whole are highly departed with respect to channel shape and function, with 
the largest percentage of each ERU area being represented by subwatersheds with Impaired Function 
ratings. Ponderosa Pine/Willow is the exception, demonstrating moderate departure, which reflects less 
recent post-fire effects to channel shape and function as compared to the other ERUs. As with this 
characteristic in the cottonwood group, extents of high and moderate burn severity and post-fire flooding 
impacts, as well as roads are the primary factors contributing to departure. Extents of high and moderate 
burn severity and post-fire alterations to flow have the largest explanatory value for departure in the 
montane-conifer willow group. Roads have less explanatory value for departure where this group occurs 
in wilderness.   
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Wetland (Ciénega) Group 
The wetland (ciénega) group is represented by 
a single ERU: Herbaceous Riparian (Figure 136). 
This ERU covers approximately 161,391 acres 
within the context area. This ERU is the 2nd 
largest riparian ERU in the context area and the 
5th largest on the Gila NF containing roughly 
2,485 acres. Within the context area, it is found 
at nearly all elevations, ranging from 2,100 to 
over 12,000 feet. On the Gila NF, it is mapped 
at elevations between 5,880 and 9,440 feet. It 
supports a whole host of riparian and wetland 
herbaceous species depending on landscape 
position34, elevation and climatic factors 
including but certainly not limited to: sedges 
(Carex spp.), rushes (Schoenoplectus spp., 
Juncus spp., Equisetum spp.), Rocky Mountain 
iris (Iris missouriensis Nuttall). Non-native 
Kentucky and Canada bluegrass (Poa 
compressa L.) have become naturalized within these systems (White 2002). This group is scattered 
throughout most of the context area and the Forest. Figure 137 and Figure 138 display the general 
locations within the context area and Gila NF. 
 

 

Figure 137. General location of Herbaceous Riparian ERU within the context area 

                                                      
34 Unlike the other riparian groups and ERUs, this group and ERU may occur in valley bottoms along stream corridors, or in upland 
positions. 

 
 Figure 136.  Herbaceous Riparian ERU 

(Photo by L.J. WhiteTrifaro) 
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Figure 138. General location of Herbaceous-wetland riparian within the Gila NF and the six local 
units 

Note: Local units are the polygons interior to the Forest boundary with names in callout labels 

 
As displayed in Table 157 the majority of this ERU is located in the Apache and Upper Gila River local units. 

Table 157. Local unit contributions to the Herbaceous Riparian ERU 

Wetland (ciénega) 
Group  

Gila NF Local Units 

Gila NF Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Herbaceous 
Riparian ERU  

1,126 45.3 74 3.0 185 7.4 63 2.5 47 1.9 990 39.8 2,485 

 
Spatial Niche 
The Herbaceous Riparian ERU has a greater proportional representation in the context area than on the 
Forest (Table 158). This does not mean that the Forest has a lesser responsibility to restore and/or maintain 
ecological integrity in these systems, just fewer opportunities.  
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Table 158. Riparian ERUs represented in the wetland (ciénega) group. 

Wetland (ciénega) 
Group 

Total ERU Area on Gila NF Total ERU Area within Context Area 
Gila NF’s Contribution to 
Total ERU within Context 

Area 

acres % of Gila NF 

Seral state 
proportion 

% departure 
from 

reference 

acres 
% of Context 

Area 

Seral state 
proportion 

% departure 
from 

reference 

from Gila NF 
proportional 

representation 

Herbaceous 
Riparian ERU 

2,485 0.08 15 161,391 0.3 7 1.5 -0.58 

 
There are no areas in the Herbaceous Riparian that are designated or proposed critical habitat for any 
species. Eight percent of it is located within the Gila Wilderness, but it is also found in the Aldo Leopold 
Wilderness. No occurrences of this ERU are found within Wilderness Study Areas. Total riparian acres not 
being grazed by livestock was disclosed in the cottonwood group analysis. Exclosures are not consistently 
mapped in the available geospatial data, and how much of the excluded acres are represented by the 
Herbaceous Riparian ERU has not been quantified. 

Key Characteristics 

Seral State Proportion (Vegetation Structure) 
Under reference conditions (Table 159) the majority of the wetland (ciénega) group was made up of a 
grass, forb and shrub state (seral state B, C). Currently, within the Forest there has developed a seral state 
dominated by trees (seral state D). The seral state successional pattern within the context area fairly 
closely follows the Gila NF. 

Table 159. Seral state make-up of the wetland (ciénega) group ERU under reference (RC) and 
current conditions for both the Gila NF and context area (CA) 

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity Values 
to RC† 

RC 

current condition 

Gila NF 
context 

area 
Gila NF 

context 
area 

A EARLY-SERAL: Recently burned, sparsely vegetated 15 0 12 0 12 

B,C 
MID-SERAL: Grass/forb and all corresponding shrub types and all 
cover classes 

85 87 81 85 81 

D 
Upland dominance types, and types dominated by exotic 
vegetation, and various (occurs on contemporary landscapes only 
…) 

0 13 7 0 0 

Total  100 100 100 85 93 

Departure Index Ratingϯ = 100 – ∑ similarity values: Gila NF = (100 – 85) = 15 or LOW; and Context Area = (100 – 93) = 7 or 
LOW 

ǂ LANDFIRE 2003; USDA FS 2008a 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
ϯ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
At the Forest and context area scales, departure is categorized as low. At the local unit scale, departure is 
also low except in Mogollon Front which is associated with a high departure rating and Upper Gila River, 
which is associated with a moderate departure rating. Departure in seral state proportion in the 
Herbaceous Riparian ERU is primarily associated with the establishment and encroachment of upland 
species, indicating a percentage of this ERU is probably experiencing drying trends. These drying trends 
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are most likely driven by drought, vegetative groundcover departure, and departure in channel shape and 
function where these systems are associated with streams. Higher departure ratings in the Mogollon Front 
and Upper Gila River local units are likely due historic downcutting or gully erosion resulting from less 
recent fire, historic overgrazing and/or the current combined grazing pressure of elk and livestock. Grazing 
ungulates tend to congregate in these areas due to the presence of water, amount of lush and palatable 
vegetation present as opposed to drier sites; this pressure reduces herbaceous canopy cover and 
groundcover which contributes to drying of the site and imparts a competitive advantage to some upland 
species, particularly woody species. 

Ecological Status  
Ecological status conditions described by the TEUI data in the Herbaceous Wetland ERU are evenly split 
between moderate (50 percent) and high departure (50 percent). Kentucky bluegrass has displaced the 
native riparian/wetland herbaceous community in places, and where those native species remain present, 
their canopy cover is lower than under reference conditions. This grass does not have the deep, dense 
root system that native riparian species do and does not provide for streambank or floodplain stability. 
Therefore, this displacement of the native species reduces channel stability where this ERU occurs along 
streams. Again, non-native sweetclovers and dandelion have naturalized and are present at relatively low 
levels. No noxious species have been documented in the TEUI data. All the factors described first in the 
cottonwood group analysis also apply here, with post-fire effects having less explanatory value given the 
information in Table 146.  

Vegetative Groundcover  
Vegetative groundcover departure in Herbaceous Riparian is described by this analysis method as low. 
However, portions of this ERU are in a gullied phase, as documented by the TEUI. This merits a closer look 
at the data. While the total vegetative groundcover indicates low departure, there is a large reduction in 
litter and a corresponding increase in basal area between the reference and current condition. This 
increased basal area is indicative of grass species in sod-bound growth forms. The basal area of sod-bound 
grasses is not as effective in maintaining site stability or productivity as grasses that are not. Productivity 
is also negatively impacted by the reduction in litter. In this case, the analysis methods fail to capture the 
actual departure in vegetative groundcover, which should be categorized as high. All the factors described 
first in the cottonwood group analysis also apply here. However, extents of high and moderate burn 
severity and post-fire is not a factor contributing to vegetative groundcover departure in this ERU or group 
(Table 146).  

Vegetation Condition and Function 
With respect to vegetation condition, nine percent of the Herbaceous Riparian ERU is represented by 
subwatersheds that are Functioning Properly, 88 percent Functioning at Risk and three percent Impaired 
Function, giving the ERU a moderate departure overall based only on the watershed condition 
classification information. This is not consistent with the seral state proportion departure, which is low. 
While this may be a demonstration of the limitations associated with applying a watershed scale dataset 
to the ERU scale, or the qualitative nature of the watershed scale dataset, there are other factors that may 
provide greater explanatory value for what appears to be a disagreement. The riparian/wetland vegetation 
indicator does not only consider recent burns as differentiating factors between early seral and other seral 
states as does the model used to assess the seral state proportion characteristics. It also provides 
consideration for water relationships, which is a measure of risk (see indicator rating definitions in Analysis 
Methods)  Thus, where this ERU occurs along streams, channel downcutting, disconnection from the 
floodplain, altered surface-groundwater interactions, and associated alterations of species composition 
observed by the interdisciplinary team that conducted the classification are reflected as departure.  
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Channel Shape and Function 
This characteristic applies only to those portions of this ERU that exist along stream corridors. Thirty eight 
of the Herbaceous Riparian ERU is represented by subwatersheds that are Functioning Properly, 33 
percent Functioning at Risk and 30 percent Impaired Function giving this ERU a low departure rating 
overall. However, it is very close to the thresholds being used in this assessment. The differences between 
departure categories are small enough that it is likely well within the margin of error introduced by using 
watershed scale data at the ERU scale. No matter the departure category assigned here, there is a high 
degree of uncertainty. Based the displacement of native riparian/wetland species with non-native species 
that do not adequately provide for stream bank and floodplain stability (moderate-high ecological status 
departure), high vegetative groundcover departure, and notes associated with the TEUI data that identify 
portions of this ERU as being in a gullied phase, departure in channel shape and function is categorized as 
moderate to high, rather than low. Causal factors contributing to departure are those previously identified 
for other riparian groups, with fire and associated alterations in streamflow having the least relevance 
here, and historic livestock grazing having the most. Current livestock grazing may have realized 
improvements over historic conditions, but current livestock management and elk slow the natural rate of 
recovery that this system would experience without their presence.  
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Walnut-Evergreen Tree Group 
 

The Walnut-Evergreen Tree Group includes the 
Arizona Walnut35 (Figure 139) and 
Walnut/Ponderosa Pine ERUs. Arizona Walnut 
covers approximately 6,632 acres within the 
context area. This ERU is the 8th largest riparian 
ERU in the context area and the 7th largest on 
Forest, containing roughly 1,655 acres. Within 
the context area, it is typically found at 
elevations ranging from 4,000 to 8,300 feet. On 
the Gila NF, this ERU has been mapped 
between 4,160 and 8,000 feet. This highly 
diverse ERU occurs in dryer drainages than 
other riparian types and often includes species 
such as willows, boxelder, ponderosa pine, 
piñon pines, junipers, and various species of 
oak. 

Most Arizona Walnut is located in the central 
and western portions of the context area, and 
the western and southern portions of the 
Forest. Figure 140 and Figure 141 display 
general locations within the context area and 
Gila NF.  

 

                                                      
35 RMAP includes approximately 370 acres of the Little Walnut/Ponderosa Pine ERU. However, little walnut is not known to occur 
on the Gila NF. Arizona walnut is the only walnut species known to occur on the Forest. These acres are included in the Arizona 
Walnut ERU analysis. The Little Walnut/Ponderosa Pine ERU is also lacking documentation in the Gila’s draft TEUI.  

 
 Figure 139. Arizona Walnut ERU  

(Photo by M. Wahlberg) 
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Figure 140. General location of the walnut-evergreen tree group of ERUs within the context area 

 

Figure 141. General location of the walnut-evergreen tree group of ERUs within the Gila NF and 
the six local units 

Note: Local units are the polygons interior to the Forest boundary with names in callout labels 

As displayed in Table 160, the majority of this ERU is located in the Lower Gila River and Mogollon Front 
local units. 

Table 160. Local unit contributions to the walnut-evergreen tree group of ERUs  

Walnut-Evergreen 
Tree Group  

Gila NF Local Units 

Gila NF Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Arizona walnut 
ERU 

125 7.6 301 18.2 0 0.0 612 37.0 523 31.6 94 5.7 1,655 

 
Spatial Niche 
The walnut-evergreen tree group of ERUs is the smallest riparian group in both the context area at 6,632 
acres and Forest at 1,655 acres (Table 161). Arizona Walnut has a greater proportional representation on 
the Forest (0.67) than in the context area. The Gila NF has a high level of responsibility for maintaining the 
ecological integrity of these riparian communities. 
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Table 161. Riparian ERUs represented in the Arizona walnut ERU 

Walnut-Evergreen 
Tree Group 

Total ERU Area on Gila NF Total ERU Area within Context Area 
Gila NF’s Contribution to 
Total ERU within Context 

Area 

acres % of Gila NF 

Seral state 
proportion 

% departure 
from 

reference  

acres % of Context 

Seral state 
proportion 

% departure 
from 

reference 

from Gila NF 
proportional 

representation 

Arizona walnut 
ERU 

1,655 0.05 49 6,632 0.01 38 25.6 0.67 

 
Nine percent of Arizona Walnut is within designated wilderness areas with one percent occurring in the 
Hell Hole and Lower San Francisco Wilderness Study Areas. None of the Walnut/Ponderosa Pine occurs in 
designated wilderness or Wilderness Study Areas or is proposed or designated critical habitat for any 
species. 

Key Characteristics 

Seral State Proportion (Vegetation Structure)  
Under reference conditions (Table 162) the majority of the walnut-evergreen tree group was made up of 
an understory of all size shrubs with a closed canopy and open overstory of all size trees (seral state B). 
These riparian communities also had a large representation of large trees with closed canopy 
characteristics (seral state C) as with as a good representation of shrub and tree regeneration (seral state 
A).  

Table 162. Seral state make-up of the walnut-evergreen tree group ERU under reference (RC) and 
current conditions for both the Gila NF and context area  

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity Values 
to Reference† 

RC 

current condition 

Gila NF 
context 

area 
Gila NF 

context 
area 

A 

EARLY-SERAL: Recently burned, sparsely vegetated, all herbaceous 
dominance types, and < 10% tree cover and < 10% shrub cover; 
Native shrub dominance types, and all shrub size classes, shrub 
cover < 25%; Native tree dominance types, and tree 0-4.9" 
dbh/drc, all tree cover classes 

25 38 63 25 25 

B 
MID-SERAL: Native shrub dominance types, and all shrub size 
classes, shrub cover > 25%; Native tree dominance types, and 
tree > 5" dbh/drc, tree cover < 25%  

50 1 23 1 23 

C 
LATE -SERAL: Native tree dominance types, and tree > 5" dbh/drc, 
tree cover > 25%  

25 60 15 25 25 

D 
Upland dominance types, and types dominated by exotic 
vegetation, and various (occurs on contemporary landscapes 
only) 

0 0 0 0 0 

Total  100 100 100 51 62 

Departure Index Ratingϯ = 100 – ∑ similarity values: Gila NF = (100 – 51) = 49 or MODERATE; and Context Area = (100 – 62) = 
38 or MODERATE 

ǂ USDA FS 2016f; LANDFIRE 2008d 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using  the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
ϯ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 
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At the local unit, Forest and context area scales, departure is moderate. Exceptions occur in the Mogollon 
Front local unit where departure is low, and in the Little Colorado-San Agustin Fringe which does not 
contain this riparian group. Drought and herbivory probably play the largest role in seral state departure 
given that most of the areas mapped in this group occur in ephemeral systems where water availability is 
limited, there was and is very little or no merchantable timber within or adjacent the site, and fire and 
post-fire impacts have been limited. While Arizona walnut is not typically palatable browse, other species 
that occur in this riparian group are. Past and current herbivory by wildlife and livestock may partially 
explain the lower incidence of mid-seral conditions where it maintains early seral conditions. Drought 
impacts reduce the establishment and survival of all riparian species, but may have more pronounced 
impacts in these systems as water is already a limiting factor.  Motorized roads and trails may have less of 
an impact on seral state departure in these systems as opposed to others given many occur on coarse, 
well-drained soils leading to a natural absence of well-defined channel features and in relatively wide 
valley bottoms. Where any of these conditions are not met, roads and trails may have more impact on 
seral state departure as discussed in previous ERU group interpretations.  

Ecological Status 
According to the TEUI data, ecological status in the Arizona Walnut ERU is low. There is no TEUI information 
for the Walnut/Ponderosa Pine ERU. Kentucky bluegrass is present in some areas near the upper end of 
this group’s elevational-climatic gradient. Native grasses tend to be present in slightly lower amounts 
under current conditions. Some non-natives, such as dandelion have naturalized and have been 
documented at low levels. No noxious weed species have been documented by the TEUI. Field 
observations not associated with the TEUI indicate some instances of this ERU are experiencing drought 
related die-off of mature Arizona walnut, with little or no regeneration of this species taking place. This is 
particularly true where this ERU occurs in the Burro Mountain area on the Silver City Ranger District. 

Vegetative Groundcover  
Vegetative groundcover departure in Arizona Walnut is low.  

Vegetation Condition and Function 
With respect to vegetation condition, 23 percent of the Arizona Walnut36 ERU area is represented by 
subwatersheds that are Functioning Properly, 73 percent Functioning at Risk and four percent Impaired 
Function. Overall, departure for the walnut-evergreen tree group is moderate. This is consistent with the 
seral state proportion departure for the group. However, most instances of this ERU occur in watersheds 
where riparian and aquatic indicators received a lower weight (see Chapter 6: Water) because all or the 
majority of streams are ephemeral in nature.  

Channel Shape and Function 
With respect to channel shape and function, 20 percent of the Arizona Walnut ERU area is represented by 
subwatersheds that are Functioning Properly, 63 percent Functioning at Risk and 17 percent Impaired 
Function. Overall, departure is moderate. Again, most of these systems are associated with watersheds 
dominated by ephemeral channels, where channel shape and function received a lower weight in the 
overall classification.  

                                                      
36 While there is equivalent data in the watershed condition classification for the acres mapped as Walnut-Ponderosa Pine, their 
inclusion would not change departure and trend for the group because of the relatively small acreage associated with this ERU. 
This footnote also applies to the channel shape and function analysis. 
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Desert Willow Group 
The desert willow group includes only one ERU 
(Figure 142): Desert Willow. Desert Willow 
covers approximately 24,331 acres within the 
context area. This ERU is the 5th largest riparian 
ERU in the context area. The Gila NF contains 
roughly 8,929 acres, making it the 2nd largest 
riparian type on the Forest, but is suspected to 
be over-mapped. In the context area, it is 
typically found at elevations ranging from 
1,300 to 6,900 feet, often along ephemeral and 
drier reaches of interrupted alluvial channels. 
On the Gila NF, it is mapped between 4,320 and 
6,720 feet. Other riparian species commonly 
found in this ERU include netleaf hackberry 
(Celtis laevigata Willd. var. reticulata (Torr.) L.D. 
Benson) and velvet mesquite (Prosopis velutina 
Wooton) although velvet mesquite is not 
known to occur on the Gila NF.  

Most of this group is located in the central and southwestern portion of the context area, and the southern 
portion (primarily Burro Mtns.) of the Forest. Figure 143 and Figure 144 display the general locations of 
the DWG within the context area and Gila NF. 

 

Figure 143. General location of the Desert Willow ERU within the context area 

 
 Figure 142. Desert Willow ERU  

(Photo by M. Wahlberg) 
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Figure 144. General location of the Desert Willow ERU within the Gila NF and the six local units 
Note: Local units are the polygons interior to the Forest boundary with names in callout labels 

As displayed in Table 163, this ERU only occurs in the Lower Gila River and Mogollon Front local units, with 
the majority occurring in Lower Gila River. 

Table 163. Local unit contributions to the desert willow group of ERUs 

Desert Willow 
Group  

Gila NF Local Units 

Total Apache Black Range 
Little Colorado-

San Agustin 
Fringe 

Lower Gila River Mogollon Front Upper Gila River 

acres % acres % acres % acres % acres % acres % 

Desert Willow  0 0.0 0 0.0 0 0.0 7,331 82.1 1,598 17.9 0 0.0 8,929 

 
Spatial Niche 
The desert willow group is the 4th largest riparian group in the context area at 24,331 acres and the 2nd 
largest riparian group on the Forest at 8,929 acres (Table 164). As previously stated, this ERU may be 
overmapped on the Forest. The Desert Willow ERU has a greater proportional representation on the Forest 
than in the context area.  
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Table 164. Riparian ERUs represented in the desert willow group 

Desert Willow 
Group ERU 

Total ERU Area on Gila NF Total ERU Area within CA 
Gila NF’s Contribution to 

Total ERU within CA 

acres % Gila NF 

Seral state 
proportion 

% departure 
from 

reference 

acres 
% Context 

Area 

Seral state 
proportion 

% departure 
from 

reference 

from Gila NF 
proportional 

representation 

Desert willow  8,929 0.3 35 24,331 0.05 60 36.7 0.71 

 

This ERU lies entirely outside of designated wilderness or Wilderness Study Areas, does not contain 
designated or proposed critical habitat. 

Key Characteristics 

Seral State Proportion (Vegetation Structure)  
Under reference conditions (Table 165) the majority of the desert willow group was represented by early 
and mid-seral states (seral states A, B and C). Currently, within the Forest the majority seral states are C 
and E. Within the context area the majority state is early seral state A. 

Table 165. Seral state make-up of the desert willow group under reference (RC) and current 
conditions for both the Gila NF and context area  

Seral State Seral State Structure, Composition and Cover Class Descriptionǂ 

Percent Proportion Similarity Values 
to RC† 

RC 

current condition 

Gila NF 
context 

area 
Gila NF 

context 
area 

A 
LOW-SERAL: Recently burned, sparsely vegetated, all herbaceous 
and shrub dominance types, and < 10% tree cover and < 10% 
shrub cover 

20 17 77 17 20 

B 
MID-SERAL: Native shrub dominance types with cover 25/30-
50/60% and trees < 5" dbh/drc with cover ≥ 25/30 

15 13 3 13 3 

C 
MID-SERAL: Native shrub dominance all size classes and trees < 5" 
dbh/drc with cover < 25/30% 

40 22 4 22 4 

D 
LATE-SERAL: Native tree dominance types, trees > 5" dbh/drc, and 
tree cover < 50/60% 

20 8 8 8 8 

E 
LATE-SERAL: Native shrub dominance all size classes and trees ≥ 5" 
dbh/drc with cover ≥ 50/60% 

5 40 8 5 5 

F 
Upland dominance types, and various types dominated by exotic 
vegetation (occurs on contemporary landscapes only …) 

0 0 0 0 0 

Total  100 100 100 65 40 

Departure Index Ratingϯ = 100 – ∑ similarity values: Gila NF = (100 – 65) =  35 or MODERATE; and Context Area = (100 – 40) = 
60 or MODERATE 

ǂ LANDFIRE 2005c; USDA FS 2016g 
† Similarity value is the lesser of the two proportions (Gila NF to RC and Context Area to RC) for a seral state. Departure was 
calculated using  the Czekanowski coefficient (Czekanowski 1913, as cited in Kent and Coker 1992, page 93) 
ϯ Departure index ratings from RC: 0 to 33% = Low, 34 to 66% = Moderate, and 67 to 100% = High 

 
Departure is moderate across the context area and the Forest as a whole; while departure is moderate in 
the Lower Gila River local unit where most of this ERU occurs, it is low in Mogollon Front. Causal factors 
of departure are similar to those discussed in the walnut-evergreen tree group.  
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Ecological Status  
Ecological status departure in Desert Willow is moderate. The TEUI documents less desert willow, Apache 
plume, netleaf hackberry and perennial grass species canopy cover under current conditions as opposed 
to reference, with an increase in oak and shrub species. This ERU is strictly associated with ephemeral 
channels at the lower end of the Forest’s elevational-climatic gradient in the Lower Gila and Mogollon 
Front local units. Although the vegetation present in this ERU is adapted to drier conditions, field 
observations not associated with the TEUI indicate recent years of drought have contributed to poor vigor 
and death in some instances.  

Vegetative Groundcover  
According to the TEUI data, vegetative groundcover departure in the Desert Willow is low 

Vegetation Condition and Function 
With respect to vegetation condition and function, 26 percent of subwatersheds containing Desert Willow 
are Functioning Properly, 61 percent Functioning at Risk and 13 percent Impaired Function. Overall, there 
is moderate departure which is consistent with the Forest scale seral state proportion analysis and also a 
reflection of ecological status departure.  

Channel Shape and Function 
With respect to channel shape and function, 13 percent of subwatersheds containing Desert Willow are 
Functioning Properly, 71 percent Functioning at Risk and 16 percent Impaired Function. Using the 
watershed condition classification, departure is moderate. That said, this truly does represent the 
limitations of using a watershed scale dataset at the ERU scale.  Desert Willow depends mainly on 
subsurface water and is associated with ephemeral channels, which tend to be wide, open, sandy washes.  
These washes have poorly defined and naturally unstable banks, and transport relatively large volumes of 
sediment. Although many of these washes contain roads, or have been used for off-road vehicle travel, 
impacts to channel shape and function are minimal given the natural instability of the streambed and bank 
material. In reality, channel shape and function departure is low.  

Large Woody Debris 
Large woody debris (LWD) is important for creating habitat in streams. Large wood influences channel 
shape and function, creates pools and waterfalls and affects channel width and depth. Many aquatic 
species use pools formed by large wood as habitat and for cover. These pools are particularly important in 
semi-arid regions, such as the Southwest, as they provide refugia for aquatic species during periods of low 
streamflow. The presence of large wood in streams contributes to slowing flood waters and affects 
patterns of transport and deposition of sediment and nutrients. LWD in the riparian zone also provides 
habitat for mammals, birds, reptiles, amphibians and insects. It is important to the cottonwood group, 
however, LWD does not carry the same degree of importance in all riparian and stream systems.  

The LWD rating is associated with aquatic and riparian systems that evolved with wood near the streams 
and reflects the presence and continued recruitment of LWD at near natural rates. Subwatersheds rated 
as Functioning at Risk may still have LWD present, but it is not being recruited at natural rates due to 
riparian management activities. Impaired Function rating should contain wood, but no longer does 
resulting in poor riparian and aquatic conditions (Potyondy and Geier 2011). Because a LWD attribute 
rating was not considered applicable in more than 90 percent of subwatersheds, this ecosystem 
characteristic is analyzed for overall riparian acres, excluding the Herbaceous Riparian ERU, which did not 
evolve with wood near the streams. On an area weighted basis, approximately 63 percent of the Forest’s 
riparian areas, in which large woody debris is an important component of riparian function, are rated 
Functioning Properly and 37 percent are Functioning at Risk. There are no Impaired Function ratings. This 
characteristic is considered to be in low departure overall. 
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Flood Frequency 
Floods of varying magnitudes have occurred throughout the reference and current time periods. Floods 
are a natural characteristic of streamflow, and are ecologically important to the condition and function of 
riparian and aquatic ecosystems. Flows important for maintaining floodplains are those that overflow the 
channel banks and allow for soil moisture and local groundwater recharge, as well as redistribution and 
deposition of sediment. These flows are also important to defining channel shape. Flows important for 
regeneration of riparian species and maintenance of age-class diversity are those that remove older 
individuals and create conditions suitable for germination. Those conditions vary by species, but the timing 
between those flows and seed dispersal is critical. These flows also maintain the properties of the 
streambed material. (Gori et al. 2014; Naiman et al. 2005). Although there are other factors involved in 
the persistence of native fishes, natural flow regimes tend to favor native aquatic species over non-natives 
(Propst et al. 2008).  

Peak FQ results (see Analysis Methods subsection near the beginning of this chapter) characterizing the 
full period of record at each gage are displayed in Table 166, which is followed by a discussion of departure 
and trend. Recall that flood flows are described in terms of return intervals, which describe the likelihood 
of a flood of a certain magnitude will occur. For example, a flood with a two year return interval has a 50 
percent chance of occurring in any given year while a flood with a 100 year return interval has a one 
percent chance of occurring in any given year. 

Table 166. Magnitude and return interval for Mogollon Creek and the San Francisco, Gila and 
Mimbres Rivers, entire period of record 

USGS Gage 
Name 

Period of 
Record 

2-Year 
Return 

Interval (cfs) 

5-Year 
Return 

Interval (cfs) 

10-Year 
Return 

Interval (cfs) 

25-Year 
Return 

Interval (cfs) 

50-Year 
Return 

Interval (cfs) 

100-Year 
Return 

Interval (cfs) 

500-Year 
Return 

Interval (cfs) 

San Francisco 
River near 
Reserve, NM 

1960-2014 774 2,041 3,504 6,397 9,573 13,890 30,370 

San Francisco 
River near 
Glenwood, NM 

1928-2014 2,627 6,420 10,190 16,630 22,770 30,180 53,150 

Mogollon Creek 
near Cliff, NM 

1968-2014 827 2,613 4,731 8,862 13,250 18,990 39,080 

Gila River near 
Gila, NM 

1928-2014 2,062 6,194 11,240 21,700 33,500 49,790 113,100 

Gila River near 
Redrock, NM 

1931-2014 5,952 13,090 19,370 28,960 37,260 46,480 71,590 

Mimbres River 
at Mimbres, 
NM 

1979-2012 570 1,793 3,140 5,549 7,893 10,730 19,400 

  

The results of the PeakFQ modeling demonstrate a decline in the magnitude of flood flows associated with 
all return intervals over the current time period and the subset of the current time period at San Francisco 
near Reserve, Mimbres and Gila near Redrock. Post-2000 flows for the two year return interval are 11 
percent of reference for San Francisco at Reserve, 25 percent of reference at Mimbres and 72 percent of 
reference at Gila near Redrock. The 25 year return interval is 18, 24 and 77 percent of reference and the 
100 year return interval is 11, 26 and 78 percent of reference for each of these gages respectively.  

In contrast to these three gages, the San Francisco near Glenwood, Gila near Gila and Mogollon Creek 
generally demonstrate an increasing trend in the magnitude of the flows associated with all return 
intervals except the two-year return interval. Changes in flow for this interval are mixed, and relatively 
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small as opposed to the 48 to 55 percent increase associated with the 25 year return interval and the 56 
to 61 percent increase associated with the 100 year return interval.  

These results generally support the conclusions of the streamflow analysis presented in Chapter 6: Water 
and may have implications for flood frequency as an ecological process. Reductions or increases in the 
magnitude of the flows associated with return intervals might signal a departure from the flood frequency 
characteristics that native riparian systems are adapted to. However, some of this is likely due to the period 
of record at San Francisco near Reserve, Mimbres and Mogollon Creek gages as the reference time period 
includes only the relatively wet 1980s but does not include the drought of the 1950s. On the other hand, 
the Gila River Geomorphology Study, which included a flood frequency analysis, determined that the 
streamflow patterns at the San Francisco near Reserve could not be explained by precipitation (England 
2002).  

Chapter 6: Water also includes an analysis of monthly streamflow variables which demonstrates decreases 
in average streamflow in the winter and spring months (December-May) and a shift to earlier and shorter 
periods of peak snowmelt runoff. These changes have enormous ecological implications for riparian and 
aquatic systems. Recruitment of important vegetative components, like cottonwood, requires spring flood 
events be synchronized with seed dispersal. Changes in the timing of these floods also have implications 
for biological processes of many aquatic organisms.  

There have been significant and widespread post-fire flood events over the last few years that have 
impacted riparian and aquatic communities. These impacts include changes in the abundance and 
composition of aquatic species and riparian vegetation, as well as changes in the physical characteristics 
of stream channels and patterns of streamflow. In some areas, benefits have been realized as non-native 
fish species did not survive the flooding, while native species did. In other areas, all fish, including natives, 
were removed from the stream system (Chapter 6: Water).  

The removal of riparian vegetation due to fire induced changes in peak flows has negative, but potentially 
short-term impacts to stream temperatures and aquatic habitat. The duration of these impacts will depend 
on successful reestablishment of riparian vegetation communities. Reestablishment of willows has been 
observed in many areas. Additionally, changes in the physical characteristics of stream channels may 
represent long term alterations in streamflow and flood frequency. Considering the compounding factor 
of climate change, the reestablishment of riparian communities that resemble what existed previously, 
may or may not occur.   

Table 167 displays departure in flood frequency for the Gila NF riparian ERUs and groups. 
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Table 167. Departure in flood frequency for the Gila NF riparian ERUs and groups 
Ecological Response Unit Departure Category 

Cottonwood Group ERUS Moderate 

Narrowleaf Cottonwood/Shrub  Moderate 

Sycamore-Fremont Cottonwood High 

Fremont Cottonwood/Shrub Moderate 

Fremont Cottonwood-Oak Moderate 

Montane-Conifer Willow Group ERUs Moderate 

Arizona Alder-Willow Moderate 

Willow-Thinleaf Alder Moderate 

Ponderosa Pine/Willow Moderate 

Upper Montane Conifer/Willow Low 

Wetland (cienega) ERU High 

Herbaceous Riparian  High 

Walnut-Evergreen Tree Group ERUs Low 

Arizona Walnut  Low 

Walnut/Ponderosa Pine  Low 

Desert Willow Group ERU Low 

Desert Willow Low 

 

Flood frequency departure is low in those ERUs and groups associated with ephemeral channels. The 
primary reason it is low for the Upper Montane Conifer/Willow is that most of this ERU is located in the 
Headwaters East Fork Gila River watershed (5th level) which has seen some flow alterations since the Silver 
Fire, but not nearly to the extent of other watersheds. For streamside occurrences of the Herbaceous 
Riparian ERU where they occur in the wilderness, extents of high and moderate burn severity and post-
fire alterations to streamflow are responsible for departure in flood frequency. However, most of the 
Herbaceous Riparian ERU is located outside wilderness areas and in the Apache local unit. Here, the causal 
factors for departure have been discussed in the analysis of other characteristics in that ERU. Likewise, the 
same factors that contribute to departure of other key characteristics in the remaining ERUs also 
contribute to departure in flood frequency.  

Riverine Wetlands 
Wetlands are defined by hydrologic, soil and vegetative characteristics (Environmental Laboratory 1987). 
The classification system used by the US Fish and Wildlife Service’s (USFWS) National Wetland Inventory 
broadly describes wetlands on the Gila NF as being riverine or non-riverine. Riverine wetlands are 
associated with active stream channels where surface water is usually present and flowing. Non-riverine 
wetlands may be located in upland positions, or within stream valleys where surface water may be present 
at times, but where groundwater and subsurface flow have greater hydrologic significance than surface 
water in maintaining wetland characteristics. When they occur within stream valleys, they are located 
between the active stream channel and adjacent terrestrial ecosystems (Cowardin et al. 1979). Riparian 
ERUs include riverine wetland, non-riverine wetland, and non-wetlands areas. The extent and distribution 
of non-riverine wetlands are analyzed as a key characteristic of ground water in Chapter 6: Water, and in 
the analysis of the Herbaceous Riparian ERU (wetland (ciénega) group), of which they are a component. 
Riverine and non-riverine wetlands are mapped by the National Wetland Inventory in all riparian ERUs and 
are thus included in those analyses. Table 168 provides the number of riverine and non-riverine wetland 
acres contained within each riparian ERU and group as mapped by the USFWS National Wetland Inventory. 
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Table 168. Number and percent of wetland acres on the Gila NF by riparian ERU. 
Ecological Response Unit Acres of 

Riverine 
Wetlands 

Acres of Non-
Riverine 

Wetlands 

ERU Percent 
Wetland 

Cottonwood Group ERUS    

Narrowleaf Cottonwood/Shrub  1,150 1,409 11 

Sycamore-Fremont Cottonwood 823 541 21 

Fremont Cottonwood/Shrub 284 69 17 

Fremont Cottonwood-Oak 0 0 0 

Montane-Conifer Willow Group ERUs    

Arizona Alder-Willow 130 320 14 

Willow-Thinleaf Alder 47 42 4 

Ponderosa Pine/Willow 25 <1 3 

Upper Montane Conifer/Willow 24 3 4 

Wetland (cienega) ERU    

Herbaceous Riparian  58 145 8 

Walnut-Evergreen Tree Group ERUs    

Arizona Walnut  71 <1 5 

Walnut/Ponderosa Pine  4 <1 1 

Desert Willow Group ERU    

Desert Willow 102 4 1 

Gila NF Riparian ERU Total 2,694 2,534 5 

 

While the USFWS data has not been entirely ground-truthed, several site specific, detailed wetland studies 
have been conducted on the Gila NF along the Gila and San Francisco Rivers and provide baseline data 
informative for management of these important areas and the species they support. These studies include 
evaluation of soils, soil-water-plant relationships and/or vegetation and wildlife species inventories (Dick-
Peddie et al. 1987; Kindscher et al. 2008; Felger and Kindscher 2010; Kindscher et al. 2010; Kindscher in 
Gori et al. 2014; Muldavin et al. 2000).  

Riparian System Drivers and Stressors 
Every system driver and stressor discussed within the System Drivers and Stressors chapter apply to 
riparian ecosystems and characteristics analyzed. Climate and streamflow are the primary system drivers. 
Streamflow is assessed as an ecosystem characteristic in the Chapter 6: Water. Chapter 9: System Drivers 
and Stressors describes the historic and current status of the other system drivers and stressors, and their 
relationships with riparian ecosystems. This section identifies two additional drivers and stressors that are 
not discussed in that chapter: soil and upland watershed condition. Riparian soil is an additional system 
driver. Upland watershed condition can be a system driver or stressor depending on whether or not 
conditions are within the natural range of variability. This section focuses on describing the influence of 
soil and upland watershed condition on riparian characteristics.  

Riparian soils are a system driver. Streamside riparian soils tend to have greater variability across space 
and time than upland soils because of the influence of streamflow. Sediment, organic matter and nutrients 
are deposited, redistributed or removed periodically as a result of flooding. This creates a three-
dimensional mosaic of soils with different physical properties (e.g. soil texture and particle size class), and 
therefore different hydrologic properties (e.g. water holding capacity and infiltration capacity). The 
hydrological properties of riparian soils are a major determiner of the potential natural community 
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composition37, vegetative establishment and colonization, nutrient cycling pathways, the amount and 
duration of water availability, streambank and channel stability, and groundwater recharge. 

In general, erosion and sedimentation rates within Gila NF riparian zones are naturally greater than the 
rate of soil formation. This results in weakly developed soils that can also be highly productive because of 
the influx of nutrients and organic matter associated with floodwaters. The Herbaceous Wetland ERU is 
an exception to this generality as this ERU can be found in streamside environments, but also occurs as 
wet meadows in upland areas. Both of these environments typically produce well developed soils with 
considerable organic matter content. This is due to the greater natural stability of both streamside and 
upland occurrences of this ERU created by the dense, fibrous root systems characteristic of herbaceous 
riparian species. Landform and landscape position also contribute to greater natural stability of upland 
herbaceous wetlands.  

Upland watershed condition is important to the stability, quality and abundance of riparian (and aquatic) 
ecosystems through its influence on the supply of sediment, water and nutrients to the streams along 
which riparian corridors exist (Brooks et al. 2003). It is a system driver when conditions are within the 
natural range of variability, and a stressor when it is outside that range. Watershed condition is analyzed 
as a key ecosystem characteristic in Chapter 6: Water.  

Risk  
Risk to the ecological integrity of riparian ecosystem characteristics analyzed in this chapter is assessed for 
each ERU and group using the matrix displayed in Table 169 

Table 169. Because there are no data to assess trend, risk is a direct interpretation of departure. Results 
of this risk assessment are displayed in Table 170, with “L” meaning low risk, “M” moderate risk, “H” high 
risk and “ND” meaning there was insufficient data to assess departure for that characteristic in that ERU 
or group. While not displayed in the risk results, a moderate or greater watershed vulnerability to climate 
change elevates risk one category. This is the case for all Gila NF watersheds (see Chapter 9: System Drivers 
and Stressors). 

Table 169. Risk matrix for riparian ecosystem characteristics 

Departure Trend Toward Reference Trend Unknown or Static 
Trend Away from 

Reference 

High Risk Addressed High Risk Very High Risk 

Moderate Risk Addressed Moderate Risk High Risk 

Low Low Risk Low Risk Moderate Risk 

 

                                                      
37 Woody riparian vegetation such as cottonwood, willow, and sycamore prefer coarse textured soils that drain relatively quickly. 
Herbaceous riparian vegetation, such as sedges and rushes, tolerate longer periods of saturation and are typically associated with 
finer textured soils that have higher soil water holding capacities and do not drain as quickly. 
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Table 170 . ERU and group risk by ecosystem characteristic 

Ecological Response Unit and Riparian 
ERU Groups 

Key Ecosystem Characteristic 
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Cottonwood Group (CWG) ERUS M M M M M M 

Narrowleaf Cottonwood/Shrub M L M M M M 

Sycamore-Fremont Cottonwood M M M M M H 

Fremont Cottonwood/Shrub M M M M M M 

Fremont Cottonwood-Oak M ND ND M M M 

Montane-Conifer Willow Group ERUs M H H M H M 

Arizona Alder-Willow M H H M H M 

Willow-Thinleaf Alder M H H M H M 

Ponderosa Pine/Willow M ND ND M M M 

Upper Montane Conifer/Willow M M H M H M 

Wetland (cienega) Group ERU       

Herbaceous Riparian L M-H H M M-H H 

Walnut-Evergreen Tree Group ERUs M L L M M L 

Arizona Walnut M L L M M L 

Walnut/Ponderosa Pine M ND ND M M L 

Desert Willow Group ERU       

Desert Willow M M L M L L 
 

At the ERU and group scale, very few riparian systems and characteristics are within what is known about 
the natural range of variation; departure, and therefore risk, tend to be higher in higher elevation systems 
where fire related impacts have been greatest and where herbaceous riparian vegetation potential 
dominates and historic and current grazing impacts are greatest.  Seral state proportion is the only 
ecosystem characteristic analysis that relies on data that can and did assess departure directly at the local 
unit scale. Seral state proportion risk for the local units and the Forest as a whole are assessing the same 
risk matrix used for the ERU and groups (Table 169). “None” indicates that particular ERU does not occur 
within that particular local unit.  These results are displayed in the table below (Table 171). 

Table 171. Seral state proportion risk by local unit 

Local Unit and Key Ecosystem Characteristic  

Risk Rating  

C
o

tt
o

n
w

o
o

d
 G

ro
u

p
 

M
o

n
ta

n
e

 -
 C

o
n

if
e

r 
W

ill
o

w
 G

ro
u

p
 

W
e

tl
an

d
 (

C
ié

n
e

ga
) 

G
ro

u
p

 

W
al

n
u

t-
Ev

e
rg

re
e

n
 

Tr
e

e
 G

ro
u

p
 

D
e

se
rt

 W
ill

o
w

 

G
ro

u
p

 

Apache M M L M None 

Little Colorado-San Agustin Fringe M M L None None 

Mogollon Front M M H L L 

Black Range M M M M None 

Upper Gila River M M M M None 

Lower Gila River M M L M M 

Gila NF M M L M M 
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There is no pattern in risk associated with seral state proportion at the local unit scale for cottonwood 
group or montane conifer-willow group ERUs. For the wetland-ciénega group, risk tends to be lower where 
there are fewer occurrences of Herbaceous Riparian with the exception of the Mogollon Front local unit 
which has a relatively few acres and the highest risk. Determining why these 47 acres (Table 138) are at 
higher seral state proportion departure and risk than those acres contained in other local units requires 
site specific investigation. However, factors contributing to risk in all local units are the same as those 
contributing to departure, as discussed previously.   

For the remaining characteristics, risk is assessed using the same matrix (Table 169) and displayed by the 
percent of each local unit and the Forest within each risk category. These results are displayed in the table 
below (Table 172). 
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Table 172. Local unit and Forest risk for ecosystem characteristics other than seral state proportion 

Ecosystem Characteristic 

Local Unit and Percent in each Risk Category (L=Low, M=Moderate, H=High) 
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Ecological Status 56 6 24 88 7 4 29 62 7 82 13 5 40 19 41 28 67 3 48 39 12 

Vegetative Groundcover <1 60 24 0 96 4 22 70 7 4 91 5 1 57 41 59 35 3 19 67 12 

Vegetation Condition/ 
Function 

0 100 0 0 100 0 0 100 0 0 100 0 0 100 0 0 100 0 0 100 0 

Channel Shape and Function 0 76 24 0 86 14 16 76 8 0 95 5 0 58 42 57 39 4 17 71 13 

Flood Frequency 35 36 29 56 19 25 27 36 38 49 11 40 0 100 0 44 55 1 34 50 19 

Large Woody Debris ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 63 37 0 

Note: Where percentages to not equal 100 is indicative of an ERU that did not have data to describe that particular characteristic 

 

Because direct analysis of local unit departure and risk is not supported by the nature of the datasets available to assess the key characteristics 
listed in Table 152, the relative occurrence of ERUs and groups within each local unit retains the primarily explanatory value for observed patterns 
associated with these characteristics, rather than of management differences between local units. Most risk is moderate at the Forest scale with 
the exception of low risk associated with ecological status and large woody debris.  Factors contributing to risk are the same as those contributing 
to departure, as discussed previously.  A watershed vulnerability to climate change of moderate or greater, which is the case for all riparian ERUs, 
raises the degree of risk associated with each characteristic to the next highest category. 
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Stakeholder Input 
Riparian resources area of great concern to the Gila NF and the public. Community members hold diverse 
perceptions of what healthy riparian systems should be like, but is largely united in their belief that the 
Forest is neglecting and/or mismanaging these areas. Most of the public input received during the 
assessment on the riparian topic was focused on livestock grazing effects, although some are concerned 
about negative impacts resulting from roads, recreation, fire, poor upland watershed conditions, 
streamflow diversions and other constructed features along streams that support riparian communities. 
Salt cedar is also a concern. 

There are those that believe that our riparian areas have been damaged by the exclusion of livestock and 
are concerned that overgrown vegetation negatively effects the ability of water to move downstream and 
the ability of wildlife to navigate along the stream corridor. They have observed a decrease in species 
diversity, reduced aesthetics, and an increase of fire danger. Some believe that excluding riparian areas 
from livestock is not justified, scientifically or otherwise. Others point to the ability of sound grazing 
practices to invigorate riparian vegetation.  

On the other hand, there are those that believe all riparian areas should be excluded from livestock grazing 
and motorized travel because these activities reduce ecological and aesthetic values. They have observed 
an improvement in riparian areas that have been excluded. However, some believe the Gila NF has been 
negligent in riparian monitoring, maintaining exclosures and enforcing the rules. Others recognize a 
connection between upland watershed management and riparian conditions, but do not believe that the 
Forest adequately recognizes this connection. Setbacks related to post-fire effects, climate change and 
related changes in streamflow have been observed. There is also concern about negative impacts to 
riparian communities resulting from an Arizona Water Settlement Act diversion, including the loss of the 
natural flooding regime.  

After the release of the draft assessment, the Forest received additional input, feedback and comments 
related to riparian ecosystems, many of which were similar to those received early in the assessment 
process. Some stakeholders provided new ideas for managing or monitoring these ecosystems with 
suggestions of pursuing additional land acquisitions as a means to protect riparian ecosystems, the use of 
repeat photography as a simple, effective monitoring protocol, and placing greater emphasis on the 
habitat requirements of birds with respect to managing riparian vegetation communities. A few expressed 
concern about exclosures not being consistently mapped or quantified in the geospatial data and wanted 
to know why not. Some wanted to know what data drove the decisions to exclude these areas; if or how 
the effects of restoration were being measured, particularly in terms of rare plant species; what 
quantitative data was used to support watershed condition classification indicator ratings; and if 
assessments of riverine wetlands health and function and/or restoration needs had been conducted.  
Others wanted to know more about non-native, invasive and noxious species in the Forest’s riparian areas, 
including where they came from, or did not feel there was adequate discussion regarding these species in 
this chapter. One individual’s comments on this chapter included wanting to know what the Forest is doing 
to control mosquitoes associated with berms and other water storage structures.  

Data Gaps 
Despite the ecological importance of riparian areas, the Forest has relatively little quantitative, field based 
inventory and/or monitoring data related to key ecosystem characteristics of riparian. Such monitoring 
data could better inform management of these areas and provide a means for evaluating whether 
management is contributing to ecological integrity and sustainability, or not.    
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Summary 
This assessment reviews the best available information at watershed, ERU, and Forest levels, as well as the 
broader landscape, to assess the ecological integrity of the Forest’s riparian resources under current Forest 
Plan direction. Ecosystem integrity was assessed by evaluating key characteristics including: seral state 
proportion (vegetation structure), ecological status (vegetation composition), vegetation condition 
(function), vegetative groundcover (function), channel shape and function (function and connectivity), 
large woody debris (function), and flood frequency (process).  

These areas on the Gila NF are a focal point for humans, terrestrial wildlife, and livestock activities, as well 
as species that are obligate-dependence on wetland, riparian and aquatic habitats. Therefore, both 
demand and impacts are high. Under the current climatic regime and Forest management, risk to riparian 
ecological integrity ranges from low to high, with most characteristics being at moderate risk at most 
scales. Primary stressors that have compromised the ecological integrity of riparian resources are altered 
fire regimes, upland watershed condition, as a result of high and moderate severity fire, and associated 
alterations in streamflow and flood frequency.  Roads and trails and herbivory are also factors contributing 
risk.   

Climate change is an emerging stressor that elevates this risk, making what was a moderate risk into a high 
risk. Because of the scarcity of water resources in the Southwest, the Forest has a major responsibility for 
management and maintenance of the ecological integrity and sustainability of these systems. Local, state 
and regional demand for water, coupled with climate change increases risk associated with Forest water 
resources, and therefore riparian ecosystems. While climatic conditions, drought and water allocation are 
outside the scope of Forest management, the Forest can look for opportunities to monitor climate change 
influences and reduce the risk to riparian ecosystems by considering the key characteristic status identified 
at the project level. Riparian systems that have high ecological integrity are more resistant and resilient to 
natural and human caused disturbances, or alterations in those disturbance regimes. 
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Chapter 8. At-Risk Species 
Introduction 
This chapter focuses on identifying federally recognized threatened, endangered, proposed, and candidate 
species, as well as potential species of conservation concern (SCC). Additionally, these species will be 
evaluated to determine conditions and trends of species and their habitat, as well as risk to persistence 
on the Gila NF.  This chapter also documents information gaps relevant to at-risk species that may be filled 
through inventories, plan monitoring, or research. Other species of interest on the Gila NF, such as popular 
game species, are addressed in Chapter 11: Multiple Uses and their Economic Contributions. 

Under the National Forest Management Act, the Forest Service is directed to: 

“provide for diversity of plant and animal communities based on the suitability and 
capability of the specific land area in order to meet multiple-use objectives, and 
within the multiple-use objectives of a land management plan adopted pursuant to 
this section [of this Act], provide, where appropriate, to the degree practicable, for 
steps to be taken to preserve the diversity of tree species similar to that existing in the 
region controlled by the plan.” (NFMA, 16 U.S.C. 1604(g)(3)(B)) 

To meet this objective, the 2012 Planning Rule adopts a complementary ecosystem and species- specific 
approach to maintaining species diversity, known as coarse-filter/fine-filter (36 CFR § 219.9). The premise 
behind this approach is that native species evolved and adapted within limits established by natural 
landforms, vegetation, and disturbance patterns prior to extensive human alteration. Therefore, 
maintaining or restoring ecological conditions and functions similar to those under which native species 
evolved, offers the best assurance against losses of biological diversity and maintains habitats for the 
majority of species in an area. However, for some species, this approach may not be adequate, either 
because the reference condition is not achievable or non-habitat risks to species viability. 

The fine-filter approach recognizes that for some species, ecological condition or additional specific 
habitat features (key ecosystem characteristics) are required, and these may not be met by the coarse-
filter approach. To determine which animal and plant species may require this approach, the Gila NF has 
identified federally listed threatened, endangered, proposed, and candidate species and developed a list 
of potential SCC that occur within the plan area. This list will be used to develop specific plan components 
that ensure continued species diversity in the plan area. Maintaining species that are vulnerable to decline 
within the Gila NF will maintain diversity on the Forest and thus, comply with the NFMA diversity 
requirement. 

Plant and animal species are highly dependent on the function of ecosystems with specific conditions, 
such as local soil, air, water, aspect, elevation, precipitation, etc., which create areas favorable for 
particular species. The most important direct drivers of biodiversity loss and ecosystem service changes 
are habitat change (e.g., land use changes, physical modification of rivers, or water withdrawal from 
rivers), climate change, invasive species, overexploitation, and pollution (MEA 2005). This chapter builds 
on reference and current ecological conditions of other terrestrial and aquatic ecological resources 
assessed in this plan. It relies heavily on descriptions of current ecological conditions described within the 
terrestrial vegetation types, known as ecological response units (ERUs) (Chapter 1: Ecological Integrity and 
Sustainability), on the Gila NF and the Integration and Risk Assessment of these ERUs. Additional 
information can be found in the Upland Vegetation (Chapter 2) and Riparian Vegetation (Chapter 7) 
chapters of this assessment report. 
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Federally Recognized Species 
The Endangered Species Act (Act; 16 U.S.C. Sec. 1531-1544), administered by the U.S. Fish and Wildlife 
Service (FWS), recognizes imperiled species and provides for their protection and recovery. Table 173 
identifies the 12 federally endangered, 10 threatened, two proposed threatened species, one candidate 
species, and two experimental non-essential population species listed for the four counties (Catron, 
Grant, Hidalgo, and Sierra) of the Gila NF (USDI FWS 2016a).  However, only five endangered species 
(Southwestern willow flycatcher, Gila chub, Loach minnow, Spikedace, and Lesser long-nosed bat), one 
non-essential experimental species (Mexican gray wolf), seven threatened species (Chiricahua leopard 
frog, Mexican spotted owl, Yellow-billed cuckoo, Chihuahua chub, Gila trout, Narrow-headed gartersnake, 
and Northern Mexican gartersnake), and two proposed threatened species (Headwater chub and 
Roundtail chub) are found within the planning area. Lesser long-nosed bat was initially not included as a 
species that occurred on the Gila NF. However, following the public engagement process with the release of the 
Draft Assessment Report, information was presented that showed the species does indeed occur within the plan 
area. This species is highlighted with shaded cells in the following tables and carried forward through 
subsequent tables in this chapter. 

Seven endangered (Least tern, Gila topminnow, Rio Grande silvery minnow, Todsen’s pennyroyal, Jaguar, 
Mexican long-nosed bat, and New Mexico meadow jumping mouse), three threatened (Beautiful shiner, 
Zuni fleabane, and New Mexican ridge-nosed rattlesnake), the one candidate species (Sprague’s Pipit), and 
one experimental non-essential species (Northern Aplomado falcon) are listed for the four counties, but 
do not occur on the Gila NF and will not be carried forward in the assessment analysis.  In the case of the Gila 
topminnow and beautiful shiner, these two species have been completely removed and no longer occur on the 
Gila NF.   

Section 4 of the Endangered Species Act requires the FWS to identify and protect all lands, water, and air 
necessary to recover an endangered species; this is known as critical habitat. Critical habitats are areas 
that are needed for life processes, including space for individual and population growth and for normal 
behavior; cover or shelter; food, water, air; light, minerals, or other nutritional or physiological 
requirements; sites for breeding and rearing offspring; and habitats that are protected from disturbances 
or are representative of historical geographical and ecological distributions of a species. The Chiricahua 
leopard frog, Mexican spotted owl, southwestern willow flycatcher, Gila chub, Loach minnow, and 
Spikedace have final designated critical habitat, while Yellow-billed cuckoo, Narrow-headed gartersnake, 
and Northern Mexican gartersnake all have proposed critical habitat designated on the Gila NF.  Critical 
habitat is described more in Chapter 13: Designated Areas. 

Section 7 of the Endangered Species Act requires federal agencies to ensure actions they authorize, fund, 
or carry out are not likely to destroy or adversely modify designated critical habitat. Section 7 of the Act 
also requires that any federal agency that carries out, permits, licenses, funds, or otherwise authorizes 
activities that may affect a listed species must consult with the Fish and Wildlife Service to ensure that its 
actions are not likely to jeopardize the continued existence of any listed species. 
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Table 173. Federally listed threatened or endangered species listed for the four-county area 
(Catron, Grant, Hidalgo, and Sierra) of the Gila National Forest.  
Note: An asterisk (*) denotes species carried forward as federally listed species for the Gila NF. 
 

Common Name Scientific Name 
Federal 
Status 

Critical 
Habitat on 

Gila NF 

Amphibians and Reptiles 

Chiricahua leopard frog* Lithobates chiricahuensis Threatened Yes 

Narrow-headed gartersnake* Thamnophis rufipunctatus Threatened Proposed 

New Mexican ridge-nosed rattlesnake Crotalus willardi obscurus Threatened No 

Northern Mexican gartersnake* Thamnophis eques megalops Threatened Proposed 

Birds 

Least tern Sterna antillarum Endangered No 

Mexican spotted owl* Strix occidentalis lucida Threatened Yes 

Northern aplomado falcon Falco femoralis septentrionalis Experimental 
population , 
Non-essential 

No 

Southwestern willow flycatcher* Empidonax traillii extimus Endangered Yes 

Sprague’s pipit Anthus spragueii Candidate No 

Western yellow-billed cuckoo* Coccyzus americanus occidentalis Threatened Proposed 

Fishes 

Beautiful shiner Cyprinella formosa Threatened No 

Chihuahua chub* Gila nigrescens Threatened No 

Gila chub* Gila intermedia Endangered Yes 

Gila topminnow Poeciliopsis occidentalis Endangered No 

Gila trout* Oncorhynchus gilae Threatened No 

Headwater chub* Gila nigra Proposed 
Threatened 

No 

Loach minnow* Tiaroga cobitis Endangered  Yes 

Rio Grande silvery minnow Hybognathus amarus Endangered No 

Roundtail chub* Gila robusta Proposed 
Threatened 

No 

Spikedace* Meda fulgida Endangered Yes 
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Common Name Scientific Name 
Federal 
Status 

Critical 
Habitat on 

Gila NF 

Flowering Plants 

Todsen’s pennyroyal Hedeoma todsenii Endangered No 

Zuni fleabane Erigeron rhizomatus Threatened No 

Mammals 

Mexican Gray wolf* Canis lupus baileyi Experimental, 
Non-Essential 
population 

No 

Jaguar Panthera onca Endangered No 

Lesser long-nosed bat* Leptonycteris curasoae yerbabuenae Endangered  No 

Mexican long-nosed bat Leptonycteris nivalis Endangered No 

New Mexican meadow jumping 
mouse 

 
Zapus hudsonius luteus 

 
Endangered 

 
No 
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Potential Species of Conservation Concern 
A species of conservation concern (SCC) is defined in the 2012 Planning Rule as “a species, other than 
federally recognized threatened, endangered, proposed, or candidate species, that is known to occur in 
the plan area and for which the regional forester has determined that the best available scientific 
information indicates substantial concern about the species’ capability to persist over the long-term in the 
plan area.” The guidance provided in the final directives for the 2012 planning regulations (Forest Service 
Handbook [FSH] 1909.12 – Land Management Planning, Chapter 10) is used to develop the SCC list for 
the Gila NF.  

1. All potential SCCs must meet the following mandatory requirements for their identification as SCC: 
 The species is native to, and known to occur in, the plan area. A species is known to occur 

in a plan area if, at the time of plan development, the best available scientific information 
indicates that a species is established or is becoming established in the plan area.  

 The best available scientific information about the species indicates substantial concern 
about the species’ capability to persist over the long term in the plan area. See FSH 
1909.12, zero code, section 07, for guidance on best available scientific information. 

2. A species should not be identified as a potential SCC if: 
• The species is secure and its continued long-term persistence in the plan area is not at 

risk based on knowledge of its abundance, distribution, lack of threats to persistence, 

trends in habitat, or responses to management. 

• There is insufficient scientific information available to conclude there is a substantial 
concern about a species’ capability to persist in the plan area over the long-term that 
species cannot be identified as a species of conservation concern. 

 Its occurrence is thought to be “accidental,” well outside its current range. A species with 

an individual occurrences in a plan area that are merely “accidental” or “transient,” or 
are well outside the species’ existing range at the time of plan development, is not 

established or becoming established in the plan area. If the range of a species is changing 
so that what is becoming its "normal" range includes the plan area, an individual 
occurrence should not be considered transient or accidental. 

Species to Consider when Identifying Potential Species of Conservation Concern 
1. Species native to and known to occur in the planning area. 

2. Species in the following categories must be considered: 
a. Species with status ranks of G/T1 or G/T2 on the NatureServe ranking system (see 

below). These species are expected to be included unless it can be demonstrated and 
documented that known threats for these species are not currently present or relevant 
in the plan area. 

b. Species that were removed within the past 5 years from the Federal list of threatened or 
endangered species, and other delisted species that the regulatory agency still monitors. 

3. Species in the following categories should be considered: 
a. Species with status ranks of G/T3 or S1 or S2 on the NatureServe ranking system (see 

below). 
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b. Species listed as threatened or endangered by relevant States, federally recognized 
Tribes, or Alaska Native Corporations. 

c. Species identified by Federal, State, federally recognized Tribes, or Alaska Native 
Corporations as a high priority for conservation 

d. Species identified as species of conservation concern in adjoining National Forest System 
plan areas (including plan areas across regional boundaries). 

e. Species that have been petitioned for Federal listing and for which a positive”90-day 
finding” has been made. 

f. Species for which the best available scientific information indicates there is local 
conservation concern about the species’ capability to persist over the long-term in the 
plan area due to: 

i. Significant threats, caused by stressors on and off the plan area, to populations 
or the ecological conditions they depend upon (habitat).  These threats include 
climate change. 

ii. Declining trends in populations or habitat in the plan area. 

iii. Restricted ranges (with corresponding narrow endemics, disjunct populations, 
or species at the edge of their range). 

iv. Low population numbers or restricted ecological conditions (habitat) within the 
plan area. 

NatureServe Conservation Status Ranks 
NatureServe conservation status ranks are based on a scale of one to five, ranging from critically imperiled 
(G1) to demonstrably secure (G5).  Status is assessed and documented at three distinct geographic scales– 
global (G), national (N), and State/province (S).  The conservation status of a species or ecosystem is 
designated by a number from 1 to 5, preceded by a letter reflecting the appropriate geographic scale of 
the assessment (Table 174). (http://www.natureserve.org/explorer/ranking.htm). 

  

http://www.natureserve.org/explorer/ranking.htm
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Table 174.  NatureServe Ranking Descriptions 

  Status Rank   Status Rank Definition 

1 Species is Critically Imperiled 

At very high risk of extinction or elimination due to very restricted range, very few populations or 
occurrences, very steep declines, very severe threats, or other factors. 

 

  
2  Species is Imperiled 

At high risk of extinction or elimination due to restricted range, few populations or occurrences, 
steep declines, severe threats, or other factors. 

3 Species is Vulnerable 

At moderate risk of extinction or elimination due to a fairly restricted range, relatively few 
populations or occurrences, recent and widespread declines, threats, or other factors. 

4 Species is Apparently Secure 

At fairly low risk of extinction or elimination due to an extensive range and/or many populations 
or occurrences, but with possible cause for some concern as a result of local recent declines, 
threats, or other factors. 

5 Species is Secure 

At very low risk of extinction or elimination due to a very extensive range, abundant populations 
or occurrences, and little to no concern from declines or threats. 

Infraspecific taxa refer to subspecies, varieties, and other designations below the level of the species.  The status 
of infraspecific taxa (subspecies or varieties) are indicated by a T-rank following the species’ global rank.  Rules 
for assigning T-ranks follow the same principles outlined above.  For example, the global rank of a critically 
imperiled subspecies of an otherwise widespread and common species would be G5T1. 
Migratory bird species are assigned a B or N-rank as part of their state (S) rank.  B refers to “Breeding” and N 
refers to “Non-breeding” populations.  For example, the rank of a species that is globally common but migratory 
and commonly only winters in the state would have a rank of G5/S1B,S4N. 

Evaluating Relevant Information for At-Risk Species 

Potential species of conservation concern were evaluated and information on each species was gathered 
and evaluated from several sources representing the Best Available Scientific Information (BASI) to 
determine risk to each species.  Both the Planning Rule and final directives mandate the use of BASI for 
each resource parameter evaluated in this assessment.   

According to NatureServe (NatureServe 2015), there are more than 7,000 unique animal, plant, and fungi 
species found in New Mexico. In developing the Gila NF potential SCC list, species records were exported 
from NatureServe for all species occurring in the four counties (Catron, Grant, Hidalgo, and Sierra) in which 
the Gila NF occurs.  Species with status ranks of G or T 1, 2, or 3 and S 1 and 2 are species that have been 
identified by state natural heritage programs, the U.S. Fish and Wildlife Service, the International Union 
for Conservation of Nature, the Canadian Wildlife Service, and others as facing possible risk of extinction. 
To this list, we also included: 

 Species that are identified as recently delisted or have a positive 90-day finding in New Mexico 
by the USFWS; 

 Species listed as threatened or endangered by New Mexico Department of Game and Fish 
(NMDGF) (BISON-M 2015) and State Forestry Division (NM EMNRD 2015a); 
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 Species on the Southwestern Regional Forester’s Sensitive Species List (USDA FS 2013c); 

 Species identified as those of greatest conservation need by the New Mexico Comprehensive 
Wildlife Conservation Strategy (NMDGF 2006, 2016b); 

 Rare plants as identified by the New Mexico Rare Plants Technical Council (NMRPTC 1999);  

 Birds of Conservation Concern List by the USFWS (USDI FWS 2015a); 

 New Mexico Avian Conservation Partners Bird Conservation Plan 2.1 bird list (NMPIF 2007). 
 
This list of approximately 1,266 species formed the initial basis of the potential SCC list within the four 
counties in which the Gila NF occurs, and was comprised of 332 vascular and non-vascular plants, 390 
invertebrates, and 544 vertebrates, which included 20 amphibians, 54 reptiles, 54 fish, 99 mammals, and 
317 birds. 

The next part of the process involved removing species with rankings of G/T 4 or 5, and S 3-5 from the 
potential SCC list, unless the species was listed as state threatened or endangered.  Then we identified 
which of these species actually occur on the Gila NF (FSH 1909.12, 12.52c (1)). Where possible, published 
location information was used to filter out species that were not reported within the Gila NF itself. 

Internal databases (USDA FS 2014b), breeding bird species survey data (Shook et al. 2015), and museum 
databases, including Arctos Collection Management Information System (Arctos 2016), Biota Information 
System of New Mexico (BISON-M 2016), Breeding Bird Survey data (Sauer et al. 2014); Natural Heritage 
New Mexico (Natural Heritage NM 2016), NatureServe (2016), New Mexico Rare Plant Technical Council 
(NMRPTC 1999), Southwest Environmental Information Network (SEINet 2016) were queried for Forest-
specific observations. 

In addition to the databases and lists cited above, Forest Service biologists at the Gila NF Supervisor’s 
Office and ranger districts, as well as the Southwestern Regional Office were consulted in the development 
of the potential SCC list. Subject matter experts were interviewed via personal communications. Staff at 
Natural Heritage New Mexico (R. McCollough); New Mexico Department of Game and Fish (C. Hayes, J. 
Dominguez, K. Rodden, M. Darr, D. Propst (retired)); New Mexico State Forestry Division state botanist (D. 
Roth); Western New Mexico University (R. Jennings, D. Zimmerman Emeritus Professor); U.S. Fish and 
Wildlife Service (M. Christman); and others were able to review internal records and databases or rely on 
agency specialists to further filter the list. 

While compiling relevant species information, several sources of data that appeared to fill gaps in the BASI 
were encountered. Citizen science is a growing movement in conservation and allows volunteers to collect 
and submit data to online databases including eBird (eBird 2016), iNaturalist (iNaturalist 2016), and 
BugGuide.Net (BugGuide 2016). These resources were used where it was possible to verify observations. 

For highly visible and high-interest species information (e.g. birds), reliable collections and observation 
data were readily available.  Additionally, the current Forest Plan requires monitoring for management 
indicator species, Region 3 sensitive species, and federally listed species.  For many other species, however, 
this information was simply not available. In many cases there was little known about species (life history, 
habitat needs, etc.), other than they occur on the Gila NF.  This lack of information pertained primarily to 
insect species such as a mayfly (Leucrocuta petersi) and a notodontid moth (Oligocentria delicata) which 
were not carried forward.  There were also species not carried forward since they were thought to be 
“vagrants”, or birds that stray far outside of their expected breeding, wintering, or migrating range so that 
they are considered accidental, such as elegant trogon (Trogon elegans) and Harris’s hawk (Parabuteo 
unicinctus).   
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From the initial 1,266 potential SCC identified for the four county area encompassing the Gila NF, and 
several species listed by the State of New Mexico, 95 species are reliably documented on the Gila NF and 
meets one or more criteria for potential SCC in the directives (Table 175).  

Additionally, the Gila NF Draft Assessment Report was released in September 2016 allowing interested 
stakeholders to provide feedback. Numerous comments from individuals, organizations, and other 
government agencies were and catalogued in the project record. There were numerous species we were 
asked to evaluate or re-evaluate for inclusion into the SCC list.  Many of these species either did not occur 
on Gila NF lands, do not meet criteria outlined in the directives for inclusion as an SCC, or they have 
previously been assessed and found not to be a SCC. There were 16 species that were not originally 
evaluated, and of those, five are not known to occur on the Gila NF.  Two of these species (Costa’s 
hummingbird and Neotropic cormorant) are considered accidental and were not carried forward.  The 
other nine species have been added to the following lists, bringing the total number of species carried 
forward for consideration as an SCC to 104.  These species, identified through public engagement, are 
highlighted with shaded cells in the following tables and carried forward through subsequent tables in this 
chapter.  

Table 175. Species known to occur in the plan area and carried forward for consideration as 
potential species of conservation concern. 

Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Amphibians 

Arizona toad Anaxyrus microscaphus CN, RF, G4/S2? Ryan et al. 2015 

Birds 

Abert’s Towhee Melozone aberti CN, G3G4/S1B,S1N, 
RF, S 

Natural Heritage NM 
2015, BISON-M 2016, 
Shook et al. 2015 

American Goldfinch Spinus tristis G5/S2B,S5N NatureServe 2016, 
BISON-M 2016 

American Peregrine 
Falcon 

Falco peregrinus anatum CN, G4T4/S2B,S3N, 
RF, S 

USDA FS Gila NF 
2016a, Natural 
Heritage NM 2015 

Bald Eagle Haliaeetus leucocephalus CN, G5/S1B,S4N, 
RF, S 

USDA FS Gila NF, 
2016a 

Bank Swallow Riparia riparia CN, G5/S2B,S5N BISON-M 2016 

Bell’s Vireo Vireo bellii CN, G5/S2B,S3N, 
RF, S 

Natural Heritage NM 
2015,  Shook et al. 
2015 

Black Swift Cypseloides niger CN, G4/S2B,S2N BISON-M 2016, 
NatureServe 2016 

                                                      
38 CN = Identified as a species of greatest conservation need in the New Mexico Comprehensive Wildlife Conservation Strategy 
Report; PF= Federally petitioned for listing; NatureServe Ranking - Global (G), Taxonomic (T), State (S), Breeding (B), Non-breeding 
(N), Not Ranked (NR), or Uncertainty on ranking (?); RF = Regional Forester’s Sensitive Species List; and S = State-listed as 
threatened or endangered. NatureServe codes futher described in Table 174. 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Blue-throated 
Hummingbird 

Lampornis clemenciae G5/S2B,S2N BISON-M 2016, 
NatureServe 2016 

Brown-crested 
flycatcher 

Myiarchus tyrannulus G5/S2B, S4N BISON-M 2016, e-Bird 
2016, Shook et al. 
2015 

Common Blackhawk Buteogallus anthracinus CN, G4G5/S2B,S3N, 
RF, S 

BISON-M 2016, 
Natural Heritage NM 
2015, USDA FS Gila 
NF 2016a,  Sauer et al. 
2014 

Eastern bluebird Sialia sialis G5/S2B,S2N BISON-M 2016, 
NatureServe 2016 

Ferruginous Hawk Buteo regalis CN, G4/S2B,S4N BISON-M 2016 

Gray Vireo Vireo vicinior CN, G5/N5/S4B, 
S3N, RF, S 

Natural Heritage NM 
2015, Sauer 2014, 
BISON-M 2016 

Gila Woodpecker Melanerpes uropygialis CN, G5/S2B,S2N, 
RF, S 

Natural Heritage NM 
2015, NatureServe 
2016,  Sauer et al. 
2014, Shook et al. 
2015 

Lewis’s woodpecker Melanerpes lewis CN BISON-M 2016 

Lincoln's Sparrow Melospiza lincolnii G5/S2B,S5N NatureServe 2016, 
BISON-M 2016 

Marsh Wren Cistothorus palustris G5/S1B,S5N NatureServe 2016, 
BISON-M 2016 

Northern Goshawk Accipiter gentilis CN, G5/S2B,S3N, RF NatureServe 2016, 
Natural Heritage NM 
2015, USDA FS Gila 
NF 2016a, Shook et al. 
2015 

Northern Harrier Circus cyaneus CN, G5/S2B,S5N NatureServe 2016, 
BISON-M 2016 

Osprey Pandion haliaetus CN, G5/S2B,S4N NatureServe 2016, 
BISON-M 2016 

Pinyon jay Gymnorhinus cyanocephalus CN BISON-M 2016 

Ring-necked Duck Aythya collaris G5/S1B,S4N NatureServe 2016, 
BISON-M 2016 

Savannah Sparrow Passerculus sandwichensis G5/S2B,S5N NatureServe 2016, 
BISON-M 2016 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Wilson's Phalarope Phalaropus tricolor CN, G5/S2B,S4N NatureServe 2016, 
BISON-M 2016 

Wilson's Warbler Cardellina pusilla G5/S2B,S4N NatureServe 2016, 
BISON-M 2016 

Yellow-eyed Junco Junco phaeonotus CN, G5/S2B, S2N, S e-Bird 2016, 
Zimmerman pers. 
comm. 2016 

Fish 

Desert Sucker  Catostomus clarkii CN, G3G4/S2, RF USDA FS Gila NF 
2016a, Natural 
Heritage NM 2015, 
NMED SWQB 
2015c, NatureServe 
2016, FishNET 2015 

Rio Grande cutthroat 
trout 

Oncorhychus clarkii 
virginalis 

CN, G4/T3/S2, RF USDA FS Gila NF 
2016a, Natural 
Heritage NM 2015, 
NMED SWQB 
2015c, NatureServe 
2016, FishNET 2015 

Rio Grande sucker 
 
Catostomus plebeius 

CN, G3G4/S2, PF, 
RF 

USDA FS Gila NF 
2016a, Natural 
Heritage NM 2015, 
NMED SWQB 
2015c, NatureServe 
2016, FishNET 2015 

 Sonora Sucker  Catostomus insignis CN, G3G4/S2, RF USDA FS Gila NF 
2016a, Natural 
Heritage NM 2015, 
NMED SWQB 
2015c, NatureServe 
2016, FishNET 2015 

Invertebrates 
"Gila" May Fly Lachlania dencyanna CN, G1/SNR, RF NatureServe 2016, 

BISON-M 2016 
A Stonefly Capnia caryi CN, G1/SNR, RF NatureServe 2016, 

BISON-M 2016, 
Bauman and Jacobi 
2002 

Arizona Snaketail Ophiogomphus arizonicus CN, G2G3/SNR NatureServe 2016, 
BISON-M 2016, IUCN 
2016 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Bearded Mountainsnail Oreohelix barbata CN, G1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Black Range 
Mountainsnail 

Oreohelix metcalfei 
acutidiscus 

CN, G2/T1/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Black Range 
Mountainsnail 

Oreohelix metcalfei 
hermosensis 

CN, G2/T1T2/SNR Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Black Range 
Woodlandsnail 

Ashmunella cockerelli 
cockerelli 

G1/T1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Cockerell Holospira Snail Holospira cockerelli CN, G1/S1 Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Cross Snaggletooth Gastrocopta quadridens G2G3/S4 Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Dashed Ringtail Erpetogomphus heterodon CN, G2G4/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
IUCN 2016 

Dry Creek 
Woodlandsnail 

Ashmunella tetrodon tetrodon G3/T3/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Four-spotted Skipperling 
Skipper 

Piruna polingii CN, G3/SNR Natural Heritage NM 
2016, BISON-M 2016, 
NatureServe 2016, 
Zimmerman 2001 

Gila Springsnail Pyrgulopsis gilae CN, G2/S2, RF, S Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
IUCN 2016, USDA FS 
Gila NF 2016a 

Iron Creek 
Woodlandsnail 

Ashmunella mendax CN, G1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Marsh Slug Snail Deroceras heterura CN, G1G2/SNR Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Mineral Creek 
Mountainsnail 

Oreohelix pilsbryi CN, G1/S1, RF, S Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Monarch Butterfly Danaus plexippus plexippus PF, G4/T3 NatureServe 2016, 
USFWS 2014 

Morgan Creek 
Mountainsnail 

Oreohelix swopei G1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

New Mexico Hot 
Springsnail 

Pyrgulopsis thermalis CN, G1/S1, RF, S Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
IUCN 2016, USDA FS 
Gila NF 2016a 

Nitrocris Fritillary 
Butterfly 

Speyeria nokomis nitocris CN, G3/T3/SNR Natural Heritage NM 
2016, BISON-M 2016, 
NatureServe 2016, 
Zimmerman 2001 

No Common Name Snail Ashmunella cockerelli 
argenticola 

G1/T1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

No Common Name Snail Ashmunella cockerelli 
perobtusa 

G1/T1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

No Common Name Snail Ashmunella tetrodon 
animorum 

G3/T3/S3, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

No Common Name Snail Ashmunella tetrodon inermis G3/T2/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

No Common Name Snail Ashmunella tetrodon mutator G3/T2/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

No Common Name Snail Oreohelix metcalfei radiata CN, G2/T2/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

No Common Name 
(Black Range 
mountainsnail) 

Oreohelix metcalfei 
concentrica 

CN, G2/SNR, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Silver Creek 
Woodlandsnail 

Ashmunella binneyi CN, G1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Sonoran Snaggletooth 
Snail 

Gastrocopta prototypus CN, G1/SNR Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Stonefly Taenionema jacobii CN, G2/SNR NatureServe 2016, 
BISON-M 2016, Stewart 
2009 

Tiger Moth Alexicles aspersa CN, G1G2/SNR NatureServe 2016, 
BISON-M 2016, Metzler 
2014 

Western Bumble Bee Bombus occidentalis 
occidentalis 

PF, G4/T1T3/SNR NatureServe 2016, 
USDI FWS 2016b 

Whitewater Creek 
Woodlandsnail 

Ashmunella danielsi G1/S1, RF Natural Heritage NM 
2015, BISON-M 2016, 
NatureServe 2016, 
Metcalfe and Smartt 
1997 

Plants 

Blumer’s dock Rumex orthoneurus G3/S2? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016 

Cliff Brittlebush Apacheria chiricahuensis G2/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Davidson's Cliff Carrot Pteryxia davidsonii G2/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Gila Thistle Cirsium gilense G3G5Q/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Goodding's Bladderpod Lesquerella gooddingii G3?/S3 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Gooding's Onion Allium gooddingii G4/S1, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Greene Milkweed Asclepias uncialis ssp. 
uncialis 

G3G4/T2T3/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Heartleaf Groundsel Packera cardamine 
(=Senecio cardamine) 

G3/S3, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Hess's Fleabane Erigeron hessii G1/S1, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Horned Spurge Euphorbia brachycera G5/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Metcalfe's Groundsel Packera neomexicana var. 
metcalfei 

G5/T3?Q/S3? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Metcalfe's Penstemon Penstemon metcalfei G1/S1, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mimbres Figwort Scrophularia macrantha G2/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mogollon Clover Trifolium neurophyllum G2/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mogollon Death Camas Zigadenus mogollonensis G3/S3 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mogollon Hawkweed Hieracium brevipilum (=H. 
fendleri var. mogollense) 

G4/T2?/S2?, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mogollon Mountain 
Lousewort 

Pedicularis angustifolia G2/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016 
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Common Name Scientific Name 
Rationale for 

Consideration38 
Source(s) for 

Presence 

Mogollon Whitlowgrass 
(Draba) 

Draba mogollonica G3/S3 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mt. Graham 
Beardtongue 

Penstemon deaveri G3?/S3? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

New Mexican Gumweed Grindelia arizonica var. 
neomexicana 

G4/T3?/SNR NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

New Mexico Groundsel Packera quaerens G2/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Nutrioso Milkvetch Astragalus nutriosensis G3?/SNR NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999, Isely 
1998 

Pinos Altos Flame 
Flower 

Talinum humile G2/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Porsild's Starwort Stellaria porsildii G1/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Silver Mock Orange Philadelphus argenteus G5?Q/S1? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Threadleaf Giant-hyssop Agastache rupestris G3?/S3? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Villous Groundcover 
Milkvetch 

Astragalus humistratus var. 
crispulus 

G4G5/T3?/SNR, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

White Mountain 
Groundsel 

Packera cynthioides G3?/S3? NatureServe 2016, 
SEINet 2016, NMRPTC 
1999 

Winn Falls Fleabane Erigeron scopulinus G3?/S3? NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Wooton's Hawthorn Crataegus wootoniana G2/S2, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 
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Common Name Scientific Name 
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Consideration38 
Source(s) for 

Presence 

Wright's Catchfly 
(campion) 

Silene wrightii G3/S2 NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Wright's Dogweed Adenophyllum wrightii var. 
wrightii 

G1?/S1, RF NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Yellow Lady's-Slipper Cypripedium parviflorum var. 
pubescens 

G5/T5/S2?, RF, S NatureServe 2016, 
Natural Heritage NM 
2015, SEINet 2016, 
NMRPTC 1999 

Mammals 

Arizona Gray Squirrel  Sciurus arizonensis 
arizonensis 

CN, G4/S2, RF NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015 

Arizona Montane Vole     Microtus montanus 
arizonensis 

CN, G5/T4/S1, RF, S NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015, Frey 
1995 

Bighorn Sheep Ovis canadensis CN, G4/S1 NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015 

Gunnison's Prairie Dog 
(prairie population) 

Cynomys gunnisoni CN, G5/S2, RF NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015 

Hooded Skunk Mephitis macroura G5/S2, RF NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015 

Spotted Bat Euderma maculatum RF, S NatureServe 2016, 
BISON-M 2016, Natural 
Heritage NM 2015 

White-nosed Coati Nasua narica CN, G5/S2 NatureServe 2016, 
BISON-M, 2016, Natural 
Heritage NM 2015 

Identify species that are at risk of persisting over the long term in the plan area. 
The next step of the SCC analysis process determined which species can be removed from the potential 
SCC list because it is secure and its continued long-term persistence in the plan area is not at risk. Criteria 
for this removal step were: (1) “transient” (e.g. northern harrier) or “vagrant” (e.g. elegant trogon) species 
(also called “accidental” species) are species that have been documented to use the Gila NF only 
occasionally for foraging; (2) species inhabit areas not known to be affected by threats; (3) there is 
insufficient information to evaluate whether or not the species is at risk for persistence within the plan 
area; (4) species has a stable to upward population or habitat trend on the Gila NF; or (5) is a “game” 
species according to NMDGF meaning that the population is secure enough to withstand harvest, and as such 
its population is secure. 

Based on knowledge of the species’ abundance, distribution, lack of threats to persistence, trends in 
habitat, or responses to management, 53 of the 104 species identified as potential SCC are secure and 
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their continued long-term persistence in the plan area are not at risk. As such, these species are no longer 
considered for further analysis as potential SCCs. Table 176 lists the species removed and the rationale for 
removing them.  More detailed rationale for each species removed from SCC consideration is provided in 
Appendix G.   

Table 176. Potential species of conservation concern removed from further analysis, and rationale 
for removal 

Common Name Rationale for Removal from Potential SCC List 

Birds 

Abert’s towhee Permanent resident on Gila NF (NatureServe 2016). Piñon-juniper woodlands and 
cottonwood group riparian ERUs in low to moderate departure, and population trend 
appears to be relatively stable to slightly increasing (Sauer et al. 2014). 

American goldfinch Fairly common winter resident on Gila NF (Zimmerman 2011, NatureServe 2016) with 
increasing population trend in New Mexico (Sauer et al. 2014). 

American peregrine 
falcon 

Relatively well-distributed across Gila NF in cliff habitat that is not likely departed from 
reference conditions, particularly in wilderness areas.  Protected habitat through 
inaccessibility, and trend is relatively stable to slightly increasing (Sauer 2014). 

Bald eagle Only nesting pair on Gila NF is tolerant of campgrounds where they build their nest.  
Typically occur on Gila NF during winter.  Population increasing in Western United States 
(Sauer 2014). 

Bank swallow Transient on Gila NF (Zimmerman 1995, NatureServe 2016).  They may use the Gila NF 
as a stop over on their way to summer breeding grounds, utilizing open or partly open 
areas, usually near flowing water (NatureServe 2016) or riparian ERUs. These ERUs are 
in low to moderate departure. 

Bell’s vireo Distributed through the lower Gila and lower San Francisco River drainages.  Protections 
for other threatened and endangered species habitat also benefit this species and has 
alleviated some threats.  Trend appears stable to slightly increasing in New Mexico 
(Sauer 2014) and showing a significant increase on the Gila NF (Shook et al. 2015). 

Black swift Transient on Gila NF (Zimmerman 2011, NatureServe 2016).  They may use the Gila NF 
as a stop over on their way to summer breeding grounds, utilizing bare rock or cliff habitat 
(NatureServe 2016).  Rock and cliff habitat are likely not departed from reference 
conditions. 

Blue-throated 
hummingbird 

Species has been found from the town of Mogollon, southeast to the Mimbres Valley and 
Pinos Altos (e-Bird 2016). Population trends show relatively stable to increasing 
(NatureServe 2016).  ERUs of occurrence are in low to moderate departure except for semi-
desert grassland that is highly departed. However, species commonly nests in altered 
habitats nesting on buildings or other structures (NatureServe 2016). 

Brown-crested flycatcher Species is fairly well distributed in the San Francisco, Gila, and Mimbres River drainages (e-
Bird 2016). May occur in woodland and riparian ERUs, all of which are in low to moderate 
departure. Population trends show an increase in the western United States (Sauer 2014), 
with a significant increase in numbers on the Gila NF in the Gila Birding Area (Shook 2015). 

Common Blackhawk Relatively well-distributed in lower elevations of major river systems on the Gila NF.  
ERUs of occurrence are in low to moderate departure. Populations thought to be stable to 
increasing (NatureServe 2016, IUCN 2016, Shook and Walkup 2012). 
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Common Name Rationale for Removal from Potential SCC List 

Eastern bluebird Rare winter residents on Gila NF (Zimmerman 1995). Utilizes piñon/juniper woodlands, 
piñon/juniper grassland, and riparian ERUs that are in low to moderate departure.   

Ferruginous hawk Uncommon transient and winter resident on the Gila NF (Zimmerman 1995). They may 
use the Gila NF as a stop over on their way to summer breeding grounds, utilizing open 
grasslands, savannahs, and open piñon/juniper woodlands, tending to avoid dense 
vegetation (NatureServe 2016). Grassland and woodland ERUs this species uses are in 
low to moderate departure, and population is increasing in New Mexico (Sauer 2014). 

Gray vireo While this species is a rare summer resident on the Gila NF (Zimmerman 2011), 
population trend on the Gila NF and in the region are stable to increasing (Sauer 2014). 
Species uses hot arid regions utilizing primarily juniper, piñon pine, and oak (NMDGF 
2007) that occur within several woodland ERUs that are in low to moderate departure.  

Lincoln’s sparrow Uncommon winter residents and common transients through the Gila NF (Zimmerman 
1995). They may use the Gila NF as a stop over on their way to summer breeding grounds, 
utilizing herbaceous wetlands, riparian areas, and shrubby woodland areas (NatureServe 
2016). This would include several woodland, shrubland, and riparian ERUs, all of which are 
in low to moderate departure. Population in New Mexico is increasing (Sauer 2014). 

Marsh wren Uncommon winter residents and common transients through the Gila NF (Zimmerman 
1995).  They may use the Gila NF as a stop over on their way to summer breeding 
grounds, utilizing herbaceous wetlands or riparian areas (NatureServe 2016). Riparian 
ERUs are in low to moderate departure. Populations stable to increasing in Southern 
Rockies/Colorado Plateau and Western United States (Sauer 2014). 

Northern goshawk Species is well-distributed across the Gila NF.  Current management practices have 
alleviated threats from timber removal and are designed to help improve habitat.  These will 
be carried forward in the new forest plan. Trend is stable on the Gila NF (USDA FS Gila NF 
2012) and relatively stable to increasing in New Mexico (Sauer 2014). 

Northern harrier Uncommon winter residents and transients through the Gila NF (Zimmerman 1995). They 
may use the Gila NF as a stop over on their way to summer breeding grounds, utilizing 
herbaceous wetlands, grasslands, meadows, or cultivated fields (NatureServe 2016). 
Woodland and grassland ERUs this species would utilize are in low to moderated departure.  

Osprey No osprey nests are known on Gila NF, and they are transients to Gila National Forest 
(Zimmerman, 1995). They may use the Gila NF as a stop over on their way to summer 
breeding grounds, utilizing riparian areas near large water bodies (NatureServe 2016). 
Riparian ERUs are in low to moderate departure. Population increasing in Western United 
States (Sauer 2014). 

Pinyon jay This species is widely distributed across the Gila NF and commonly found (e-Bird 2016). 
This species occurs in woodlands with piñon pine, but may also occur in pine/oak 
woodlands as well as shrubland ERUs on the Gila NF.  All of these ERUs are in low to 
moderate departure (Chapter 2: Upland Vegetation). This species declines in numbers have 
been associated with legacy actions (i.e. chaining) that is no longer practiced on the Gila 
NF. 

Ring-necked duck Ring-necked ducks are uncommon summer residents but fairly common transients to Gila 
National Forest (Zimmerman, 1995). They may use the Gila NF as a stop over on their way 
to summer breeding grounds, utilizing riparian areas near large water bodies (NatureServe 
2016). Riparian ERUs are in low to moderate departure. Populations increasing in Western 
United States (Sauer 2014).  This a game species and as such, the species is abundant 
enough to allow for take of individuals (NMDGF 2016c). 
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Common Name Rationale for Removal from Potential SCC List 

Savannah sparrow Uncommon winter residents and fairly common transients through Gila National Forest 
(Zimmerman, 1995). They may use the Gila NF as a stop over on their way to summer 
breeding grounds, utilizing open woodland or grassland ERUs (NatureServe 2016). 
Woodland and grassland ERUs this species may use are in low to moderate departure. 

Wilson’s phalarope Rare transients through the Gila NF (Zimmerman 1995). They may use the Gila NF as a 
stop over on their way to summer breeding grounds, utilizing riparian areas near large water 
bodies (NatureServe 2016). Riparian ERUs are in low to moderate departure.  

Wilson’s warbler Common transients through the Gila NF (Zimmerman 1995). They may use the Gila NF as a 
stop over on their way to summer breeding grounds, utilizing open woodland or grassland 
ERUs (NatureServe 2016). The species may utilize riparian or woodland ERUs that are in 
low to moderate departure. 

Yellow-eyed junco Species has been found in the Burro Mountains (e-Bird 2016, Zimmerman pers. comm. 
2016), and it is believed to be breeding since the late 2000s.  However, there is a belief by 
some that they may be hybrids between yellow-eyed junco and dark-eyed junco (e-Bird 
2016). Species appears to be expanding its range as it was only known from the Animas 
and Peloncillo Mountains in the bootheel of New Mexico (BISON-M 2016). The pine-oak 
forest and woodland ERUs this species can occur in are in low to moderate departure.  

Fish 

Desert sucker Species is well distributed and still occurs in most streams it was present in historically in the 
Gila and San Francisco River drainages, even though their trend appears to be declining 
over the last 10 years. Third most collected fish during this study (Paroz et al. 2006). Long-
term decline of 10-30% regarded as relatively stable (NatureServe 2016).  

Rio Grande cutthroat 
trout 

Animas Creek no longer has any fish species as a result of the ash flows from the 2013 
Silver Fire.  Rio Grande cutthroat trout will be reintroduced into the creek as soon as 
conditions warrant, where they were believed to occur historically   

Sonora sucker Species is well distributed and still occurs in most streams it was present in historically in the 
Gila and San Francisco River drainages, even though their trend appears to be declining 
over the last 10 years. Second most collected fish during this study (Paroz et al. 2006). 
Short term decline of <30% to relatively stable, and long-term decline of <30% to an 
increase of 25% (NatureServe 2016). 

Invertebrates 

Arizona snaketail Populations appear stable, species is reasonably widespread, and can be locally common 
(NatureServe 2016, IUCN 2016). Occurs in pine woodland streams with silt that provides 
for larval habitat where National Forest lands provide a level of protection (NatureServe 
2016). 

Cross snaggletooth Little is known about distribution, abundance, and trend of this species on the Gila NF, 
although it has been found in the Mogollon Mountains (Metcalf and Smartt 1997).  Habitat 
consists of forest openings consisting of calcareous bedrock (Metcalfe and Smartt 1997), 
which is likely not departed from reference conditions.  

Dashed ringtail May occur in clear, rocky, mountain streams or rivers (NatureServe 2016). Not enough 
information known about species.  Unknown life history as only adult form of this species 
have been found, and it is unknown what the larvae look like (NatureServe 2016). 
Population trend is stable (IUCN 2016). Lacking information to evaluate whether or not the 
species is at risk for persistence. 
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Common Name Rationale for Removal from Potential SCC List 

Dry Creek woodlandsnail 
(A.t. tetrodon) 

This species occurs in Dry Creek Canyon in the Mogollon Mountains, and occurs along 
creek bottoms where deciduous trees produce abundant leaf litter where snails occur 
under and around stones and logs (Metcalf and Smartt 1997).  Habitat is intact post 2013 
Whitewater Baldy Fire. Their numbers are likely stable as they have been found in the mid-
1990s where they were originally described in the early 1900s, where they have likely 
persisted following several flooding events. 

Four-spotted skipperling 
skipper 

Unknown habitat and life history needs as it is not known what larval host plant the species 
uses. Species may occur in several different ERUs from narrowleaf cottonwood/shrub, 
ponderosa pine forest, up to spruce/fir forest.  All of these ERUs are in low to moderate 
departure, with the exception of ponderosa pine forest that is in high departure.  Species is 
frequently encountered in the Gila NF, although it never seems to be too common 
(Zimmerman 2001). Lacking information to evaluate whether or not the species is at risk 
for persistence as we don’t know habitat requirements for persistence (larval host plant). 

Mayfly Unknown habitat and life history needs. Known from warm, medium sized rivers, occurring 
in rivers with silt covered rocks and sandy bottoms (NatureServe 2016). Lacking 
information to evaluate whether or not the species is at risk for persistence (Bednarik and 
Edmunds 1980). 

Monarch butterfly Not known to breed on the Gila NF and only passes through on its way, presumably to its 
wintering grounds (Zimmerman 2001). Flowering plants available for the monarch are 
abundant when they migrate through. This species is mostly observed migrating through 
using the Gila NF only temporarily and is not normally subject to impacts from 
management activities. 

Notodontid moth The species has historically been found in oak/juniper/pine woodlands (NatureServe 
2016), mostly on the Coronado NF. Woodland ERUs on the Gila NF are in low to 
moderate departure. Unknown habitat and life history needs, and only one historic location 
is mentioned in Grant County with no location data. It is unknown if it occurs on Gila NF 
lands. Lacking information to evaluate whether or not the species is at risk for persistence 
(NatureServe 2016). 

Mammals 

Arizona gray squirrel Frey et al. (2008) notes that Arizona gray squirrel occupies mid-elevation riparian areas, 
distributed well across the Gila NF, and has experienced no expansion or contraction of 
their distribution. These ERUs are in low to moderate departure on the Gila NF. The NM 
Department of Game and Fish list gray squirrels as a game species as they don’t make 
a distinction for Arizona gray squirrels (NMDGF 2016c). Habitat and distribution appear 
to be stable.  

Bighorn sheep Population trends for Rocky Mountain bighorn sheep within the Gila NF were decreasing 
from 2004-2012, but have been on the increase since 2013 with a large jump in the San 
Francisco population in 2014 (NMDGF 2016b). This species is managed as a game 
species (NMDGF 2016c), and as such are secure enough to be hunted. 

Hooded skunk Unprotected furbearer (NMDGF 2016c). Relatively well-distributed in several ERUs on Gila 
NF, and thrives in areas of human disturbance (BISON-M 2016). Population trends show 
increase (IUCN 2016). 

Spotted bat Fairly well-distributed on the Gila NF (Natural Heritage NM 2015).  This species occupies 
cliff and crevice habitat and is effectively protected from most threats.  Trend appears to 
be relatively stable (NatureServe 2016) to stable (IUCN 2016). 
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White-nosed coati Relatively well-distributed across the Gila NF (Natural Heritage NM 2015).  Threats have 
been alleviated through protections implemented through the State of NM where they are 
classified as “a protected furbearer that cannot be taken” (NMDGF 2016c).  Distribution 
has increased on the Gila NF since 1970. 

Plants 

Blumer’s dock Species is relatively well distributed across the Gila NF (SEINet 2016). Occurs near 
perennial springs, in unshaded meadows or along stream sides in canyons, in moist, 
organic soils (NatureServe 2016). Riparian ERUs that this species may occur within are in 
low to moderate departure. Range has expanded as plants previously thought to have 
been R. occidentalis were identified as R. orthoneurus (Regional Foresters Region 3 
Sensitive Species List 2013). Since the species is relatively well distributed, range has 
been expanded, and the riparian ERUs in which this species may occur are in low to 
moderate departure from reference conditions, then the species is not considered to be at 
risk for persistence on the Gila NF. 

Gila thistle It is not threatened by prevailing land uses within its range.  It is known to increase with 
disturbance (NMRPTC 1999) and may be increasing after the fires that have burned within 
known occupied sites (Roth 2016).   

Gooding’s bladderpod Occurs in several different ERUs, some of which have low to moderate departure. 
Prevailing land uses do not threaten the species within its range.  It can occupy disturbed 
areas, such as highway rights-of-way.  Since species is relatively well distributed and 
habitat is quite abundant on the Gila NF, with the majority not highly departed, then the 
species is not considered to be at risk for persistence on the Gila NF. 

Horned spurge Little known about threats, trends, abundance, or habitat requirements for this 
species.  It is well-distributed across the Gila NF and globally secure. Lacking 
information to evaluate whether or not the species is at risk for persistence. Since 
the species is well distributed across the Gila NF and habitat is quite abundant on 
the Gila NF, with the majority not highly departed, then the species is not 
considered to be at risk for persistence on the Gila NF  

Metcalf’s groundsel Fairly well-distributed and occurs within several different ERUs.  There appear to be no 
significant land use threats to the species or its habitat, and it is quite common within its 
limited range (NMRPTC 1999). There are few external threats impacting its populations 
and/or their habitat, and habitat is quite abundant across the Gila NF, therefore its 
persistence on the Forest is not considered at risk.  

Mogollon whitlowgrass 
(Draba) 

Well-distributed across Gila NF, and the habitat this species occupies essentially 
removes most threats.  Species is well distributed across Gila NF, current land uses 
pose no threat to species because habitat is relatively inaccessible, and the plant is 
often found in large populations throughout its range, this species is not considered to 
be at risk for persistence on the Gila NF. 

Mt. Graham beardtongue Current land uses pose no threat to the species (NMRPTC 1999). Given that this species 
is fairly well distributed across Gila NF, current land uses apparently pose no threat to 
species, and habitat is abundant across the forest, this species is not considered to be at 
risk for persistence on the Gila NF. 

New Mexican gumweed Relatively well-distributed across Gila NF, can occur in many different ERUs, and trends 
are not known (SEINet 2016).   Since species is relatively well distributed and habitat is 
quite abundant on the Gila NF, with the majority not highly departed, then the species is 
not considered to be at risk for persistence on the Gila NF. 
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Nutrioso milkvetch Most recent description of the species by Isely (1998) does not record the species in 
NM.  SEINet removed this species from occurrence on the Gila NF in 2017.  Species is 
a narrow endemic to the Rio Nutrioso Drainage in AZ.  Not palatable to livestock, but 
may be subject to weed eradication programs.  No other threats known and trend is 
unknown. Not present on Gila NF, so removed from consideration as an SCC. 

Silver mock orange Little known about threats, trends, abundance, or specific habitat requirements for this 
species.  It is fairly well-distributed across the Gila NF and globally secure. Since the 
species is fairly well distributed, and amount of acreage within ERUs it may occur in is 
abundant on the Gila NF, with the majority not highly departed, then the species is not 
considered to be at risk for persistence on the Gila NF. 

Threadleaf giant-hyssop Relatively well-distributed, no threats noted, and no authors make note of rarity of 
species (NMRPTC 1999). Habitat is abundant and the majority is not highly departed. 
Species not considered to be at risk for persistence on Gila NF. 

Villous groundcover 
milkvetch 

Fairly well-distributed, occurs within several ERUs, occurs in disturbed areas, no 
identified threats or trends (NMRPTC 1999). Habitat is abundant and the majority is not 
highly departed. Species not considered to be at risk for persistence on Gila NF. 

White Mountain 
groundsel 

Well-distributed across Gila NF, occurs within several ERUs, some of which have low to 
moderate departure.  Prevailing land uses do not threaten the species.  It can occupy 
disturbed areas like road cuts (NMRPTC 1999).  Since the species is well distributed, 
prevailing land uses do not threaten the species, and habitat is quite abundant on the 
Gila NF, with the majority not highly departed, then the species is not considered to be 
at risk for persistence on the Gila NF. 

Winn Falls fleabane Well-distributed across Gila NF, populations can be locally abundant, cliff habitat 
effectively removes threats to this species (NMRPTC 1999) and have not likely changed 
from reference conditions.  This species is not considered to be at risk for persistence 
on the Gila NF. 

Wright’s catchfly 
(campion) 

The species is tied to cliff/crevice habitat.  These features offer considerable protection 
where current land uses pose no threat to the species (NMRPTC 1999). Given that this 
species is fairly well distributed across Gila NF, current land uses apparently pose no 
threat to species because habitat is relatively inaccessible, and cliff habitat is not likely 
departed from reference conditions, this species is not considered to be at risk for 
persistence on the Gila NF. 

 

There are 51 potential SCC with substantial concern about their capability to persist in the plan area over 
the long term. Gunnison’s prairie dog remained on the potential SCC list as these species have concerns 
for persistence in the plan area; however, the concerns for persistence are due to actions or activities 
outside of agency control, authority, or capability (Sylvatic plague). 

In summary, Table 177 lists the potential 51 SCC that are documented to occur on the Gila NF and that the 
best available scientific information indicates substantial concern about their capability to persist over the 
long term in the plan area. Information was presented during public engagement that changed the 
determination of the Arizona toad to being a potential species of conservation concern.  Therefore, it is highlighted 
with shaded cells in the following tables and carried forward through subsequent tables in this chapter. 
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Table 177. Potential species of conservation concern for the Gila National Forest 

Common Name Scientific Name NatureServe Ranking39 

Amphibians   

Arizona toad Anaxyrus microscaphus G4/S2? 

Birds   

Gila woodpecker Melanerpes uropygialis G5/S2B,S2N 

Lewis’s woodpecker Melanerpes lewis G4/S3B,S3N 

Fish   

Rio Grande sucker Catostomus plebeius G3G4/S2 

Invertebrates   

A Stonefly Capnia caryi 
G1/SNR 

Bearded Mountainsnail Oreohelix barbata 
G1/S1 

Black Range Mountainsnail Oreohelix metcalfei acutidiscus 
G2/T1/SNR 

Black Range Mountainsnail Oreohelix metcalei hermosensis 
G2/T1T2/SNR 

Black Range Woodlandsnail Ashmunella cockerelli cockerelli 
G1/T1/S1 

Cockerell Holispera Snail Holispera cockerelli 
G1/S1 

“Gila” Mayfly Lachlania dencyanna 
G1/SNR 

Gila Springsnail Pyrgulopsis gilae 
G2/S2:Threatened 

Iron Creek Woodlandsnail Ashmunella mendax 
G1/S1 

Marsh Slug Snail Deroceras heterura 
G1G2/SNR 

Mineral Creek Mountainsnail Oreohelix pilsbryi 
G1/S1:Threatened 

Morgan Creek Mountainsnail Oreohelix swopei 
G1/S1 

New Mexico Hot Springsnail Pyrgulopsis thermalis 
G1/S1:Threatened 

Nitrocris Fritillary Butterfly Speyeria nokomis nitocris 
G3/T3/SNR 

No Common Name Snail Ashmunella cockerelli argenticola 
G1/T1/S1 

No Common Name Snail Ashmunella cockerelli perobtusa 
G1/T1/S1 

No Common Name Snail Ashmunella tetrodon animorum 
G3/T3/S3 

No Common Name Snail Ashmunella tetrodon inermis 
G3/T2/SNR 

No Common Name Snail Ashmunella tetrodon mutator 
G3/T2/SNR 

No Common Name Snail Oreohelix metcalfei radiata 
G2/T2/SNR 

No Common Name (Black Range 
mountainsnail) 

Oreohelix metcalfei concentrica 
G2/SNR 

                                                      
39 NatureServe Ranking - Global (G), Taxonomic (T), State (S), Breeding (B), Non-breeding (N), Not Ranked (NR), or Uncertainty on 
ranking (?) 
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Common Name Scientific Name NatureServe Ranking39 

Silver Creek Woodlandsnail Ashmunella binneyi 
G1/S1 

Sonoran Snaggletooth Snail Gastrocopta prototypus 
G1/SNR 

Stonefly Taenionema jacobii 
G2/SNR 

Tiger Moth Alexicles aspersa 
G1G2 

Western Bumble Bee Bombus occidentalis occidentalis 
G4/T1T3 

Whitewater Creek Woodlandsnail Ashmunella danielsi 
G1/S1 

Mammals   

Arizona montane vole Microtus montanus arizonensis G5/T4/S1:Endangered 

Gunnison’s prairie dog Cynomys gunnisoni G5/S2 

Plants   

Cliff Brittlebrush Apacheria chiricahuensis 
G2/S2 

Davidson’s Cliff Carrot Pteryxia davidsonii 
G2/S2 

Gooding's Onion Allium gooddingii 
G4/S1 

Greene Milkweed Asclepias uncialis ssp. uncialis 
G3G4/T2T3/S2 

Heartleaf Groundsel Packera cardamine (=Senecio 
cardamine) G3/S3 

Hess’s Fleabane Erigeron hessii 
G1/S1 

Metcalfe's Penstemon Penstemon metcalfei 
G1/S1 

Mimbres Figwort Scophularia macrantha 
G2/S2 

Mogollon Clover Trifolium neurophyllum 
G2/S2 

Mogollon Death Camas Zigadenus mogollonensis 
G3/S3 

Mogollon Hawkweed Hieracium brevipilum (=H. fendleri 
var. mogollense) G4/T2?/S2? 

Mogollon Mountain Lousewort Pedicularis angustifolia 
 G2/S2 

New Mexico Groundsel Packera quaerens 
G2/S2 

Pinos Altos Flameflower Talinum humile 
G2/S2 

Porsild's Starwort Stellaria porsildii 
G1/S1 

Wooton’s Hawthorne Crataegus wootoniana 
G2/S2 

Wright’s Dogweed Adenophyllum wrightii var. wrightii 
G1?/S1 

Yellow Lady's-Slipper Cypripedium parviflorum var. 
pubescens G5/T5/S2? 
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Ecological Conditions 
The next step associated the 51 remaining potential SCC (Table 177) and 15 federally listed species (Table 
173) with ecological condition and key ecosystem characteristics described within ecological response 
units (ERUs) on the Gila NF. Vegetation is one of the primary factors that influences species diversity and 
abundance and is one of the more obvious habitat components influenced by management, land use, 
and natural disturbance. To make the species risk assessment relevant to other ecological risk 
assessments presented in this document, and because vegetation is such a significant habitat component 
for species, vegetation types and key ecosystem characteristics were categorized following ERUs, as 
applied in Chapter 2: Upland Vegetation and Chapter 7: Riparian. These ERUs are a stratification of 
ecosystem settings that are each similar in indicator plant species, succession patterns, and disturbance 
regimes that, in concept and resolution, are most useful to management. In other words, ERUs are the 
range of plant associations (USDA FS 1997), along with structure and process characteristics that would 
occur when natural disturbance regimes and biological processes prevail (Schussman and Smith 2006a). 

A departed ERU may not contain the vegetation that would have existed under the natural range of 
variation (NRV) and historical disturbance regime. However, the assessment of vegetation characteristics 
within each ERU quantifies the current ecological conditions of each ERU.  Species presence and absence 
on the Forest is, in many cases, directly tied to availability, current ecological condition, and key ecosystem 
characteristics of ERUs. Associating particular ERUs with specific species is critical for assessing future 
management needs. The description of current ecological condition for each ERU (see Chapter 2: Upland 
Vegetation and Chapter 7: Riparian) was used to discern the status of the ecological conditions on the 
Forest needed to recover federally listed species, conserve proposed and candidate species, and maintain 

viable populations of species of conservation concern. 

Federally threatened, endangered, and proposed species, as well as potential SCC were associated with 
dominant ERU types in Table 178 below. These associations were informed by a number of different 
sources, including the Biota Information System of New Mexico (BISON-M 2016), the New Mexico Rare 
Plants Website (NMRPTC 1999), NatureServe Data Explorer (NatureServe 2015), and personal 

communications with ecologists, species experts, and agency biologists. 

In many cases, species habitat needs were not represented solely by the overall ecological conditions of 
ERUs, but by more specific ecosystem characteristics required by the species (e.g., birds requiring snags or 
rocky outcrops for perching or nesting). In these cases, specific ecosystem characteristics were recorded 
and assessed separately from the ERUs (Table 180). Overall, an effort was made to associate species with 
ERUs (based on current ecological conditions described therein) whenever possible, because later stages 
of forest plan revision will center on the management of ERUs. This relationship between species and ERUs 
is the premise of the coarse-filter approach discussed above and appropriate management of ERUs is 
expected to benefit at-risk and common species. The relationship between species and key ecosystem 
characteristics will help to identify fine-filter approaches necessary for preserving species diversity on the 
Gila NF.  
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Table 178. Federally listed (*) and potential species of conservation concern currently known to 
occur in the plan area and associated ecological response unit types40, riparian/aquatic habitats, 
and features41. 
1=Unknown habitat or life history needs 
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Amphibians and Reptiles 

Arizona toad              X  

Chiricahua leopard frog*              X  

Narrow-headed gartersnake*              X  

Northern Mexican 
gartersnake* 

             X  

Birds 

Gila woodpecker              X X 

Lewis’s woodpecker         X X X   X X 

Mexican spotted owl*          X X X X X X 

Southwestern willow 
flycatcher* 

             X  

Western yellow-billed cuckoo*              X  

Fish 

Chihuahua chub*              X  

Gila chub*              X  

Gila trout*              X  

Headwater chub*              X  

Loach minnow*              X  

Rio Grande sucker              X  

                                                      
40 SDG=semi-desert grassland, MSG=montane sub-alpine grassland, CPGB=Colorado Plateau, Great Basin grassland, 
MMS=mountain mahogany mixed-shrubland, PJG= piñon-juniper grassland, PJO= piñon-juniper woodland, MPO=madrean pine-
oak woodland, JUG=juniper grassland, PPE=ponderosa pine-evergreen oak woodland, PPF=ponderosa pine forest, MCD=mixed 
conifer frequent fire, MCW=mixed conifer with aspen, SFF=spruce-fir forest. 
41 Features include cliffs, talus slopes, rock scree, snags, leaf litter, and soils. 
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Roundtail chub*              X  

Spikedace*              X  

Invertebrates 

A Stonefly (C. caryi)1              X  

Bearded Mountainsnail              X X 

Black Range Mountainsnail 
(O.m. acutidiscus) 

              X 

Black Range Mountainsnail 
(O.m. hermosensis) 

              X 

Black Range Woodlandsnail               X 

Cockerell Holospira Snail       X        X 

“Gila” Mayfly (L. dencyanna)1              X  

Gila Springsnail              X X 

Iron Creek Woodlandsnail         X X X X  X X 

Marsh Slug Snail               X 

Mineral Creek Mountainsnail               X 

Morgan Creek Mountainsnail          X X X   X 

New Mexico Hot Springsnail              X X 

Nitrocris Fritillary Butterfly             X   

No Common Name (A.c. 
argenticola) 

              X 

No Common Name (A.c. 
pertubosa) 

              X 

No Common Name (A.t. 
animorum) 

              X 

No Common Name (A.t. 
inermis) 

             X X 
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No Common Name (A.t. 
mutator) 

             X X 

No Common Name (O.m. 
radiata) 

              X 

No Common Name (O.m. 
concentrica) 

              X 

Silver Creek Woodlandsnail           X X   X 

Sonoran Snaggletooth Snail              X  

Stonefly (T. jacobii)1              X  

Tiger Moth (A. aspersa)1                

Western Bumble Bee  X X X X X X X X X X X X X  

Whitewater Creek 
Woodlandsnail 

              X 

Mammals 

Arizona montane vole          X X X  X  

Gunnison’s prairie dog  X X  X   X        

Lesser long-nosed bat* X    X X X       X X 

Mexican gray wolf*  X X X X X X X X X X X X   

Plants 

Cliff brittlebrush               X 

Davidson’s cliff carrot               X 

Gooding’s onion           X X X X  

Greene’s milkweed   X     X       X 

Heartleaf groundsel            X X   

Hess’s fleabane               X 

Metcalfe’s penstemon              X X 
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Mimbres figwort      X   X     X X 

Mogollon clover          X X   X X 

Mogollon death camas            X X   

Mogollon hawkweed          X X X    

Mogollon Mountain Lousewort            X X   

New Mexico groundsel          X X X  X X 

Pinos Altos flame flower      X X  X       

Porsild’s starwort          X X X    

Wooton’s hawthorn              X  

Wright’s dogweed     X X          

Yellow lady’s-slipper          X X X   X 

Grouping of Species 
Species can be grouped a number of different ways that are useful for identifying broad threats to their 
continued existence on the Gila NF. For efficiency during the risk assessment portion of this evaluation, 
species were grouped according to their associated ERUs described above and presented in Table 178.  
This information is summarized by taxonomic group in Table 179. It is acknowledged that grouping species 
in this manner will not accurately capture all of their specific habitat needs, and so they have also been 
sorted by key ecosystem characteristics (Table 180). 

Table 179. Federally listed species and potential species of conservation concern summarized by 
taxonomic group and their associated ERUs, riparian/aquatic habitat, and features. 

ERU Amphibs Birds Fish Inverts Mammals Plants   Reptiles Total 

Semi-Desert Grassland (SDG) 
    1    

Montane Subalpine Grassland (MSG) 
   1 2   3 

Colorado Plateau-Great Basin Grassland (CPGB) 
   1 2 1  4 

Mountain Mahogany Mixed Shrubland (MMS) 
   1 1   2 

Piñon-Juniper Grassland (PJG) 
   1 3 1  5 

Piñon-Juniper Woodland (PJO)    1 2 3  6 

Madrean Pine-Oak (MPO) 
   2 2 1  5 
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ERU Amphibs Birds Fish Inverts Mammals Plants   Reptiles Total 

Juniper Grass (JUG) 
   1 2 1  4 

Ponderosa Pine-Evergreen Oak (PPE) 
 1  2 1 2  6 

Ponderosa Pine Forest (PPF) 
 2  3 2 5  12 

Mixed Conifer with Frequent Fire (MCD) 
 2  4 2 6  14 

Mixed Conifer with Aspen (MCW) 
 1  4 2 8  15 

Spruce-Fir Forest (SFF) 
 1  2 1 4  8 

Riparian/Aquatics 
1 5 8 11 2 6 2 35 

Features (cliffs,talus,rock,tree,soil) 
 3  20 1 9  33 
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Table 180. Key ecosystem characteristics associated with federally listed species (*) and potential 
species of conservation concern known to currently occur in the plan area 
 

Associated Key Ecosystem Characteristics Associated Species 

Tree features 
(cavities, snags, leaves, bark, downed logs, 
leaf or forest litter) 

 Mexican spotted owl* 
 Gila woodpecker 
 Lewis’s woodpecker 
 No Common Name (A.c. argenticola) 
 Whitewater Creek Woodlandsnail  
 Sonoran Snaggletooth Snail 
 Bearded Mountainsnail 

Rock features 
(canyons, cliffs, crevices, outcrops) 

 Mexican spotted owl* 
 Lesser long-nosed bat* 
 No Common Name (A.c. argenticola) 
 Black Range Woodlandsnail  
 No Common Name (A.c. pertubosa) 
 Whitewater Creek Woodlandsnail  
 No Common Name (A.t. animorum) 
 Black Range Mountainsnail (O.m. actutidiscus) 
 Black Range Mountainsnail (O.m. hermosensis) 
 Mineral Creek Mountainsnail 
 No Common Name (O.m. concentrica) 
 No Common Name (O.m. radiata) 
 Hess’s fleabane 
 Metcalfe’s penstemon 
 Porsild’s starwort 

Riparian and aquatic features 
(riparian areas, springs, permanent water) 

 Chiricahua leopard frog* 
 Narrow-headed gartersnake* 
 Northern Mexican gartersnake* 
 Mexican spotted owl* 
 Gila woodpecker 
 Southwestern willow flycatcher* 
 Western yellow-billed cuckoo* 
 Chihuahua chub* 
 Gila chub* 
 Gila trout* 
 Headwater chub* 
 Loach minnow*  
 Rio Grande sucker 
 Roundtail chub* 
 Spikedace* 
 Bearded Mountainsnail 
 Iron Creek Woodlandsnail 
 Gila Springsnail 
 A Stonefly (C. caryi) 
 Stonefly (T. jacobii) 
 “Gila” mayfly (L. dencyanna) 
 New Mexico Hot Springsnail 
 Sonoran Snaggletooth Snail 
 Mogollon clover 
 New Mexico groundsel 
 Arizona montane vole 
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Associated Key Ecosystem Characteristics Associated Species 

Meadows and small openings  Greene Milkweed  
 Yellow Lady's-Slipper  
 New Mexico Groundsel  
 Porsild's Starwort  
 Mogollon Clover 
 Nitrocris Fritillary Butterfly 
 Gunnison’s prairie dog 
 Arizona montane vole 

Alpine and tundra  Gooding's Onion 
 Hess's Fleabane 
 Heartleaf Groundsel 
 New Mexico Groundsel 
 Mogollon Death Camas 
 Mogollon Mountain Lousewort 
 Nitrocris Fritillary Butterfly  

Soil features 
(soil type, soil permeability, and soil 
condition) 

 Black Range Woodlandsnail  
 No Common Name (A.c. pertubosa) 
 Whitewater Creek Woodlandsnail 
 No Common Name (A.t. animorum) 
 Black Range Mountainsnail 
 No Common Name (O.m. concentrica) 
 No Common Name (O.m. radiata) 
 Greene Milkweed 
 Yellow Lady's-Slipper 
 Porsild's Starwort 

 

During the data-gathering and risk assessment portions of this assessment, species were also grouped by 
individual zones within the Gila NF (local scale). This grouping is valuable in identifying where particular 
issues may need attention and drive Forest Plan components for some species. It is expected that this may 
also benefit other planning purposes; however, this scale is not as likely to drive ecological need for change 
(Chapter 1: Ecological Integrity and Sustainability). Table 181 displays the at-risk species summarized by 
taxonomic group and associated local scale. 

Table 181. Federally listed, proposed, and potential species of conservation concern summarized 
by taxonomic group and associated local scale on the Gila National Forest 

Local Scale Amphibs Birds Fish Inverts Mammals Plants Reptiles Total 
Apache (AP) 2 3 4 1 2 4 1 17 

Black Range (BR) 2 2 3 15 1 5 0 28 

Little Colorado – San 
Agustin Fringe (LCSAF) 

2 2 5 1 2 3 1 16 

Lower Gila River (LGR) 2 5 4 5 1 4 1 22 

Mogollon Front (MF) 2 3 6 3 1 10 2 27 

Upper Gila River (UGR) 2 3 6 8 1 11 1 32 
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Federally Listed Species and Species of Conservation Concern Status 
All of the federally listed species and potential SCC can be affected by the management activities 
authorized under the current Gila NF plan.  Risk was not assessed for ERUs or other habitat factors on non-
Forest Service lands.  Therefore, it is not possible to state with certainty the overall risk to the species at 
the context scale.  However, for many of these species, habitat provided on the Forest represents the 
majority of habitat available. Changing land use patters, habitat degradation or loss, or simply the lack of 
suitable habitat off of the Forest, places a particular emphasis on the Gila NF to maintain these species. 

Federally Listed Species 

There are 15 federally listed species within the plan area (USDI FWS 2016a) (Table 182). Although federally 
listed species are not to be included as a species of conservation concern (separate list), making a 
determination on the presence or absence of a listed species in the plan area determines whether or not 
that species is to be considered in the planning phase. 

Table 182. Federally listed species relevant to the plan area. 

Common Name Scientific Name Federal Status 

Amphibians and Reptiles 

Chiricahua leopard frog Lithobates chiricahuensis Threatened 

Narrow-headed gartersnake Thamnophis rufipunctatus Threatened 

Northern Mexican gartersnake Thamnophis eques megalops Threatened 

Birds 

Mexican spotted owl Strix occidentalis lucida Threatened 

Southwestern willow flycatcher Empidonax traillii extimus Endangered 

Western yellow-billed cuckoo Coccyzus americanus occidentalis Threatened 

Fishes 

Chihuahua chub Gila nigrescens Threatened 

Gila chub Gila intermedia Endangered 

Gila trout Oncorhynchus gilae Threatened 

Headwater chub Gila nigra Proposed Threatened 

Loach minnow Tiaroga cobitis Endangered  

Roundtail chub Gila robusta Proposed Threatened 
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Common Name Scientific Name Federal Status 

Spikedace Meda fulgida Endangered 

Mammals 

Lesser long-nosed bat Leptonycteris curasoae 
yerbabuenae  Endangered  

Mexican Gray wolf Canis lupus baileyi Experimental, Non-
Essential population 

 
There are five federally endangered species occurring on the Gila NF, Southwestern willow flycatcher, Gila 
chub, Loach minnow, Spikedace, and Lesser long-nosed bat, seven federally threatened species, 
Chiricahua leopard frog, Mexican spotted owl, Yellow-billed cuckoo, Chihuahua chub, Gila trout, Narrow-
headed gartersnake, and Northern Mexican gartersnake, two federally proposed species, Headwater chub 
and Roundtail chub, and one federally listed experimental, non-essential species, Mexican gray wolf.  
There are no candidate species currently present on the Gila NF.   
 
Section 4 of the ESA requires the USFWS to identify and protect all lands, water, and air necessary to 
recover an endangered species; this is known as critical habitat. Critical habitat includes areas that have 
been determined to be needed for life processes for a species including space for individual and 
population growth and for normal behavior; cover or shelter; food, water, air, light, minerals, or other 
nutritional or physiological requirements; sites for breeding and rearing offspring; and habitats that are 
protected from disturbances or are representative of the historical geographical and ecological 
distributions of a species. The Southwestern willow flycatcher, Gila chub, Loach minnow, Spikedace, 
Chiricahua leopard frog, and Mexican spotted owl have designated critical habitat on the Gila NF, the 
Yellow-billed cuckoo, Narrow-headed gartersnake, and Northern Mexican gartersnake have proposed 
critical habitat on the Gila NF.  No other federally listed species has designated or proposed critical habitat 
on the Gila NF.   
 
Section 7 of the Endangered Species Act requires federal agencies to ensure actions they authorize, fund, 
or carry out are not likely to destroy or adversely modify designated critical habitat. Section 7 of the Act 
also requires that any federal agency that carries out, permits, licenses, funds, or otherwise authorizes 
activities that may affect a listed species must consult with the Fish and Wildlife Service to ensure that its 
actions are not likely to jeopardize the continued existence of any listed species. 
 
 

Species Status  
Amphibians and Reptiles 
Chiricahua leopard frog (Lithobates chiricahuensis) is federally listed as threatened with approximately 
2,488 acres of designated critical habitat on the Gila NF. In New Mexico and on the Gila National Forest, 
Chiricahua leopard frogs are thought to be most abundant in the Gila and San Francisco River drainages 
(Degenhardt et al. 1996), but they also occur in Beaver Creek (tributary to the East Fork Gila River), North 
Seco Creek, and in the Mimbres River drainage. Chiricahua leopard frogs prefer habitat with a variety of 
structure and cover, including emergent and submergent vegetation, overhanging banks and organic 
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debris (Degenhardt et al. 1996). Although they can survive drought by burrowing in the mud, they require 
a perennial source of running or standing water in the form of streams, springs, stock tanks, ponds, or 
lakes (USDI FWS 2007a).  Threats include disease particularly chytrid fungus, reduced water sources, 
habitat degradation through unmanaged grazing and recreation or other factors altering hydrologic 
function, and predation from non-native aquatic species (USDI FWS 2007a). 
 
Narrow-headed gartersnake (Thamnophis rufipunctatus) is federally listed as threatened with 
approximately 52,430 acres of proposed critical habitat on the Gila NF.  The New Mexican distribution 
includes the Gila and San Francisco river drainages in Catron, Grant, and Hidalgo counties, at elevations 
of 1,125-2,100 meters (Degenhardt et al. 1996, NMDGF 1997 as cited in NatureServe 2016). This species 
is regarded as one of the most aquatic of all garter snakes (Conant 1963 as cited in NatureServe 2016). It 
often occurs along well-lit sections of rocky streams with abundant riparian vegetation. In New Mexico, 
fed exclusively on fishes (NMDGF 1985 as cited in NatureServe 2016).  Threats include direct predation 
from non-native aquatic species, competition by non-native fish, and loss of riparian habitat through 
unmanaged grazing and recreation.  
   
Northern Mexican gartersnake (Thamnophis eques megalops) is federally listed as threatened with 
approximately 8,717 acres of proposed critical habitat on the Gila NF.  In New Mexico, this snake is known 
from the lower Gila River basin, along Duck and Mule creeks in Grant County and near Virden in Hidalgo 
County (Hubbard and Eley 1985 as cited in NatureServe 2016). It may now be eliminated from Duck Creek 
(NMDGF 1997 as cited in NatureServe 2016). A record from a single locality along Mule Creek is the only 
recent evidence of the presence of this species in New Mexico, but the current status of that population 
is unknown (Center for Biological Diversity 2003 as cited in NatureServe2016). This snake is strongly 
associated with permanent water with vegetation, including stock tanks, ponds, lakes, cienegas, cienega 
streams, and riparian woods (Degenhardt et al. 1996, Manjarrez 1998). The diet includes fishes, 
amphibians, earthworms, leeches, and various other small animals (NatureServe 2016). Threats include 
loss of streams, wetlands, and riparian zones through unmanaged grazing, water diversions, decline of 
native fish, and predation/competition from non-native aquatic species. 
 
Birds 
Mexican spotted owl (Strix occidentalis lucida) is federally listed as threatened with designated critical 
habitat on the Gila NF of which there is approximately 1,122,802 acres. The Mexican spotted owl (MSO) 
inhabits mixed coniferous and pine/oak forests, canyons, desert caves, cliff faces, and riparian areas 
throughout the Southwest.  On the Gila National Forest mixed conifer and pine-oak habitat is considered 
either protected or recovery habitat in the recovery plan for this species.  Protected habitat are Protected 
Activity Centers (PAC’s), and unoccupied mixed conifer and pine-oak is considered recovery habitat (USDI 
FWS 2012). Many timber management activities negatively affected habitat before the MSO was listed as 
threatened in 1995. Timber harvest, prescribed burning, and other management activities are now 
designed following the 2012 Mexican Spotted Owl Recovery Plan along with consultation with the USFWS. 
These management activities can still have disturbance affects to the Mexican spotted owl and its habitat. 
Threats include habitat loss due to silvicultural treatments, uncharacteristic wildfire, and increased human 
activities in proximity to nest/roost territories. 
 
Southwestern willow flycatcher (Empidonax traillii extimus) is federally listed as endangered with 
approximately 1,547 acres of designated critical habitat on the Gila NF.  The species has been documented 
in the Gila and San Francisco River drainages.  Habitat includes riparian and wetland thickets, generally of 
willow, tamarisk, or both, sometimes boxelder or Russian olive (USDI FWS 2013).  On the Gila National 
Forest we have had two sites that have been consistently occupied for over 10 years along the Gila River.  



Chapter 8. At-Risk Species 

 
Gila National Forest Assessment Report – Final  399 

These two areas are in locations known as the Gila Bird Management Area (GBMA) and the Fort West 
ditch site.  In 2008 seven territories were found at the GBMA and four territories at the Forest West ditch 
site (Shook 2009).  In 2007 a new breeding site was discovered on the Forest along the San Francisco River 
(Keller Canyon site).  The Keller Canyon site, located on the reach between Deep Creek and Alma Highway 
180, had three flycatcher territories in 2007, 2008, and 2009.  Threats include loss of riparian habitat from 
floods, unmanaged grazing, uncharacteristic fire, nest parasitism, and unmanaged recreation. 
 
Yellow-billed cuckoo (Coccyzus americanus occidentalis) is federally listed as threatened with 
approximately 1,680 acres of proposed critical habitat on the Gila NF. The western population of the 
yellow-billed cuckoo (Coccyzus americanus occidentalis), an insect-eating bird found in riparian woodland 
habitats, winters in South America and breeds in western North America (USDI FWS 2014).  On the Gila 
NF it is found in the Gila and San Francisco River drainages.  Threats include loss or degradation of riparian 
habitat, agriculture, water diversions, unmanaged grazing, uncharacteristic wildfire, and non-native plant 
invasion, particularly tamarisk (USDI FWS 2014). 
 
Fish 
Chihuahua chub (Gila nigrescens) is federally listed as threatened with no designated critical habitat on 
the Gila NF. Chihuahua chub is native to the Mimbres River drainage in New Mexico and the Guzmán and 
Laguna Bustillos basins in Chihuahua (Smith and Miller 1986). Specimens were first collected in the 
Mimbres River in 1851 (Baird and Girard 1854), but it was not again found in the Mimbres River drainage 
until 1975 when Rogers (1975) found a small, reproducing population in Moreno Spring.  Chihuahua chub 
probably occupied all warmwater reaches in the Mimbres River drainage, but they now are found 
regularly only in Moreno Spring. They irregularly occur in about a 9.3 mile reach of the Mimbres River 
from the confluence of Allie Canyon downstream to the New Mexico Department of Game and Fish 
Mimbres Property south of Mimbres (Propst 1999). Ash-laden flows from wildfires have reduced 
Chihuahua chub abundance in the Mimbres River (Myers pers. comm. 2016).  Threats include changes in 
flow regimes and stream characteristics from uncharacteristic fire in the uplands, unmanaged grazing, 
agricultural, water diversions, and competition/predation by non-native aquatic species. 
 
Gila chub (Gila intermedia) is federally listed as endangered with approximately 764 acres of designated 
critical habitat on the Gila NF.  Gila chub have been recorded in approximately 43 rivers, streams, and 
spring-fed tributaries throughout the Gila River basin in southwestern New Mexico, central and 
southeastern Arizona, and Northern Sonora, Mexico (Miller and Lowe 1967; Minckley 1973; Rinne 1976; 
DeMarais 1986; Bestgen and Propst 1989).  Gila chub commonly inhabit pools in smaller streams, springs, 
and cienegas (a desert wetland), and can survive in small artificial impoundments, such as man-made 
ponds (Miller 1945; Minckley 1973; Rinne 1975). Gila chub are highly secretive, preferring quiet, deeper 
waters, especially pools, or remaining near cover including terrestrial vegetation, boulders, and fallen logs 
(Minckley 1973).  Threats include changes in flow regimes and stream characteristics from 
uncharacteristic fire in the uplands, unmanaged grazing, and competition/predation by non-native fish 
species. 
 
Gila trout (Oncorhynchus gilae) is federally listed as threatened with no designated critical habitat on the 
Gila NF. Historically, Gila trout was native to the Gila River drainage (including the San Francisco) in New 
Mexico and the Verde River drainage in Arizona (Miller 1950; 1972; Minckley 1973; Behnke 1992). Gila 
trout is found in moderate- to high-gradient perennial mountain streams above 1,660 m (5,400 ft) 
elevation. Streams typically flow through narrow, steep-sided canyons and valleys. Abundant invertebrate 
prey, cover, and water free from contaminants are also required. Cover typically consists of undercut 
banks, large woody debris, deep pools, exposed root masses of trees at water’s edge, and overhanging 
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vegetation (USDI FWS 2003). A great deal of time and effort has been invested in Gila trout restoration on 
the Gila NF.  Many streams have been cleaned out using piscicide, while others have been through ash 
flows from wildfire, and Gila trout have been repatriated into those streams.  Threats include changes in 
flow regimes and stream characteristics from uncharacteristic fire in the uplands, unmanaged grazing, and 
competition/predation/hybridization by non-native salmonid species. 
 
Headwater chub (Gila nigra) is federally proposed for listing on the Gila NF.  Headwater chub historically 
occur in a number of tributaries of the Verde River, most of the Tonto Creek drainage, much of the San 
Carlos River drainage, and parts of the upper Gila River in New Mexico (USDI FWS 2015b). It currently 
persists in all forks of the Gila River, but distribution and numbers have decreased.  Habitats in the Gila 
River containing headwater chubs consist of tributary and mainstem habitats at elevations of 1,325 
meters (m) (4,347 feet (ft)) to 2,000 m (6,562 ft) (Bestgen 1985; Bestgen and Propst 1989). Threats include 
changes in flow regimes and stream characteristics from uncharacteristic fire in the uplands, unmanaged 
grazing, and competition/predation by non-native aquatic species. 
 
Loach minnow (Tiaroga cobitis) is federally listed as endangered with approximately 11,673 acres of 
designated critical habitat on the Gila NF. The loach minnow is endemic to the upper Gila River drainage 
of southwestern New Mexico, southeastern and east-central Arizona, and northeastern Sonora (Miller 
and Winn 1951; Koster 1957; Minckley 1973).  The minnow was found throughout the San Francisco and 
Gila rivers in New Mexico, as well as lower elevation reaches of several tributaries (Koster 1957; Propst et 
al. 1988).  Loach minnows are now restricted to the following areas: portions of the Gila River and its 
tributaries, the West, Middle, and East Fork Gila River (Grant, Catron, and Hidalgo counties, New Mexico); 
San Francisco and Tularosa rivers and their tributaries, Negrito and Whitewater creeks (Catron County, 
New Mexico); Blue River and its tributaries, Dry Blue, Campbell Blue, Pace, and Frieborn creeks (Greenlee 
County, Arizona, and Catron County, New Mexico) (NatureServe 2016).  Loach minnows persist mainly in 
streams having relatively natural flow regimes and a predominance of native species (Propst and Bestgen 
1991). Recurrent flooding is important in keeping substrate free of sediments and in helping this species 
maintain a competitive edge over invading non-native fishes (NatureServe 2015). Threats include changes 
in flow regimes and stream characteristics from uncharacteristic fire in the uplands, unmanaged grazing, 
and competition/predation by non-native fish species. 
 
Roundtail chub (Gila robusta) is federally proposed for listing on the Gila NF. The species was historically 
considered common in deep pools and eddies of large streams throughout its range in the Upper and 
Lower Colorado River basins in Wyoming, Utah, Colorado, New Mexico and Arizona. Today the roundtail 
chub occupies about 52 percent of its historical range in the Lower Colorado River Basin and is limited to 
Arizona’s Little Colorado, Bill Williams, Salt, San Carlos and Verde River drainages, Eagle and Aravaipa 
creeks, and New Mexico’s upper Gila River (USDI FWS 2015b). Threats include changes in flow regimes 
and stream characteristics from uncharacteristic fire in the uplands, unmanaged grazing, and 
competition/predation by non-native aquatic species. 
 
Spikedace (Meda fulgida) is federally listed as endangered with approximately 9,968 acres of designated 
critical habitat on the Gila NF.  The spikedace is endemic to the Gila River drainage of southwestern New 
Mexico and southeastern and central Arizona, and perhaps northern-most Sonora (Koster 1957; Minckley 
1973; Miller and Winn 1951). In New Mexico, spikedace was moderately common to abundant in the San 
Francisco River, the mainstem Gila River, and lower reaches of the three forks of the Gila River (Anderson 
1978; Propst and Bestgen 1986).   Spikedace have been extirpated from the San Francisco River (Anderson 
1978; Propst and Bestgen 1986). The spikedace has a discontinuous distribution in the Gila River in New 
Mexico. It is irregularly collected in low numbers in the East Fork Gila River, regularly collected, but in 
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declining numbers, in the West Fork Gila River, and may be extirpated from the Middle Fork Gila River 
(Propst and Bestgen 1986; NMDGF unpublished data as cited by NatureServe 2016. The Cliff-Gila Valley 
as recently as the mid-1980s supported the largest New Mexico population of spikedace (Propst and 
Bestgen 1986), but its abundance there declined considerably in the late 1990s (NMDGF unpublished data 
as cited by NatureServe 2016). Threats include changes in flow regimes and stream characteristics from 
uncharacteristic fire in the uplands, unmanaged grazing, and competition/predation by non-native fish 
species. 
 
Mammals 
Lesser long-nosed bat (Leptonycteris curasoae yerbabuenae) is federally listed as an endangered species 
with no critical habitat on the Gila NF. The lesser long-nosed bat is a nectar, pollen, and fruit-eating bat 
that migrates seasonally from Mexico to southern Arizona and southwestern New Mexico. This bat 
pollinates species of columnar cacti and paniculate agaves and disperses seeds of columnar cacti 
throughout its range (USDI FWS 1995). This species has been found in southern Arizona from the Picacho 
Mountains southwest to the Agua Dulce Mountains and southeast to the Chiricahua Mountains, in far 
southwestern New Mexico in the Animas and Peloncillo Mountains, and south from Arizona and New 
Mexico throughout the drier parts of Mexico, including Baja California (USDI FWS 1995). In 2011, lesser 
long-nosed bats were captured and photodocumented at two separate sites in the Burro Mountains, on 
both sides of the Continental Divide. Both sites were on private land, but one piece was a private inholding 
within National Forest System lands and the other was adjacent to the Forest. However, it is believed that 
the bats are foraging at nearby Palmer’s agaves (primarily on Forest), or at least checking them out for 
nectar (M. Ramsey, pers. comm. 2016). Threats from grazing on food plants, the tequila industry, and 
prescribed fire are likely not as severe as once thought.  Bootleg tequila production often utilizes wild 
agaves and may still be a threat to forage resources, but legitimate tequila producers likely have minimal 
effects on natural forage availability.  Human disturbance of roost sites, urban development, catastrophic 
fire, and changing fire regimes resulting from non-native invasive plants are threats.  Two new threats 
that have been identified include illegal border activities and their enforcement actions, as well as new 
wind farms (USDI FWS 2007b). 
 
Mexican gray wolf (Canis lupus baileyi) is federally listed as an experimental, non-essential population 
on the Gila NF.  Mexican gray wolves are the southernmost occurring (Nowak 1995 and 2003 as cited in 
Mexican Wolf Blue Range Adaptive Management Oversight Committee and Interagency Field Team 2005), 
rarest, and most genetically distinct gray wolf in North America (Garcia-Moreno et al. 1996). Historically 
the Mexican gray wolf primarily inhabited forested, mountainous terrain.  The wolf does not require 
specific vegetation, however it reportedly most often occurred above 4,500 feet elevation in or near pine, 
oak, or piñon-juniper woodlands, interspersed with grassland.  They occurred in the mountainous regions 
of the Southwest from throughout portions of southern Arizona, New Mexico, and Texas into central 
Mexico (NatureServe 2016). Mexican gray wolves were extirpated in the United States by aggressive 
predator control programs. Mexican gray wolves were reintroduced into the Blue Range Wolf Recovery 
Area within the Apache-Sitgreaves National Forests in Arizona in March 1998 (USFWS Mexican Wolf 
Recovery Program web-site https://www.fws.gov/southwest/es/mexicanwolf/BRWRP_home.cfm). In 
March 2000, Mexican gray wolves were translocated into the Gila Wilderness.  At the end of April 2016, 
the wild Mexican wolf population consisted of 53 wolves with functional radio collars dispersed among 
19 packs and two single wolves. The reintroduced wolves are classified as a “nonessential, experimental” 
population. Threats include in-breeding and human harassment.    

https://www.fws.gov/southwest/es/mexicanwolf/BRWRP_home.cfm


Chapter 8. At-Risk Species 

 
Gila National Forest Assessment Report – Final  402 

Species of Conservation Concern 
One hundred four species met the initial criteria for being identified as a species of conservation concern 
on the Gila NF (Table 175), 53 of those species were removed from the list (Table 176; Appendix G) due to 
one of the following conditions: 1) the species was not known to occur on the Forest, or 2) the best 
available scientific information did not indicate substantial concern for the species to persist on the Forest.  
Fifty-one species were identified as potential species of conservation concern on the Gila NF (Table 183). 

Table 183. Potential Species of Conservation Concern (SCCs) relevant to the plan area. 

Common Name Scientific Name NatureServe Rank 

Amphibians 

Arizona toad Anaxyrus microscaphus G4/S2? 

Birds 

Gila Woodpecker Melanerpes uropygialis G5/S2B,S2N 

Lewis’s Woodpecker Melanerpes lewis G4/S3B,S3N 

Fish 

Rio Grande sucker Catostomus plebeius G3G4/S2 

Invertebrates 
"Gila" May Fly Lachlania dencyanna G1/SNR 

A Stonefly Capnia caryi G1/SNR 

Bearded Mountainsnail Oreohelix barbata G1/S1 

Black Range Mountainsnail Oreohelix metcalfei acutidiscus G2/T1/SNR 

Black Range Mountainsnail Oreohelix metcalfei hermosensis G2/T1T2/SNR 

Black Range Woodlandsnail Ashmunella cockerelli cockerelli G1/T1/S1 

Cockerell Holospira Snail Holospira cockerelli G1/S1 

Gila Springsnail Pyrgulopsis gilae G2/S2 

Iron Creek Woodlandsnail Ashmunella mendax G1/S1 

Marsh Slug Snail Deroceras heterura G1G2/SNR 
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Common Name Scientific Name NatureServe Rank 

Mineral Creek Mountainsnail Oreohelix pilsbryi G1/S1 

Morgan Creek Mountainsnail Oreohelix swopei G1/S1 

New Mexico Hot Springsnail Pyrgulopsis thermalis G1/S1 

Nitrocris Fritillary Butterfly Speyeria nokomis nitocris G3/T3/SNR 

No Common Name Snail Ashmunella cockerelli argenticola G1/T1/S1 

No Common Name Snail Ashmunella cockerelli perobtusa G1/T1/S1 

No Common Name Snail Ashmunella tetrodon animorum G3/T3/S3 

No Common Name Snail Ashmunella tetrodon inermis G3/T2/SNR 

No Common Name Snail Ashmunella tetrodon mutator G3/T2/SNR 

No Common Name Snail Oreohelix metcalfei radiata G2/T2/SNR 

No Common Name (Black Range 
mountainsnail) Oreohelix metcalfei concentrica G2/SNR 

Silver Creek Woodlandsnail Ashmunella binneyi G1/S1 

Sonoran Snaggletooth Snail Gastrocopta prototypus G1/SNR 

Stonefly Taenionema jacobii G2/SNR 

Tiger Moth Alexicles aspersa G1G2/SNR 

Western Bumble Bee Bombus occidentalis occidentalis G4/T1T3/SNR 

Whitewater Creek Woodlandsnail Ashmunella danielsi G1/S1 

Plants 

Cliff Brittlebush Apacheria chiricahuensis G2/S2 

Davidson's Cliff Carrot Pteryxia davidsonii G2/S2 

Gooding's Onion Allium gooddingii G4/S1 

Greene Milkweed Asclepias uncialis ssp. uncialis G3G4/T2T3/S2 

Heartleaf Groundsel Packera cardamine (=Senecio 
cardamine) G3/S3 

Hess's Fleabane Erigeron hessii G1/S1 

Metcalfe's Penstemon Penstemon metcalfei G1/S1 

Mimbres Figwort Scrophularia macrantha G2/S2 
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Common Name Scientific Name NatureServe Rank 

Mogollon Clover Trifolium neurophyllum G2/S2 

Mogollon Death Camas Zigadenus mogollonensis G3/S3 

Mogollon Hawkweed Hieracium brevipilum (=H. fendleri 
var. mogollense) G4/T2?/S2? 

Mogollon Mountain Lousewort Pedicularis angustifolia 
 G2/S2 

New Mexico Groundsel Packera quaerens G2/S2 

Pinos Altos Flame Flower Talinum humile G2/S2 

Porsild's Starwort Stellaria porsildii G1/S2 

Wooton's Hawthorn Crataegus wootoniana G2/S2 

Wright's Dogweed Adenophyllum wrightii var. wrightii G1?/S1 

Yellow Lady's-Slipper Cypripedium parviflorum var. 
pubescens G5/T5/S2? 

Mammals 

Arizona Montane Vole     Microtus montanus arizonensis G5/T4/S1 

Gunnison's Prairie Dog (prairie 
population) Cynomys gunnisoni G5/S2 

 
Species of Conservation Concern – Considered on Gila NF 

Fifty-one species were identified as potential species of conservation concern on the Gila NF. The BASI 
indicates substantial concern about each species' capability to persist over the long term in the plan area.  
All species listed met one or more of the initial requirements for SCC.  A number of sources, including 
professionals within Federal and State government were consulted to determine whether the species was 
at-risk on the Gila NF. For all potential SCCs, the ecological conditions for persistence were compared 
against the current and future trend of those conditions on the Forest as well as other key risk factors 
associated with those conditions. Concerns for persistence of the following species on the Gila NF are as 
follows: 
 
Justifications 
 
Amphibians 
Arizona toad (Anaxyrus microscaphus) is well distributed on the Gila NF, occurring within the Gila, San 
Francisco, and Mimbres watersheds in the Gila Region of the Mogollon Rim, with disjunct populations in 
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the Black Range (Ryan et al. 2015). The New Mexico portion of the toads range habitat consists of highly 
variable riverine habitats that occur at higher elevation than populations in Arizona, Nevada, and Utah 
(Ryan et al. 2015). Habitat includes rocky stream courses in the pine-oak zone, or stream courses bordered 
by willows and cottonwoods, irrigation ditches, flooded/irrigated fields, and reservoirs (NatureServe 
2016). They may also utilize piñon/juniper woodlands and ponderosa pine forests, but have demonstrated 
a "strong preference" for associating with lotic systems and appear to be restricted to breeding in slow-
flowing and shallow streams (BISON-M 2016). They appear to require clear water conditions with sand or 
cobble substrates (Ryan et al. 2015). ERUs that may be utilized on the Gila NF include the riparian, 
shrubland, and woodland ERUs, as well as ponderosa pine-evergreen oak, and ponderosa pine forest 
ERUs.  All these ERUs are in low to moderate departure, with the exception of ponderosa pine forest ERU 
that is highly departed. Potential threats to the Arizona Toad in New Mexico include climate change, forest 
fires, hybridization, and the disease chytridiomycosis (Ryan et al. 2015). The disease chytridiomycosis (Bd) 
has been responsible for many enigmatic amphibian population die-offs and declines (Wake & 
Vredenburg 2008), and is responsible for declines in some New Mexico species (Ryan et al 2015). The 
apparent declines we have observed in the Arizona Toad do not necessarily fit the pattern of a Bd 
outbreak, but other factors such as land-use change or climatic factors appear to be driving declines (Ryan 
et al 2015). Additionally, high spring river flow rates can decrease reproductive activity, while drying of 
sites could exclude potential breeding sites. The reduction in available breeding sites may be the driving 
factor in the low number of occupied sites we have found over the last three years (Ryan et al. 2015). 
There was a positive 90-day finding- July 1, 2015, the USFWS found that “based on our review of the 
petition and sources cited in the petition, we find that the petition presents substantial scientific or 
commercial information indicating that the petitioned action may be warranted for the Arizona toad 
(Anaxyrus microscaphus) based on Factor E.” (USDI FWS 2015d). Factor E warrants listing based on other 
natural or man-made factors affecting its continued existence. There was substantial evidence showing 
that genetic integrity/hybridization was the threat that warranted listing.  Ryan et al. (2015) found that 
on the Gila NF specifically, there is no morphological evidence of hybridization between A. microscaphus 
and A. woodhousii throughout the Gila Region, and Grant and Sierra Counties, specifically, where the two 
species co-occur. There have been several large fires on the Gila NF in the past 5 years. The burned uplands 
likely contribute to increased stream flows and flash flooding events through the range of the species. 
This species appears to be highly sensitive to increased flow rates, changing water levels, and drying of 
sites that can decrease reproductive activity. While toads do reproduce in lentic habitats, they are usually 
not successful (Ryan et al 2015). Arizona toad appears to be at risk on the Gila NF because it is sensitive 
to increased flows, particularly flash flooding events, changing water levels, and drying of sites that could 
cause reproductive failure. Long-term local population trends and persistence of the species could be at 
risk if reproductive failure occurs over several consecutive years (Ryan et al. 2015).  Until the uplands 
stabilize from the recent fires, this will continue to be of concern. Additionally, while the short-term 
population trend in the Ryan et al. (2015) study was stable, there has been an approximate 70% decline 
in the number of occupied Arizona Toad localities (Ryan et al 2015).  
 
Birds 
Gila Woodpecker (Melanerpes uropygialis) occurs in low elevation, riparian woodlands.  Found in the 
Burro Mountains along the Gila River near Patterson and Pancho Canyons. In New Mexico the species is 
confined to lower elevation woodlands, especially those dominated by mature cottonwoods and/or 
sycamores, along stream courses (Hubbard 1987 as cited in NatureServe 2016, NMDGF 1997 as cited in 
BISON-M 2016). These habitat types are characterized within the Cottonwood Group of ERUs as described 
in Chapter 7: Riparian and are distributed across all local units.  These ERUs are moderately departed from 
reference conditions and approximately 66% of these ERUs contain ecological conditions necessary for 
persistence of the species. Riparian ERUs were not modelled using VDDT, but TEUI documentation 
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suggests these ERUs have a stable trend.  Diversions or other flood control practices can alter habitat 
through changes in the flood disturbance regimes and altered hydrographs necessary for establishment 
of certain riparian species.  Competition with other cavity nesters (NatureServe 2016), particularly 
European starling, that compete aggressively for excavated cavities and may limit productivity (Kerpez 
and Smith 1990). The Gila woodpecker are only known from the Gila River Birding Area, and all Breeding 
Bird Survey regions, except one (Sierra Madre Occidental), show the population is declining (Sauer et al. 
2014). Gila woodpecker appears to be at-risk on the Gila NF because the habitat it inhabits is uncommon, 
habitat is moderately departed from reference conditions, they only appear to inhabit a portion of the 
available habitat on the Forest, and there is a high uncertainty of the species occurrence on the rest of 
the Forest. 
 
Lewis’s Woodpecker (Melanerpes lewis) occurs in low, riparian woodlands, and in ponderosa pine forests 
with large trees and open canopy (NMPIF 2007).  The species is distributed across the western two-thirds 
of the Gila NF based on e-Bird (2016) locations. It may use existing holes or natural cavities, or excavate 
holes in trees that are in an advanced stage of decay. Typically, larger-than-average trees are chosen for 
nesting (NMPIF 2007). In the lowlands, this species uses habitat types that are characterized within the 
Cottonwood Group of ERUs as described in Chapter 7: Riparian and are distributed across all local units.   
These ERUs are moderately departed from reference conditions and approximately 66% of these ERUs 
contain ecological conditions necessary for persistence of the species. Riparian ERUs were not modelled 
using VDDT, but TEUI documentation suggests these ERUs have a stable trend.  Diversions or other flood 
control practices can alter habitat through changes in the flood disturbance regimes and altered 
hydrographs necessary for establishment of certain riparian species.  In Idaho, Saab and Vierling (2001) 
suggest that cottonwood habitat may be a population sink due to proximity to agricultural lands and 
increased predation. In the uplands, this species occupies PPE, PPF, and likely MCD ERUs.  These ERUs are 
moderately to highly departed on the Gila NF. These ERUs tend to be overstocked with smaller diameter 
trees, lacking large diameter trees, which in turn leads to a lack of large diameter snags that this species 
requires. This has likely caused a reduction in suitable habitat that will likely persist for some time 
regardless of restoration efforts, as it takes time to grow large trees. There is a long-term population 
decline for this species and the Breeding Bird Survey routes on the Gila NF also show declining trends 
(Sauer 2014). Lewis’s woodpecker appears to be at-risk on the Gila NF because of their declining 
population trends, the riparian habitat it uses has been found to be a sink for populations in one study, 
and the upland ponderosa pine habitat it uses is highly departed and lacks large diameter snags.   
 
Fish 
Rio Grande Sucker (Catostomus plebeius) habitat includes rocky pools, runs, and riffles of small to 
medium rivers (Lee et al. 1980, Page and Burr 2011), usually over gravel and/or cobble, but also in 
backwaters and pools below riffles. This species is rarely found in waters with heavy silt and organic 
detritus (Sublette et al. 1990).  Rio Grande sucker is found in the Mimbres, Gila, and San Francisco River 
drainages, as well as in Rio Grande drainages east of the Continental Divide on the Black Range. It should 
be noted that this fish is not native to the San Francisco River drainage and may have been introduced 
into the Gila River drainage, although it is uncertain (Sublette et al. 1990). A risk rating was developed for 
several different characteristics on the Forest and is detailed in Chapter 6: Water, including watershed 
condition, perennial streams, and streamflow.  The two watersheds where Rio Grande sucker is present 
are both determined to be likely high risk for both perennial streams and streamflow, and potential high 
risk for watershed condition.  Of the 10 sub-watersheds on the Gila NF that the Rio Grande sucker is known 
to be native and occurs or was historically present, they are only currently present in five.  Four of those 
are moderately to highly departed in terms of fish assemblages, while one has low departure. Threats 
include habitat alteration from water management and flow modifications such as channelization, 
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diversions, fire effects etc., as well as non-native predators and competitors. This is particularly evident in 
the Mimbres River drainage as there is a large amount of private lands that are allocated water for 
irrigation, and the 2013 Silver Fire burned in the uplands that may be affecting water flow, ash, etc. The 
amount of non-native competitors and predators is very high in the Mimbres River drainages that are 
likely contributing to population declines.  Trend is stable in the Rio Grande and Mimbres River drainages 
(Sublette et al. 1990, NatureServe 2016, IUCN 2016).  Overall short-term trend (<10 years) is relatively 
stable to decline of <30%, while long-term trend shows a decline of 10-50% (NatureServe 2016). This 
species should be considered at-risk on the Gila NF because of the small number of sub-watersheds in 
which it currently occurs, population declines, non-native species, and watershed conditions after recent 
wildfires that can affect perennial streams and streamflow. 
 
Invertebrates 
"Gila" May Fly (Lachlania dencyanna) was found in a high gradient, warm, medium river.  It has only been 
found at junction of East Fork and mainstem Gila River clinging to woody debris.  The area it was located 
was characterized as a warm, unshaded, turbid, and rapid stream.  Specific threats are generally unknown, 
but likely anything that would affect other macroinvertebrates such as diversions or other de-watering of 
streams, reducing dissolved oxygen, pollution, or increased sediments could be considered threats. 
Distribution appears to be limited to the Gila River drainage in New Mexico and is the only endemic mayfly 
in New Mexico (McCafferty et al. 1997). Authors made no notes on abundance or trend, but felt that the 
Gila River drainage may be a refugium for this as well as other southwest species (McCafferty et al. 1997).  
This species should be considered at-risk on the Gila NF because of its restricted distribution, the proposed 
Gila River Diversion Project, large wildfires in the uplands, and it is identified as globally “critically 
imperiled” (G1) in NatureServe.   
 
A Stonefly (Capnia caryi) was found in Iron Creek on the Gila NF in a clear, cool stream with scattered 
boulders and a mixture of cobble with gravels, and low (<3%) gradient.  The species is only known from 2 
tiny creeks; one in AZ (Mamie Creek at Escudilla Mtn.) and the other in NM (Upper Iron Creek, Catron Co). 
This species was only discovered in NM in February 1999 with another specimen found in March 2001 in 
AZ, and recently described as a new species by Bauman and Jacobi (2002).  Specific threats are not known, 
but likely anything that may affect other macroinvertebrates such as diversions or de-watering of streams, 
reducing dissolved oxygen, pollution, or increasing sediments could be considered threats.  On the Gila 
NF it appears to be limited in its distribution to Upper Iron Creek, which is a small tributary of the Middle 
Fork Gila River.  The authors only found and described <15 specimens, so it is likely not very abundant 
where it does occur.  This species should be considered at-risk on the Gila NF because of its restricted 
distribution, large wildfires in the uplands, and it is identified as globally “critically imperiled” (G1) in 
NatureServe.   
 
Stonefly (Taenionema jacobii) occurs in Gila River watershed where it was examined from larvae 
collected in Cherry Creek (Stewart 2009). The species has been found in the Gila River watershed into 
Arizona as well (NatureServe 2016). Specific threats are not known, but likely anything that may affect 
other macroinvertebrates such as diversions or de-watering of streams, reducing dissolved oxygen, 
pollution, or increasing sediments could be considered threats.  In New Mexico, the species is known from 
<10 occurrences (NatureServe 2016), so it is likely not very abundant, and there is no trend data available 
for this species.   This species should be considered at-risk on the Gila NF because of its restricted 
distribution, large wildfires in the uplands, and it is identified as globally “imperiled” (G2) in NatureServe. 
 
Silver Creek Woodlandsnail (Ashmunella binneyi) occurs in the upper ends of Silver, Bull Top, and Spring 
Canyons in Black Range between 8,000-8,500 feet elevation.  It has a limited distribution of approximately 
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2 miles north to south and occurs in ponderosa pine and Douglas-fir at the heads of these canyons. The 
Ponderosa Pine Forest (PPF) and Mixed Conifer with frequent fire (MCD) ERUs are highly departed across 
the Gila NF (Chapter 2: Upland Vegetation), and often burn in a way that is not within its historic range of 
variability.  The 2013 Silver Fire burned with high intensity through all the canyons in which this species 
was known.  Little is known about habitat needs other than it occurs in rocks at the upper ends of the 
canyons mentioned above.  The effects of fire to the species are not known, but they do occur within fire 
adapted ecosystems and likely evolved in the presence of fire.  The high departure of these systems may 
not have exposed them historically to effects of higher severity fire. Threats may include uncharacteristic 
wildfire or any ground disturbing activities such as mining or road construction and/or maintenance; 
however, the terrain where this species occurs is very rugged and mostly inaccessible, so mining and road 
construction are not likely to occur.  Metcalfe and Smartt (1997) only mention this species as being less 
abundant than A. mendax which has a broader distribution and is described as being “quite abundant”. 
Trend appeared to be relatively stable prior to the fire as the species was found in the mid-1990s in the 
same areas it was originally described at the turn of the 20th century. This species should be considered 
at-risk on the Gila NF because of its restricted distribution, the 2013 Silver Fire burned all known locations 
of this species, and it is identified as globally and taxonomically “critically imperiled” (G1/T1) in 
NatureServe. 
 
No Common Name (Ashmunella cockerelli argenticola) and Morgan Creek Mountainsnail (Oreohelix 
swopei) A. c. argenticola has been found in flourishing colonies along Forest Road 523 where it crosses 
Silver Creek Canyon and further north where it crosses Rustlers Canyon (a tributary or Silver Creek 
Canyon).  It is found in the higher elevations where habitat is more mesic on rocks in deciduous leaf litter 
near creeks (Metcalf and Smartt 1997).  O. swopei is found in canyons of northern Black Range, Turkey 
Run, head of Morgan Cr., Diamond Cr., and Black Canyon, both eastern and western slopes.  These 
canyons are all mesic canyons with flowing water and riparian leaf litter amongst rock.  Threats for both 
species include uncharacteristic wildfire, flooding, and any disturbances that may impact canyon bottoms 
and leaf litter covering rocks.  The 2013 Silver Fire burned through all the canyons A. c. argenticola was 
known, as well as the uplands that feed Silver Creek and Rustlers Canyons. This will likely increase the 
intensity of water flow events throughout these canyons.  Abundance for A. c. argenticola is described by 
Metcalfe and Smartt (1997) as being found in “flourishing colonies” in both Silver Creek and Rustlers 
Canyons. O. swopei was described as “not abundant nor easy to find” by Metcalfe and Smartt (1997). 
Trend for these species appeared to be relatively stable prior to the fire as these species were found in 
the mid-1990s in the same areas they were originally described at the turn of the 20th century. These 
species should be considered at-risk on the Gila NF because of their restricted distribution, the 2013 Silver 
Fire burned all known locations of A. c. argenticola, and they are identified as globally “critically imperiled” 
(G1) in NatureServe. 
 
Black Range Woodlandsnail (Ashmunella cockerelli cockerelli), No Common Name (Ashmunella 
cockerelli perobtusa), Cockerell Holospira Snail (Holospira cockerelli), Black Range Mountainsnail 
(Oreohelix metcalfei acutidiscus), No Common Name (Black Range mountainsnail), (Oreohelix metcalfei 
concentrica), Black Range Mountainsnail (Oreohelix metcalfei hermosensis), No Common Name 
(Oreohelix metcalfei radiata), and Mineral Creek Mountainsnail (Oreohelix pilsbryi) are all species that 
occur on the Black Range and whose habitat is described as talus of igneous rock, limestone talus or other 
calcareous rock, or limestone bedrock or outcrops. Also, all these species occur within the same range of 
woodland ERUs that are all moderately departed in the Black Range local area (Chapter 2: Upland 
Vegetation). These ERUs tend to have longer fire return intervals than ponderosa pine or mixed conifer 
with frequent fire and tend to have fires burn that are of mixed-severity. The effects of fire to the species 
are not known, but they do occur within fire adapted ecosystems and likely evolved in the presence of 
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fire.  The 2013 Silver Fire burned through the known locations for all these species except H. cockerelli, O. 
m. hermosensis, and O. pilsbryi, although many of the areas within these woodlands burned with a low to 
mixed-severity.  Additional threats may include any ground disturbing activities that would affect any of 
the rock formations mentioned above. The terrain where these species occur is very rugged and mostly 
inaccessible, so mining and road construction are not likely to occur.   Distribution of these species is quite 
limited, often only known from one canyon, although some are described as being quite abundant where 
they do occur Trend for these species appeared to be relatively stable prior to the fire as they were found 
in the mid-1990s where they were originally described at the turn of the 20th century. These species 
should be considered at-risk on the Gila NF because of their restricted distribution, the 2013 Silver Fire 
burned all known locations of many of these species increasing the risk for severe flooding, and they are 
identified as globally or taxonomically “critically imperiled” (G1/T1) or globally or taxonomically 
“imperiled” (G2/T2) in NatureServe. 
 
Whitewater Creek Woodlandsnail (Ashmunella danielsi), No Common Name (Ashmunella tetrodon 
inermis), No Common Name (Ashmunella tetrodon mutator), No Common Name (Ashmunella tetrodon 
animorum), Sonoran Snaggletooth Snail (Gastrocopta prototypus), and Bearded Mountainsnail 
(Oreohelix barbata) are all species that occur in canyon bottoms in riparian areas near creeks or springs 
in the Mogollon Mountains and the Black Range.  Habitat for these species consists of igneous rock in 
talus on moist northern slopes, moss covered in places, and damp leaf litter in interstices, or deep canyons 
with riparian areas where deciduous trees produce an abundant leaf litter where snails occur under and 
around stones and logs.  They occur from Dry Creek Canyon in the southwest Mogollon Mountains to 
Whitewater Creek Canyon and Willow Creek Canyon.  G. prototypus is also found in the West Fork Gila 
River and fossils have been found in Trujillo Canyon in the Black Range and off Forest Service lands.  Likely 
this species occurs in other ranges in Southwest New Mexico (Metcalf and Smartt 1997). A. t. animorum 
was only found at Holden Spring in the Black Range.  All of the A. tetrodon subspecies need further study 
to determine if they are truly subspecies or all individual species (Metcalfe and Smartt 1997). The 2012 
Whitewater Baldy and 2013 Silver Fires burned known locations or the uplands that drain into the creeks 
where these species occur on the Gila NF.  This will likely increase the intensity of water flow events 
throughout these canyons and dry out the areas some species were found. Additional threats to these 
species may include flooding, or any other activities that could impact stream courses.  No mention of 
these species abundance is mentioned, but their distribution is limited to only a few known canyons.  
Trend for these species appeared to be relatively stable prior to the fires as they were found in the mid-
1990s where they were originally described at the turn of the 20th century. These species should be 
considered at-risk on the Gila NF because of their restricted distribution, the 2012 Whitewater Baldy and 
2013 Silver Fires burned known locations and much of the uplands of many of these species increasing 
the risk of severe flooding, and they are identified as globally or taxonomically “critically imperiled” 
(G1/T1) or globally or taxonomically “imperiled” (G2/T2) in NatureServe. 
 
Iron Creek Woodlandsnail (Ashmunella mendax) occurs in wooded canyons at lower elevations but it is 
more widespread in wooded zones of higher elevations in the Black Range.  It has been found from the 
town of Kingston on the east side of the Black Range crest, all the way to Gallinas Canyon on the west side 
of the crest.  It is abundant where found and wide ranging in elevation from 5,500-9,000 feet (Metcalfe 
and Smartt 1997).  It occurs from piñon-juniper woodlands all the way up to moist mixed conifer forests.  
Woodland, mixed conifer with frequent fire forest, and mixed conifer with aspen forest ERUs are 
moderately departed (Chapter 2: Upland Vegetation) in the Black Range local area, but the ponderosa 
pine forest ERU is highly departed and likely to experience a higher fire severity than historically occurred. 
The upper elevations where this species occurs was burned in the 2013 Silver Fire.  Effects from fire are 
unknown for this species, but the ponderosa pine forest ERU it occurs in likely experienced severe fire 
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effects.  Additional threats may include, increased effects due to flooding from the burned vegetation in 
the uplands, timber harvest, or other activities that would affect wooded canyons. Harvest activities are 
unlikely because of the steep, inaccessible terrain along the Black Range crest. Trend for this species 
appeared to be relatively stable prior to the fire as was found in the mid-1990s where it was originally 
described at the turn of the 20th century. This species should be considered at-risk on the Gila NF because 
of its restricted distribution, the 2013 Silver Fire burned approximately half of this species fairly restricted 
range, and it is identified as globally and taxonomically “critically imperiled” (G1/T1) in NatureServe. 
 
Marsh Slug Snail (Deroceras heterura) is endemic to Willow Creek in the Mogollon Mtns. and from 
Sawyers Peak north to Morgan Creek (>20 miles as crow flies) Black Range, but appears to be widespread, 
and it occurs above 8,000 feet elevation.  It occurs from ponderosa pine to moist mixed conifer forests 
(Metcalfe and Smartt 1997). Ponderosa pine forest ERU is highly departed on the Gila NF, while the mixed 
conifer with frequent fire and mixed conifer with aspen ERUs are moderately departed (Chapter 2: Upland 
Vegetation). Much, if not all of the areas this species has been described as occupying has burned, either 
in the 2012 Whitewater-Baldy or 2013 Silver Fires.  It appears this species requires more mesic habitats 
that may experience a drying trend because of the large fires. Additional threats may include timber 
harvest, road construction, or any other ground disturbing activities in these vegetation types.  Much of 
the area this species occurs is wilderness area and/or very rugged terrain, thereby eliminating most 
threats to the species. No information was found about this species abundance or trend, and no efforts 
have been made to re-locate the species since originally being described by Pilsbry in the mid-1940s 
(Metcalfe and Smartt 1997).  This species should be considered at-risk on the Gila NF because of its 
restricted distribution, the 2012 Whitewater Baldy and 2013 Silver Fire burned most, if not all, of this 
species fairly restricted range, it is identified as globally and taxonomically “critically imperiled” (G1/T1) 
in NatureServe, and there is a high uncertainty of the species occurrence on the rest of the Forest. 
 
Gila Springsnail (Pyrgulopsis gilae) occurs in cool to warm springs in rhyolite fissures adjacent to the Gila 
River.  The species is common within cool water springs within its range.  There are 1,807 known seeps 
and springs on the plan area, with 51% of those occurring on Forest Service lands (Chapter 6: Water).  It 
is possible this species occurs in locations that are not on Forest Service lands that have had no survey. It 
is known from the East Fork, Middle Fork, and Mainstem Gila River, as well as tributaries forming the East 
Fork (Beaver, Taylor, Whitetail, and Whitewater Creeks). Gila springsnail is relatively well distributed in 
the Gila River Drainage.  USFWS determined listing of the species was not warranted after additional 
survey attempts yielded several additional locations of the species.  Threats include habitat modification 
from water diversion, drying of springs/creeks, livestock trampling, and wetland habitat loss (NatureServe 
2016, BISON-M 2016).  The areas the Gila springsnail occupies already offer protections because other 
listed species occur in the same locations that also benefit this species. The short-term trend of this 
species is relatively stable (<10% change) (NatureServe 2016), and current management already offers 
some protections that would benefit this species. Long-term trend for this species is unknown 
(NatureServe 2016). This species should be considered at-risk on the Gila NF because it is identified as 
globally “imperiled” (G2) in NatureServe. 
 
New Mexico Hot Springsnail (Pyrgulopsis thermalis) this species inhabits thermal waters (91-100 degrees 
F) issuing from multiple sources along a vertical cliff feature along the Gila River.  Principal outflows are 
generally too hot for the snail, so they occur in cooler portions of the outflows.  While seeps and springs 
have been mapped and assessed in the Chapter 6: Water, it does not separate springs by warm or cold 
springs. Species occurs along a 3 mi stretch of the lower East Fork Gila River and another population 1.5 
mi below the confluence of the East and West Forks Gila River (NatureServe 2016). Threats include habitat 
degradation from recreational bathing and water pollution/contaminants. The species only occurs within 
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wilderness areas which may afford it some protections. It is only known from 2 sites and threats are 
potentially affecting both.  One from recreational bathing and unauthorized digging/diverting water, and 
the other from water diversions on private land.  The short-term trend is relatively stable (<10% change), 
while the long-term trend is unknown (NatureServe 2016). This species should be considered at-risk on 
the Gila NF because both known populations are potentially being impacted by human disturbance, and 
it is identified as globally “imperiled” (G1) in NatureServe. 
 
Nitrocris Fritillary Butterfly (Speyeria nokomis nitocris) is limited to moist, montane meadows and occurs 
in alpine meadows on the Gila NF (Zimmerman 2001).  The historic population known from the confluence 
of Little Creek and the Gila River was surveyed for and not found in 2000.  Willow Creek campground is 
the only known extant population on the Gila NF, and it appears to hold fewer numbers than in years past 
(Zimmerman 2001). Threats may include Willow Creek campground development, collection, overgrazing, 
or any disturbance that reduces or eliminates Viola nephrophylla (Zimmerman 2001). Much of the spruce-
fir forest ERU this butterfly occupies has been burned by wildfire in the last 5 years, is very departed, and 
it is modelled to worsen in the future. This ERU historically experienced high-severity, stand replacement 
fire; however, not likely at the scale it has seen in recent years (Chapter 2: Upland Vegetation). This species 
should be considered at-risk on the Gila NF because there is only one extant site, numbers appear to be 
declining, and it is located in a high recreational use area. 
 
Tiger Moth (Alexicles aspersa) - Alexicles is known from extreme NE Arizona and NW New Mexico. Details 
of its distribution in New Mexico is not recorded. Its life history and habitat requirements are not known. 
Alexicles aspersa was probably added to the NM list because of its limited distribution in New Mexico in 
habitats that are generally inaccessible because the lands are in Tribal Reservations (Metzler 2014). Two 
historical sightings are documented in southwestern New Mexico, one in Grant Co. and one in Sierra Co., 
but no specific locations were given (BugGuide 2016), so it is unknown if locations were on the Gila NF. 
This species life history and ecology are unknown, but it has been raised on dandelion and lettuce leaves 
in captivity (NatureServe 2016).  Because nothing is known of A. aspersa’s life history or habitat 
requirements, it is not possible to identify any specific threats (Metzler 2014). This species should be 
considered at-risk on the Gila NF because it is identified as globally “imperiled” (G2) in NatureServe. 
 
Western Bumble Bee (Bombus occidentalis occidentalis) has been collected on the Gila NF along the 
Bursum Road in 1961. The habitat for this species is described as open grassy areas, urban parks and 
gardens, chaparral and shrub areas, and mountain meadows (Williams et al. 2014). Bumble bees, including 
B. occidentalis, are generalist foragers and have been reported visiting a wide variety of flowering plants 
(Hatfield et al. 2015). Rangewide, example food plants of Bombus occidentalis include Ceanothus, 
Centaurea, Chrysothamnus, Cirsium, Geranium, Grindellia, Lupinus, Melilotus, Monardella, Rubus, 
Solidago, and Trifolium (Williams et al. 2014). Prior to 1998, the western bumble bee was both common 
and widespread throughout the western United States and western Canada. The U.S. states included in 
the former range of this species are: northern California, Oregon, Washington, Alaska, Idaho, Montana, 
western Nebraska, western North Dakota, western South Dakota, Wyoming, Utah, Colorado, northern 
Arizona, and New Mexico. Since 1998, this bumble bee has undergone a drastic decline throughout some 
areas of its former range. While viable populations still exist in Alaska and east of the Cascades in the 
Canadian and U.S. Rocky Mountains, the once common populations of central California, Oregon, 
Washington and southern British Columbia have largely disappeared (Xerces Society 2016). The Gila NF 
appears to be the southern periphery of the bumble bees range.  There has been a positive 90-day finding 
by the USFWS that listing of this species may be warranted (USDI FWS 2016b). This species should be 
considered at-risk on the Gila NF because it is identified as taxonomically “imperiled” (T2) in NatureServe.  
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Plants 
Wright's Dogweed (Adenophyllum wrightii var. wrightii) occurs in piñon/juniper woodland, in sandy or 
silty soils in swales or drainages.  The piñon-juniper woodland and piñon-juniper grassland ERUs have a 
low to moderate departure across the Gila NF (Chapter 2: Upland Vegetation).  On the Gila NF it is found 
from near the town of Fierro at the south end of the Forest, north and east to HWY 59, north of the town 
of Winston. Threats to this species are not well known, but may include unmanaged grazing and possibly 
spraying for unwanted weeds.  In some areas of Mexico, it grows in abundance and it is treated as a weed 
(NMRPTC 1999).  The species appears to be fairly well distributed on the Gila NF and it occurs within ERUs 
that have low to moderate departure.  Populations in New Mexico were reported as “healthy and 
reproducing normally” (NMRPTC 1999). Range was expanded during the abnormally wet summer of 2006 
when numerous populations of the plant were discovered. Additional surveys during wet summers may 
further extend this species range into other mountain ranges in New Mexico (NMRPTC 1999).  The 
NMRPTC (1999) now considers this species common within its range in New Mexico.  Because of the 
increase in the number of populations of this species, the trend is thought to be increasing.  This species 
should be considered at-risk on the Gila NF because it is identified as globally “critically imperiled” (G1?) 
in NatureServe. 
 
Gooding's Onion (Allium gooddingii) occurs in spruce-fir forest, mixed conifer with aspen from 6,500-
9,400 ft. Mixed conifer with aspen and spruce-fir forest ERUs are moderately to highly departed on the 
Gila NF, and spruce-fir forest is modelled to get worse into the future (Chapter 2: Upland Vegetation).  This 
is likely because the majority of this ERU burned in the last 5 years with high severity. While the spruce-
fir ERU historically burned on a 150-400 year cycle with mixed severity to stand replacement fire, the 
mean patch size of the disturbances was historically 200-1,000 acres (Chapter 2: Upland Vegetation).  A 
total of 28 out of 30 known occupied sites have been burned by wildfires since 2006, with 21 of them 30 
burning during the Whitewater Baldy fire in 2012 (Roth 2016). Surveys post-fire found the species was 
present even in areas that burned with high severity. Surveys by Roth (2016) show that the plant is able 
to survive direct effects of fire, but likely will not persist in post-fire environment as evidenced by 
disappearance of a known population consisting of thousands of plants within the 2006 Bear Fire.  This 
species is adapted to growing under the canopy of mixed conifer forests (Roth 2016), therefore it is likely 
that it persisted historically even though the ERUs it occurs in burn typically with severe conditions.  The 
extent of fires that burned historically were not likely as broad as the most recent fires, which could impact 
persistence with fewer sites that are considered suitable. This species occurs from Freiborn Canyon, north 
of Eagle Peak in Long Canyon, south to Willow Creek Campground. Additional threats include impacts 
from flooding in the post-fire erosion events (Roth 2016), collection, grazing, logging, but it has been 
known to return following disturbance (NatureServe 2016). Results from Roth (2016) surveys show that 
abundance may have decreased, and the trend appears to be declining.  This species should be considered 
at-risk on the Gila NF because approximately 93% of existing sites have burned within the last 10 years, 
ERUs this species occurs in are moderately and highly departed and not modelled to improve in the future, 
and both abundance and trend appear to be declining on the Gila NF. 
 
Cliff Brittlebush (Apacheria chiricahuensis) occurs in areas containing bare rock/talus/scree/cliff, such as 
limestone or rhyolitic rock outcrops in Rocky Mountain montane conifer forests between 5,500-7,000 feet 
elevation (NMRPTC 1999).  On the Gila NF it is found in Running Water Canyon, a tributary to Diamond 
Creek, in the Aldo Leopold Wilderness area. Mineral exploration and development are identified threats 
that could possibly impact some populations. However, on the Gila NF the cliff habitat in which the species 
occurs effectively removes threats to this species as it occurs in a wilderness area where mining is 
withdrawn. Although it has only been found in one canyon on the Gila NF, it is likely undersurveyed as the 
areas it inhabits are very inaccessible. The geologic formations necessary for the species are likely in low 
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departure from reference conditions. No information on abundance has been noted on the Gila NF 
specifically, but it is reported to be common and abundant in suitable habitat in the San Mateo and Animas 
Mountains (NMRPTC 1999) which the Gila NF falls right in between both. Trend is not described for the 
species either, but given the habitat in which it occurs, it is likely stable. This species should be considered 
at-risk on the Gila NF because it is only known from one canyon on the Gila NF, and it is identified as 
globally “imperiled” (G2) in NatureServe.   
 
Greene Milkweed (Asclepias uncialis ssp. uncialis) occurs in grasslands, on sandy to rocky soils and within 
an elevational range of 5,000-7,000 ft.  On the Gila NF it has only been found in one location approximately 
1/4 mile from NM/AZ border (6 plants).  The location where this population is mapped puts the species 
within the Colorado Plateau/Great Basin grassland ERU, but it may potentially occur within the juniper 
grassland ERU where they intergrade.  The Colorado Plateau/Great Basin grassland ERU is highly departed, 
while the juniper grassland ERU is in low to moderate departure across the Gila NF, and they are not 
modelled to improve in the future (Chapter 2: Upland Vegetation). Identified threats to the species include 
residential development (particularly in Arizona), agriculture, and livestock operations. The trend over the 
last 100 years is not well known, but it is likely declining (NatureServe 2016). This species should be 
considered at-risk on the Gila NF because it is only known from one population of 6 plants on the Gila NF, 
it occurs within an ERU that is highly departed and not modelled to improve into the future, and it is 
identified as taxonomically “imperiled” (T2) in NatureServe.   
 
Wooton's Hawthorn (Crataegus wootoniana) occurs in riparian habitat in montane conifer forest at an 
elevational range of 6,500-8,000 ft.  Riparian ERUs are in low to moderate departure on the Gila NF 
(Chapter 7: Riparian). The species is distributed from the head of Little Creek off of the West Fork Gila 
River, south to Silver City.  This species has been infrequently described on the Gila NF historically, with 
no documentation on abundance (NatureServe 2016). It is likely this species is not very abundant on the 
Gila NF because of this.  Identified threats may include drought, climate change, timber harvest activities, 
possibly riparian disturbances, and wildfire effects. Because this species has been described infrequently 
with little work being done on it, little is known about the abundance and trend of the species. This species 
has not been specifically surveyed for, but it has been documented on the Forest and continuously 
documented in certain areas so the trend may be stable.  This species should be considered at-risk on the 
Gila NF because it is identified as globally “imperiled” (G2) in NatureServe. 
 
Yellow Lady's-Slipper (Cypripedium parviflorum var. pubescens) occurs in mesic meadows in ponderosa 
pine and mixed conifer forests, and wet areas along streams. Much of the ERUs (Ponderosa Pine Forest, 
Mixed Conifer with Frequent Fire, and Mixed Conifer with Aspen) this plant occurs in, including both 
known populations, have been burned in the last 5 years, and these ERUs are very departed and modelled 
to worsen in the future (Chapter 2: Upland Vegetation).  The species also appears to prefer growing in 
acidic soils. The species has only been documented at 2 sites on the Gila NF (Little Creek Box, and Little 
Turkey Creek) in 1978 and 1966, respectively, but no collections or surveyors named (Natural Heritage 
NM 2015).  The Gila NF appears to be on the very periphery of the species range.  Both known locations 
likely burned in the Dry Lakes Fire in 2003, and the Miller Fire in 2011, but the severity of the fires in the 
occupied sites is not known.  No known attempts have been made to relocate the historic plant locations, 
so abundance and trend of the species on the Gila NF is not known. Identified threats include plant 
collection and habitat loss/degradation (NMRPTC 1999). There has been a range-wide decline of the 
species of 10-30% (NatureServe 2016). This species should be considered at-risk on the Gila NF because 
the ERUs in which it occurs are moderately to highly departed, the species is only known from two sites 
that are isolated from any other known plants, and the two known sites have both burned in wildfires. 
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Hess's Fleabane (Erigeron hessii) occurs in mixed conifer or sub-alpine forest at an elevational range of 
9,500-10,200 feet. This species is a very narrow endemic with three sites documented near Whitewater 
Baldy. The species occurs exclusively and is dependent upon exposed rock or rocky outcrops (NMRPTC 
1999). All three sites of this species occurred within the 2012 Whitewater-Baldy Fire perimeter, but it is 
not likely impacted or possibly even positively impacted by the fire.  Also, it is experiencing few, if any, 
alterations to its habitat from direct impacts of the fire or post-fire impacts (Roth 2016). Exposed rock and 
cliff habitat where this species grows has not been altered and is likely in low departure from reference 
conditions.  The fact that the species occurs in wilderness areas, offers protections from most threats to 
the species. One site had approximately 100 plants in full to late flowering stage on a rock outcrop during 
a 2013 survey of the known sites (Roth 2016). No surveys or studies have been conducted on this species, 
so trend is unknown but likely stable as they occur and persist in the known historic locations. This species 
is expected to persist into the future (Roth 2016).  This species should be considered at-risk on the Gila 
NF because it is identified as globally “critically imperiled” (G1) in NatureServe. 
 
Mogollon Hawkweed (Hieracium brevipilum (=H. fendleri var. mogollense)) occurs in ponderosa pine to 
mixed conifer forests from 8,200-10,500 feet elevation (NMRPTC 1999).  Much of the ERUs (Ponderosa 
Pine Forest, Mixed Conifer with Frequent Fire, and Mixed Conifer with Aspen) this plant occurs in are 
moderately to highly departed and modelled to worsen in the future (Chapter 2: Upland Vegetation). This 
species is found from near Mogollon Baldy, north to Willow Creek. More work needed to determine 
effects from logging, as well as determining abundance and habitat requirements, but the species appears 
to respond positively to disturbance from fires. This species occurs within the 2012 Whitewater-Baldy Fire 
perimeter and it is not likely impacted or possibly even positively impacted by the fire, and it is 
experiencing few, if any, alterations to its habitat from direct impacts of the fire or post-fire impacts (Roth 
2016). This species is known from wilderness areas that provide protections from most management 
activities. Surveys for this species were conducted after the 2012 Whitewater Baldy Fire and they were 
found to be highly localized, but abundant where they occurred, ranging from 50 to thousands of plants 
at each site (Roth 2016). Previously undocumented sites were also located during this survey, and it is felt 
that additional surveys in suitable habitat would likely document additional currently unknown 
populations.  Since surveys by Roth (2016) located historic populations and identified new ones, the trend 
appears to be stable to slightly increasing. This species is expected to persist into the future (Roth 2016). 
This species should be considered at-risk on the Gila NF because it is identified as taxonomically 
“imperiled” (T2) in NatureServe. 
 
Heartleaf Groundsel (Packera cardamine (=Senecio cardamine)) occurs in mixed conifer wet and spruce-
fir forest, typically above 8,000 feet elevation (Roth 2016). It is generally associated with Douglas fir 
(Pseudotsuga menziesii), white fir (Abies concolor), Mountain spray (Holodiscus dumosus), aspen 
(Populous tremuloides), alpine woodsorrel (Oxalis alpina), wild geranium (Geranium sp.), nodding ragwort 
(Senecio bigelovii), and Canadian violet (Viola canadensis) (Roth 2016). These ERUs are at moderate to 
high departure from reference conditions on the Gila NF and not modelled to improve over time (Chapter 
2: Upland Vegetation). Populations of this plant are distributed around Willow Mountain, just northwest 
of Whitewater-Baldy. Likely threats include drying out of sites because of timber harvest or forest fire.  
Many populations are on steep, inaccessible slopes (NMRPTC 1999, Roth 2016), but most populations 
likely burned in the 2012 Whitewater-Baldy Fire. While the spruce-fir ERU historically burned on a 150-
400 year cycle with mixed severity to stand replacement fire, the mean patch size of the disturbances was 
historically 200-1,000 acres (Chapter 2: Upland Vegetation). This species is adapted to growing under the 
canopy of mixed conifer forests (Roth 2016), therefore it is likely that it persisted historically even though 
the ERUs it occurs in burn typically with severe conditions.  The extent of fires that burned historically 
were not likely as broad as the most recent fires, which could impact persistence with fewer sites that are 
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considered suitable. This species still occupied the general areas and habitat from where they were 
documented prior to the 2012 fire. Surveys conducted by Roth (2016) showed that plants were found in 
groupings of a few plants to thousands of plants, well past flowering stage. It can be assumed that these 
rare plants generally survive the direct impacts of fires, regardless of fire severity (Roth 2016). However, 
long term impacts of radical habitat alteration caused by severe fires may ultimately cause the decline or 
even disappearance of several species from their current occupied habitats (Roth 2016).  This species 
should be considered at-risk on the Gila NF because all but one existing site has burned within the last 5 
years, and ERUs this species occurs in are moderately and highly departed and not modelled to improve 
in the future. 
 
New Mexico Groundsel (Packera quaerens) occurs in wet meadows and streambanks in upper montane 
coniferous forest (8,000-9,000 feet elevation).  Its locations on the Gila NF have been mapped in the 
Arizona alder-willow, upper montane coniferous-willow, and ponderosa pine-willow ERUs, all of which 
are in low to moderate departure from reference conditions (Chapter 7: Riparian). Several of the species 
in the Packera hartiana complex, which includes P. quaerens, are very difficult to differentiate, but 
Packera quaerens is treated as its own distinct species in the NRCS PLANTS database (NMRPTC 1999).  
Plants do not appear to recolonize eroded or disturbed areas (NatureServe 2016).  The species is 
distributed across the Gila NF from the Burro Mountains, northeast to the town of Kingston on the eastern 
boundary of the Gila NF, north and west to the Arizona state line north of Alpine, Arizona. Identified 
threats include livestock grazing, recreation, logging, stream siltation, flooding, erosion, loss of habitat 
due to reservoir construction, and collecting (NatureServe 2016).  Loss of habitat due to large wildfire and 
climate change may also be a factor, as 12 of the 17 known collection sites for this species were likely 
burned in the 2012 Whitewater-Baldy Fire. Severity of the fire at the sites is not known, and surveys have 
not been conducted to document abundance or trend for the species on the Gila NF. Overall trend for the 
species appears to be declining in New Mexico, but the rate of decline is unknown (NatureServe 2016). 
This species should be considered at-risk on the Gila NF because it is identified as globally “imperiled” (G2) 
in NatureServe. 
 
Metcalfe's Penstemon (Penstemon metcalfei) occurs in cliffs and steep north slopes of montane conifer 
forest from 6,600-9,500 feet elevation. This species occurs within the ponderosa pine and mixed conifer 
with frequent fire ERUs, which are moderately to highly departed from reference conditions (Chapter 2: 
Upland Vegetation). Associated species include Douglas fir (Pseudotsuga menziesii), ponderosa pine (Pinus 
ponderosa), Gambel oak (Quercus gambelii), orange gooseberry (Ribes pinetorum), alpine woodsorrel 
(Oxalis alpina), scarlet penstemon (Penstemon barbatus), New Mexico locust (Robinia neomexicana), red 
elderberry (Sambuccus racemosa), chokecherry (Prunus virginiana), canyon maple (Acer 
grandidentatum), and aspen (Populus tremuloides) (Roth 2016). It is presently known from a small region 
of the Black Range in Trujillo and Percha canyons. The majority of the occupied habitat and all 5 knowns 
sites of Metcalfe’s penstemon burned moderately to severely in the 2013 Silver Fire (Roth 2016). In 
addition to fire severity impacts and canopy removal, much of the stream bank habitat of Metcalfe’s 
penstemon was significantly impacted by post-fire erosion, including stream bank scouring and incision, 
debris flows and large volumes of debris deposition (Roth 2016). Because very few plants were 
documented in 2014 and Metcalfe’s penstemon appears to have a preference for growing in cool, shady 
areas, underneath the canopy of mixed conifer forests and along stream banks, the species may not 
persist over time in the majority of documented sites on the Gila National Forest, due to radical habitat 
alterations caused by the Silver Fire (Roth 2016).  A total of 138 plants were found during the post-fire 
surveys conducted by Roth (2016), and no plants were found at the type locality where there were once 
“thousands” documented. Trend for this species appears to be declining on the Gila NF. This species 
should be considered at-risk on the Gila NF because the majority of its habitat and all known locations 
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have burned in the last 5 years, the ERUs it occurs within are moderately to highly departed from 
reference conditions, and it is identified as globally “critically imperiled” (G1) in NatureServe. 
 
Davidson's Cliff Carrot (Pteryxia davidsonii) occurs on moist, rocky places on sheer north facing cliffs in 
woodland ERUs between 6,500-8,000 feet elevation (NMRPTC 1999).  The woodland ERUs are in low to 
moderate departure from reference conditions across the Gila NF (Chapter 2: Upland Vegetation). The 
species is found in the Burro Mountains, near Silver City, and near the town of Mogollon. Threats are not 
well known but may include mining or mineral exploration.  This plant inhabits cliff faces that are very 
inaccessible, and which effectively removes most threats to this species. Geologic features that comprise 
cliff habitat likely are in low departure from reference conditions. Another threat to the species may 
include uncharacteristic wildfire. The 2012 Whitewater-Baldy fire may have burned one of the known 
sites, but no surveys have been conducted to evaluate effects.  There is no documentation on abundance 
or trend for this species on the Gila NF, but it may be more abundant than we think because it inhabits 
rugged, inaccessible habitat that is difficult to survey.  Also, trend for the species on the Gila NF may be 
stable based on that same inaccessibility. Range-wide, short-term trend is relatively stable <10% change, 
while the long-term trend is estimated to be stable with no evidence to the contrary (decline of <30% to 
increase of 25%) (NatureServe 2016). This species should be considered at-risk on the Gila NF because it 
is identified as globally “imperiled” (G2) in NatureServe. 
 
Mimbres Figwort (Scrophularia macrantha) occurs on north facing slopes in piñon-juniper woodlands to 
dry mixed conifer between 6,500-8,200 feet elevation (NMRPTC 1999).  Woodland ERUs are in low to 
moderate departure from reference conditions, but ponderosa pine and mixed conifer forest with 
frequent fire are moderately to highly departed from reference conditions (Chapter 2: Upland Vegetation). 
Fire may have impacted frequent fire ERUs (ponderosa pine and mixed conifer with frequent fire forests) 
more severely than the woodland ERUs.  This species is located along the HWY 152 corridor in Gallinas, 
Railroad, and Bear Canyons on the east side of the Black Range crest.  Many of these populations may 
have been misidentified as the similar looking mountain figwort (Scrophularia montana), which occurred 
within the habitat of Mimbres figwort (Roth 2016).  This may explain why several of the historic 
populations may not have been found, particularly the locations outside the 2013 Silver Fire boundary. 
Mimbres figwort may be far more rare than previously thought (Roth 2016). Currently, 15 of 16 existing 
sites occur within the 2013 Silver Fire boundary. Most of these previously documented sites did not burn, 
but may have experienced some post-fire flooding and associated scouring of the stream banks. 
Nonetheless, plants should still be expected along the slopes adjacent to the stream banks, from where 
they were previously reported. Because Mimbres figwort appears to have a preference for growing in 
cool, shady areas, underneath the canopy of mixed conifer forests and along stream banks, the species 
may not persist over time in the majority of documented sites on the Gila National Forest due to radical 
habitat alterations caused by the Silver Fire (Roth 2016). Additional threats may include mining or mineral 
exploration, road construction or maintenance, and collection, particularly adjacent to campgrounds 
where this plant was historically found. No documentation on abundance was available before the fire on 
the Gila NF, but post-fire surveys conducted by Roth (2016) documented fewer than 400 individuals within 
the fire perimeter and only 10 outside. They were located in groups of 25 individuals or less. Trend has 
not been documented for this species on the Gila NF, but the plant was not found at historic sites, most 
of which were outside the fire boundary. The trend may therefore be declining, but it may be due to 
factors other than the fire effects.  Also, misidentification of the plant within several of the historic sites 
may explain why the plant was absent from some of the sites and the trend may be more stable.  This 
species should be considered at-risk on the Gila because its trend may be declining, all but one known site 
was burned in the 2013 Silver Fire, and it is identified as globally “imperiled” (G2) in NatureServe. 
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Porsild's Starwort (Stellaria porsildii) occurs in shade and partially open understory of mixed conifer with 
aspen between 7,900-8,200 feet elevation (NMRPTC 1999).  Mapped locations on the Gila NF show that 
this plant may occur within ponderosa pine, mixed conifer with frequent fire, and mixed conifer with 
aspen ERUs on the Gila NF.  The Ponderosa pine forest ERU is highly departed from reference conditions, 
while the mixed conifer with frequent fire and mixed conifer with aspen ERUs are moderately departed 
from reference conditions (Chapter 2: Upland Vegetation). These ERUs are not modelled to improve in the 
future. This species is occasionally found scattered on roadsides with steep, loamy and rocky 
embankments.  It has been found along roadsides on the road to Signal Peak in the Pinos Altos Range and 
in the immediate vicinity of Signal Peak on the Gila NF. Road maintenance activities may impact 
populations that occur along roadsides or road cuts. Drought is reported as a threat as plants may not 
emerge during dry periods.  Additionally, forest fire, grazing, and recreational impacts may be threats but 
have not been studied (NatureServe 2016). All known populations on the Gila NF have been burned in the 
2014 Signal Fire. There is no documentation for abundance on the Gila NF, but this species has only been 
found in two disjunct populations (one in AZ and one in NM) and are known to occupy only a small area 
in each. This species is not likely very abundant.  Trend has also not been documented for this species as 
it has not been studied, but may be declining since this is a shade-loving species and much of the forest 
overstory where this plant occurred was removed by the 2014 Signal Fire. This species should be 
considered at-risk on the Gila because its trend may be declining, all known sites were burned in the 2014 
Signal Fire, and it is identified as globally “critically imperiled” (G1) in NatureServe. 
 
Pinos Altos Flame Flower (Talinum humile) occurs in pine/oak woodland on rocky, south facing slopes, 
usually on shallow, gravelly, usually clayey soils overlaying rhyolite (NMRPTC 1999).  Mapped locations on 
the Gila NF place this species in piñon-juniper woodland, Madrean pine-oak woodland, and ponderosa 
pine-evergreen oak forest ERUs.  The woodland ERUs are currently in low to moderate departure from 
reference conditions, while the ponderosa pine-evergreen oak ERU is moderately departed (Chapter 2: 
Upland Vegetation). Modelling suggests these ERUs will remain in the same conditions or get worse in the 
future. This species is distributed in the Pinos Altos Range and around the Mimbres Valley.  It is located 
along HWY 15 in the Pinos Altos Range north of Silver City, east to Noonday and Gallinas Canyons, and in 
Rabb Park. Threats include grazing and, to a lesser extent, housing developments.  Threats from grazing 
in at least two sites in New Mexico have been alleviated causing those populations to "explode" until 
other vegetation became competitive. This plant seems to grow in inaccessible areas where grazing is the 
only threat (NMRPTC 1999).  Abundance is not well known on the Gila NF, but it is likely not very abundant 
as range-wide numbers are a little more than 2,000 individuals.  Trend is not well documented on the Gila 
NF, but the locations where the numbers “exploded” are at sites immediately adjacent to the Forest 
boundary.  Grazing occurs on Forest Service lands, so trend may be stable to declining. Overall trend for 
the species range-wide shows a short-term trend of a 30-70% decline (NatureServe 2016).  This species 
should be considered at-risk on the Gila because its trend may be declining, and it is identified as globally 
“imperiled” (G2) in NatureServe. 
 
Mogollon Clover (Trifolium neurophyllum) occurs in wet meadows, springs, and along riparian corridors 
in montane coniferous forest from 6,500-9,000 feet elevation (NMRPTC 1999).  It can occur within 
ponderosa pine forest, mixed conifer with frequent fire forest, upper montane coniferous-willow, 
ponderosa pine-willow, Arizona alder-willow, and herbaceous wetland ERUs on the Gila NF (Chapter 2: 
Upland Vegetation). The two forested ERUs are moderately to highly departed from reference conditions, 
while the riparian ERUs are in low to moderate departure across the Gila NF.  There is no departure data 
for herbaceous wetlands, so the departure of that ERU is not known. The forested ERUs have been 
modelled and show no improvement into the future, but the riparian ERUs have not been modelled 
because there was insufficient data for model runs (Chapter 7: Riparian). In AZ the plant has been found 
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in drier areas (ponderosa pine forest, mixed conifer with frequent fire ERUs), but not in NM.  The species 
has a fairly broad distribution on the Gila NF and is found from just east of the town of Mogollon, north 
and east to the Tularosa Mountains, north to the Mangas Mountains, and west to the Arizona state line. 
Threats include drought and impacts to riparian habitat due to grazing, both native and domestic, or 
drying of streams or wet meadows through water developments (NatureServe 2016, NMRPTC 1999). 
Abundance is not well documented on the Gila NF, but estimates of known sites show there are 
approximately between 10,000-16,000 individuals distributed across the Gila NF with several populations 
containing several thousand individuals. Trend has not been documented on the Gila NF, but it may be 
decreasing due to continued habitat disturbance from grazing pressures and continued drought 
conditions (NatureServe 2016). This species should be considered at-risk on the Gila because its trend may 
be declining, and it is identified as globally “imperiled” (G2) in NatureServe. 
 
Mogollon Death Camas (Zigadenus mogollonensis) occurs in wet mixed conifer, sub-alpine fir >8,700 ft 
(NMRPTC 1999).   The mixed conifer with aspen and spruce-fir forest ERUs are moderately to highly 
departed from reference conditions on the Gila NF, and the spruce-fir ERU is modelled to worsen into the 
future (Chapter 2: Upland Vegetation). While the spruce-fir ERU historically burned on a 150-400 year 
cycle with mixed severity to stand replacement fire, the mean patch size of the disturbances was 
historically 200-1,000 acres (Chapter 2: Upland Vegetation). This species is adapted to growing under the 
canopy of mixed conifer forests (Roth 2016), therefore it is likely that it persisted historically even though 
the ERUs it occurs in burn typically with severe conditions.  The extent of fires that burned historically 
were not likely as broad as the most recent fires, which could impact persistence with fewer sites that are 
considered suitable. All known populations burned during the Whitewater-Baldy Fire in 2012.  Thirty-four 
sites where this plant occurred within the 2012 Whitewater-Baldy fire perimeter were documented, and 
only 6 of the sites had not burned.  In 28 of the sites, fire burned severely and up to several thousand 
plants were found at these sites.  In the 6 unburned sites there were 71 plants found. The species was 
found to be growing post-fire in numerous locations, but because Mogollon death camas has never been 
observed to grow naturally in open areas, the species may not persist over time in the majority of 
documented sites on the Gila National Forest due to radical habitat alterations caused by the Whitewater-
Baldy Fire (Roth 2016).The species is distributed in the Mogollon Mountains, centered around Willow 
Mountain, in an area of approximately 5 miles x 6.5 miles (Roth 2016). This plant is not threatened by 
current forest uses, and livestock will not intentionally eat them as they are thought to be poisonous 
(NMRPTC 1999). Trend has not been documented on the Gila NF, but may decline due to alterations to its 
habitat after the 2012 Whitewater-Baldy fire. This species should be considered at-risk on the Gila because 
its trend may be declining, and the ERUs in which the species occurs are moderately to highly departed 
and modelled to get worse in the future. 
 
Mogollon Mountain Lousewort (Pedicularis angustifolia) occurs in mature forests in Catron County 
between 7,000-9,000 feet elevation (NatureServe 2016).  It has been found in mixed-conifer and spruce-
fir forests on mature forest floors (SEINet 2016). This species has been found in mixed-conifer with aspen, 
and spruce-fir forest ERUs that are moderately departed.  The locations where this species has been found 
have had wildfire burn through them, but it is not known at what intensity.  This plant is dependent on 
mature forests as it is a hemiparasitic perennial herb (NatureServe 2016). This species has a small 
distribution on the Gila NF as it only occurs within a 400 square mile area in Catron County (NatureServe 
2016). Threats to the species would include anything that would remove mature forests, such as logging 
and uncharacteristic wildfire. It has been described as rare overall, but locally “common on mature forest 
floors” (NatureServe 2016). Trend has not been documented on the Gila NF, but it may be decreasing due 
to uncharacteristic wildfires that have burned through many of the known locations of this plant. This 
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species should be considered at-risk on the Gila because its trend may be declining, and it is identified as 
globally “imperiled” (G2) in NatureServe. 
 
Gunnison's Prairie Dog (prairie population) (Cynomys gunnisoni) occurs in grasslands/shrublands 6,000-
12,000 ft. The species is relatively well distributed in the north half of the Gila NF as it is found from Kemp 
Mesa, near Beaverhead, north and west to the northern boundary of the Gila NF. Information is lacking 
on population size or trends, but it is thought some of the populations on the Gila NF are declining (Jerry 
Monzingo pers. comm.).  Habitat restoration work currently being conducted in areas that are occupied 
may benefit the species by moving grasslands more toward reference conditions.  Short-term trend 
appears to be relatively stable to <30%, but the long-term trend shows a 70-90% decline (NatureServe 
2016). This species should be considered at-risk on the Gila NF because the ERUs they inhabit are 
moderately to highly departed and not modelled to improve in the future, numbers on the Gila NF may 
be declining, and high susceptibility to Sylvatic plague. 
 
Arizona Montane Vole (Microtus montanus arizonensis) occurs in mesic meadows in ponderosa pine and 
mixed conifer.  The ponderosa pine forest, mixed conifer with frequent fire, and mixed conifer with aspen 
ERUs are highly, moderately to highly, and moderately departed, respectively (Chapter 2: Upland 
Vegetation). The species is found in two disjunct and isolated locations on the Gila NF.  One location is in 
the northwest part of the Forest in Centerfire Bog, while the other is located to the west near the Arizona 
state line in Jenkins Creek (Frey et al. 1995). These two locations are separated by approximately 8 miles. 
Threats include habitat alteration through over-grazing or other activities that dry out mesic meadows 
(BISON-M 2016).   Abundance of the species may be quite low as trap attempts yielded only one vole, 
even though 40 Sherman traps were set and there was an abundant number of vole runways with fresh 
feces and grass clippings (Frey et al. 1995). In New Mexico, the trend is unknown as the previously 
mentioned sites are the only locations the vole has been found.  However, in Arizona surveys have found 
that it is much more abundant than once thought (BISON-M 2016).  This species should be considered at-
risk on the Gila NF because the ERUs they inhabit are moderately to highly departed and not modelled to 
improve in the future, only two isolated populations have been found on the Gila NF, and numbers at 
both sites appear to be very low. 
 

Stakeholder Input 
Over the past year, the Gila NF has initiated the first phase of Forest Plan Revision and began working on 
an Assessment of the Gila NF resources.  Throughout that time period there have been community 
meetings, symposiums, and presentations given on the various aspects of the assessment where the public 
and other stakeholders have been encouraged to provide any input, comments, or additional information 
sources to aid in the development of the assessment.  The comments have been compiled by resource 
area and evaluated to help create the most comprehensive assessment from which to base the revised 
forest plan. 

There were many comments regarding at-risk species and species of conservation concern (SCC) ranging 
from a few words to several pages.  Several of the comments were quite polarized in the message including 
comments on grazing (too much, too little), threatened and endangered species (too many, too few), 
predators (too many wolves and coyotes, need more apex predators), and human influence to the 
ecological landscapes (reduce human influence, actively manage Forest).  Some comments brought up 
things that the Forest Service has no control over (i.e. species listings, hunting regulations) which highlights 
that there may be misconceptions about what the Forest Service does and the responsibilities the agency 
has.  There were also several suggestions on where to find relevant information to incorporate into the 
assessment. 
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Even with these polarized comments, there were some common themes that most people felt the Gila NF 
needs to capture and take forward into the plan revision phase.  The use of sound science in developing 
management practices for all issues from grazing to fire use to fisheries management.  This appeared to 
be the single most commonality amongst commenters providing input.  Another important item was the 
need for not just monitoring, but focused and meaningful monitoring.  It is felt that better information to 
inform managers will aid in providing adaptive management for a resilient landscape.  There was also a 
feeling that the agency needs to manage the Forest more holistically to get away from single species 
management and manage in a way that benefits multiple species and resources. 

Additionally, the Gila NF Draft Assessment Report was released in September 2016 allowing interested 
stakeholders to provide feedback. Numerous comments from individuals, organizations, and other 
government agencies were and catalogued in the project record. There were numerous species we were 
asked to evaluate or re-evaluate for inclusion into the SCC list.  Many of these species either did not occur 
on Gila NF lands, do not meet criteria outlined in the directives for inclusion as an SCC, or they have 
previously been assessed and found not to be a SCC. Many excellent suggestions were made, which in turn 
we incorporated into this final draft, including the addition of four species to be added to the potential 
SCC list.  

Fortunately the 2012 Planning Rule Directives attempt to address the very comments the Gila NF received 
during public input.  They direct the Gila NF to use Best Available Scientific Information as well as guiding 
the Forest to manage landscapes using the Ecological Response Unit and SCC concepts.  The general 
premise of these concepts is to manage the Forest in a way that restores or maintains ecological integrity 
which in many cases will move the Forest closer to reference conditions.  This ecological integrity should 
provide conditions favorable to species that occur and evolved in those systems, thus managing in a 
holistic manner.   

Summary 
The Gila NF is home to hundreds of animal and plant species, some of which are found only on the Gila 
NF, and others for which changing land-use patterns in the broader landscape have increased their reliance 
on Gila NF managed lands. These species provide many ecosystem services, including: (1) supporting 
services, such as nutrient cycling, soil formation and manipulation, primary production, and seed 
dispersal; (2) regulating services, including carbon sequestration, pollination, and erosion control; (3) 
provisioning services, such as food, fiber, medicine, and forest products; and (4) cultural services, including 
recreation, opportunities for scientific discovery and education, and cultural, intellectual, or spiritual 
inspiration. The most important drivers of change in ecosystem services are habitat change, climate 
change, invasive species, overexploitation, and pollution. This chapter focuses on at-risk species that occur 
on the Gila NF, which indicate the ecosystem services provided by these species are decreasing and at 
risk. 

At-risk species decisions are based on best available scientific information. Unfortunately many species 
lack specific information on current population status, distribution, or abundance making it difficult to 
determine risk. Another confounding issue is scale. Although some species information indicate increase 
or a decline on a large geographic scale (i.e. nationwide or statewide), forest-wide expertise may not 
suggest a similar determination. Should any new information become available the plan can be amended 
to accommodate the new information.  
 
There are 66 at-risk species on the Gila NF, 15 are federally listed threatened or endangered and 51 are 
identified as species of conservation concern. A total of 15 federally recognized species (six endangered, 
seven threatened, two proposed threatened) were determined to be relevant to the plan area. Of the 15, 
seven are fish, three birds, two reptiles, two mammals, and one amphibian.  
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Potential SCC were determined following guidance in the proposed directives issued for the 2012 Planning 
Rule.  Wildlife and plant species identified as at-risk by a number of different entities were considered. The 
species that were ultimately considered to be at-risk met the following criteria: (1) met the initial 
requirements; (2) had been documented on the Gila NF; and (3) had the potential to be both positively 
and negatively affected by Forest Service management activities. An overall risk assessment for each 
species was calculated from data identifying the status of historic, current, and future population trends 
and associated ERUs and data identifying threats to the species or to key ecosystem characteristics. A total 
of 51 potential SCC were determined to have substantial concern over species’ capability to persist over 
the long term in the plan area, including: 27 invertebrates, 18 plants, two mammals, one fish, one 
amphibian, and two birds. 

If management activities focus on ecosystem integrity and diversity goals by including disturbance-
absorbing connected habitats, then ecological conditions could be effectively restored and maintained. 
These improved ecological conditions would maintain the diversity of plant and animal communities and 
support the abundance, distribution, and long-term persistence of common and secure, imperiled, or 
vulnerable native species. Species-specific plan components within each ERU will be developed for those 
species with additional or key ecosystem characteristic needs or where ecological conditions are not 
otherwise met. 
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Chapter 9. System Drivers and Stressors 
Introduction 
System drivers are factors or processes that determine what is ecologically possible on the landscape and 
the natural range of variability in conditions. Stressors are natural or human caused alterations in system 
drivers that may directly or indirectly threaten resource sustainability. It is the combination of and 
interactions between system drivers and stressors that have resulted in current conditions discussed 
throughout the ecological volume of the assessment. This chapter identifies, describes and evaluates the 
reference and current status of system drivers and stressors common to water resources and terrestrial, 
riparian and aquatic ecosystems. Drivers and stressors that apply to individual resources or characteristics 
are briefly described in those respective chapters.  

In the context of system drivers and stressors, recall that the NRV approach to reference conditions is 
defined by the period prior to European settlement; this means that the NRV includes the influence of 
Native American populations. Ecological conditions during the reference period were by no means 
pristine. As described in Chapter 17: Cultural and Historic Resources, some aspects of ecological change 
during this time period responded directly to the influence of human populations. On the Gila NF, 
archeological and anthropological researchers have compiled evidence and drawn inferences regarding 
the human dynamics of this time period and how it influenced, and was influenced by, the distribution of 
plant and animal species and other natural resources (Creel et al. 2010; Creel and Speakman 2012; Minnis 
1985; Schoolmeyer 2009; Shafer 2006). However, there are limits to our knowledge of these dynamics. 

Predominant Climatic Regime 
Climate, or the average weather, is the primary system driver. It largely determines the timing, quantity, 
duration and distribution of available water, and influences all ecological processes and ecosystem 
characteristics including but not limited to: the potential natural vegetation community, natural rates of 
soil formation and loss, fire regimes and patterns of insects and disease.  

For the most part, climate across the plan and context areas is characterized as semiarid and warm, with 
low annual precipitation and a high number of sunny days. Past precipitation and temperature of the 
region has varied sharply at time scales ranging from annual to multi-decadal. Climate also varies by 
elevation, topography and aspect. North facing slopes tend to be cooler and wetter than south facing 
slopes due to differences in solar radiation. Topographic features such as mountain ranges, influence wind 
patterns that carry air masses with different temperatures and moisture content. Mountain ranges can 
force approaching air masses to move upward quickly, resulting in cooling and precipitation. Annual 
precipitation data for the context area is displayed in Figure 145. The area in gray is the Gila NF. No 
equivalent data is available for the portion of the context area in Mexico. 
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Figure 145. Average annual precipitation in inches, 30 year normals, time period 1981-2000.   

Note: From Parameter-Elevation Regressions on Independent Slopes Model (PRISM) 
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Areas of higher precipitation are found at higher elevations in the Mogollon and Black Range Mountains 
on the Gila NF and along the Mogollon Rim in Arizona. Areas of lower precipitation occur throughout the 
lower elevations of the context area, but become more common toward the south and west. Average 
annual precipitation by subbasin and watershed, and the percent falling on the Gila NF are included in 
Appendix D.  

Across the context area, there are generally two principal periods of precipitation. The summer monsoon 
season typically occurs July through August. Rainfall during this time period is characterized by convective, 
high intensity, short duration storms. These are usually small storms, averaging an estimated five square 
miles. Late in the monsoon season and continuing into October, the area can experience high intensity, 
longer duration storms of cyclonic origin associated with hurricanes in the Gulf of Mexico and Pacific 
Ocean. These do not occur with the same regularity of the monsoon rains.  

The second principal period of precipitation typically occurs from December through February when 
easterly storm tracks originating from the Pacific Ocean cross over the Forest allowing for widespread 
precipitation. This precipitation usually falls as snow in the higher elevations. The snow pack at these 
higher elevations generally develops continuously over this period but melts over a much shorter time 
span. In years where there is an El Niño event, winter precipitation tends to be higher than normal. In La 
Niña years, drier than normal conditions exist from late summer and into the winter. 

There is limited snow pack data for the context and plan area. The available data comes from the Natural 
Resources Conservation Service and National Water and Climate Center’s Snow Telemetry (SNOTEL) and 
Snow Course datasets. Periods of record are highly variable between stations and the characteristics 
measured (e.g. snow depth or snow water equivalent).  Prior to 2004, many stations were not consistently 
recording data for the same months every year. Table 184 summarizes what snow pack information exists 
by subbasin (4th level watershed) and watershed (5th level watershed). 
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Table 184. Snow pack characteristics by subbasin and watershed1 

Watershed 
Name 

Station 
Name 

Elevation 
(ft) 

On Gila 
NF 

(yes/no) 

Average Monthly Snow Depth (in) Average Snow Water Equivalent (in) 
Jan Feb Mar Apr May June Jan Feb Mar Apr May June 

Mimbres Subbasin               
Gallinas 
Canyon-
Mimbres 
River 

McKnight 
Cabin Snotel 9,240 Yes 9.6 12.5 16.1 2.6 0.3 0.1 2.2 3.4 3.6 0.9 <0.1 <0.1 

Emory Pass 7,800 Yes 4.3 4.6 2.7 0.6 0 
No 

data 0.9 1.3 0.9 0.1 0 
No 

data 
Little Colorado Headwaters               
 Baldy 9,125 No 12.6 20.4 21.6 7.2 0.2 0 3.4 5.8 7.3 4.6 0.3 0 

 
Cheese 
Spring 8,700 No 11.3 17.8 21.0 12 0 

No 
data 2.4 4.0 5.5 3.6 0 

No 
data 

 Fort Apache  No 15.6 24.7 28.0 20.8 
No 

data 
No 

data 3.6 6.0 7.7 6.7 
No 

data 
No 

data 
Upper Gila Subbasin               
Sapillo Creek Signal Peak 8,360 Yes 8.8 11.0 8.5 1.2 0 0 2.3 4.0 4.35 0.7 0 0 
Middle Fork 
Gila River Whitewater 10,070 Yes 41.4 54.4 67.0 65.3 

No 
data 

No 
data 9.5 14.8 19.6 22.5 

No 
data 

No 
data 

Headwaters 
East Fork 
Gila River 

Lookout 
Mountain 8,500 Yes 4.9 4.2 1.6 0.2 0.2 0 1.5 2.2 1.5 <0.1 <0.1 0 

Outlet East 
Fork Gila 
River 

McKnight 
Cabin Aerial 
Marker 9,300 Yes 8.1 14.3 16.0 6.1 

No 
data 

No 
data 1.8 3.6 4.7 2.2 

No 
data 

No 
data 

San Francisco Subbasin               
Centerfire 
Creek-San 
Francisco 
River Frisco Divide 8,000 Yes 6.8 7.4 2.9 0.1 2.9 0 1.4 2.5 2.4 <0.1 0 0 
Pueblo 
Creek-San 
Francisco 
River 

Silver Creek 
Divide 9,000 Yes 21.9 16.8 20.7 12.6 1.6 0.1 3.8 6.1 8.5 8.3 1.8 0 

 Stateline 8,000 No 5.5 10.3 8.7 2.0 0 
No 

data 1.2 2.5 2.3 0.7 0 
No 

data 

 
Coronado 
Trail 8,425 No 6.4 10.8 9.1 2.6 0.1 0 1.5 2.8 2.8 0.8 <0.1 0 

 Nutrioso 8,500 No 4.8 7.5 9.4 2.0 0 0 1.1 1.9 1.8 0.6 0 0 
Gila NF Average 14.0 21.0 24.1 19.7 1.1 <0.1 2.9 5.3 6.4 5.5 0.4 <0.1 
Total Average 11.6 15.5 16.7 9.7 0.5 <0.1 2.6 4.4 5.2 4.3 0.5 0 

1 Watersheds are not listed for those stations outside the plan area. The data for the Coronado Trail Snow Course and Snotel were averaged because they are in the same watershed 

with a 50 foot elevation difference. The data for the Nutrioso Snow Course and Snotel were averaged because they are in the same watershed at the same elevation.   
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The United States is divided into climate divisions. Each division represents an area with relatively similar 
climate conditions. The Forest’s distribution across these climate divisions is displayed in Figure 146.  

 
Figure 146. Climate Divisions of the Gila NF 

The plan area falls primarily in the Southwest Mountains, but portions also fall within the New Mexico 
Southern Desert. Figure 147 displays temperature data for these climate divisions from 1895-2014.  

 
Figure 147. Average annual temperature for the New Mexico Southwestern Mountains and 

Southern Desert climate divisions, 1895-2014 time periods 
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In the Southwestern Mountains, the average annual temperature across all years is 48.9 degrees 
Fahrenheit. The highest annual average temperature was 50.9 degrees Fahrenheit in 1910. The lowest 
annual average temperature (46.8 degrees Fahrenheit) occurred in 1912. In the Southern Desert, the 
average annual temperature across all years is 59.1 degrees Fahrenheit with the hottest year being 1934 
(61.9 degrees Fahrenheit) and the coolest year also being 1912 (57.3 degrees Fahrenheit). Although higher 
temperatures have always occurred in the Southern Desert, the pattern of annual and decadal variability 
is similar for both divisions.  

Temperature exerts a significant influence on precipitation patterns, from the El Niño-La Niña cycles which 
are largely driven by temperatures in the Pacific Ocean, to the more regional and local convective heating 
that contributes to the summer monsoons. Figure 148 displays the average annual precipitation for the 
climate divisions. 

 
Figure 148. Average annual precipitation for the New Mexico Southwestern Mountains and 

Southern Desert climate divisions, 1895-2014 time periods 

In the Southwestern Mountains, the average annual precipitation across all years is 15.3 inches. The 
highest annual average precipitation was just over 20 inches and occurred in 1905. The lowest annual 
average precipitation (7.2 inches) occurred in 1956. In the Southern Desert, the average annual 
precipitation across all years is 11.9 inches with the driest year also being 1956 (4.8 inches) and the wettest 
year 1905 (21.4 inches). Although higher precipitation has always occurred in the Southwestern 
Mountains, the pattern of annual and decadal variability is similar for both divisions.  

The instrumental record does not extend to the time prior to European settlement. The Climate 
Assessment for the Southwest (CLIMAS) at the University of Arizona has developed a Paleoclimate Tool 
which provides a reconstruction of cool season precipitation for each climate division in Arizona and New 
Mexico back to the year 1000. This tool is based on data collected from tree ring studies across the 
southwest and is available at http://www.climas.arizona.edu/paleoclimate-tool. Cool season precipitation 
can be correlated to annual tree-ring widths with more certainty than warm season precipitation. Efforts 
by the North American Monsoon Project may prove the reconstruction of the warm season precipitation 
to be possible in the future. Figure 149 and Figure 150 display the reconstructions for the Forest’s two 
climate divisions. This work was completed in 2006 and has not been updated to include subsequent years. 
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Figure 149. Reconstructed cool season precipitation for the Southwestern Mountains climate 

division 
Note: The adjusted 1955 and 2006 value lines were altered from the original CLIMAS graph to improve readability in black and 

white. 

 
Figure 150. Reconstructed cool season precipitation for the Southern Desert climate division 

Note: The adjusted 1955 and 2006 value lines were altered from the original CLIMAS graph to improve readability in black and 

white. 

The reconstructions show not many years in the last 1000 years were drier than 1956 and even fewer drier 
than 2006. Table 185 and Table 186 compare the driest and wettest five year period using the 
reconstructed time period (1000-1894) and the instrumental record (1895-2006).  
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Table 185. Comparison of reference and current precipitation for the New Mexico Southwestern 
Mountains climate division 

 Reference Time Period (1000-1894) Instrumental Record (1895-2006) 
Driest Five-Year Period          
 1666-

1670 
1090-
1094 

1778-
1782 

1147-
1151 

1214-
1218 

1902-
1906 

1955-
1959 

1900-
1904 

1972-
1976 

1901-
1905 

Precipitation 
(in) 

9.0 9.7 10.0 10.1 10.6 11.3 12.6 12.7 12.7 13.3 

Percent of 
Average 
(1000-2006) 

49 53 55 55 58 63 65 66 66 68 

Wettest Five-Year Period          
 1330-

1334 
1267-
1271 

1197-
1201 

1325-
1329 

1309-
1313 

1993-
1997 

1985-
1989 

1986-
1990 

2003-
2007 

1940-
1944 

Precipitation 
(in) 

30.8 29.2 28.1 26.8 26.3 28.8 27.6 26.9 26.5 26.4 

Percent of 
Average 
(1000-2006) 

159 156 156 155 154 186 163 162 157 157 

The higher percent of average values suggest that in the Southwestern Mountains, cool season 
precipitation has generally been greater during the last 111 years than in the reference time period.  

Table 186. Comparison of reference and current precipitation for the New Mexico Southern Desert 
climate division 

 Reference Time Period (1000-1894) Instrumental Record (1895-2006) 
Driest Five-Year Period          
 1777-

1781 
1667-
1671 

1782-
1786 

1090-
1094 

1166-
1170 

1955-
1959 

1902-
1906 

1911-
1915 

1954-
1958 

1910-
1914 

Precipitation 
(in) 

7.4 7.6 9.8 10.1 10.2 10.1 10.5 10.6 10.7 11.0 

Percent of 
Average 
(1000-2006) 

43 43 56 58 58 63 65 66 66 68 

Wettest Five-Year Period          
 1330-

1334 
1617-
1621 

1812-
1816 

1837-
1841 

1116-
1120 

1993-
1997 

1994-
1998 

1985-
1989 

1992-
1996 

1991-
1995 

Precipitation 
(in) 

27.8 27.3 27.2 27.1 27.0 30.1 26.4 26.2 25.4 25.4 

Percent of 
Average 
(1000-2006) 

159 156 156 155 154 186 163 162 157 157 

In the Southern Desert, the reconstructions also suggest that cool season precipitation has generally been 
higher than it was during the reference time period. 

Drought 

A drought is a prolonged period of time of below average precipitation. Droughts are normal and recurrent 
climatic features that have occurred both before and after European settlement on time scales ranging 
from single growing seasons to multiple years, even decades (Sheppard et al. 2002). Drought impacts can 
include, but are not limited to: reduced streamflow; reduced water quantity and reliability of upland water 
sources; reduced vigor, growth and regeneration of riparian species and a reduction in the ability of re-
sprouting species to do so after fire; reduced canopy cover, vigor, growth and seed production in grasses; 
reduced vegetative groundcover and decreased fuel moisture. Drought also has cascading effects 
associated with increased risk of erosion, sedimentation and wildfire, as well as downward trends in 
rangeland condition.  
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The Palmer Drought Severity Index (PDSI) is considered the most appropriate drought index for unirrigated 
land.  It uses precipitation and temperature data, incorporates soil moisture and calculates water supply 
and demand (Climate Prediction Center Internet Team 2005). Figure 151 illustrates the patterns of drought 
that have occurred over the instrumental record for both climate divisions. Drought years are indicated by 
negative values. 

 

 
Figure 151. Drought cycles as depicted by the climate division PDSI values, period of record 1896- 

2014 

The droughts of the last 110 years pale in comparison to some of the decades-long “megadroughts” that 
the region has experienced over the last 2000 years (Seager et al. 2008). The most severe drought in the 
period of record occurred in the 1950s and was more severe in the Southwestern Mountains than in the 
Southern Desert. The most recent drought began in the late-1990s and has been made worse by record 
increases in temperature. Although average to above average precipitation in 2015 relieved some of the 
short-term drought conditions, multiple years of average to above average precipitation are needed for 
long-term relief (University of Arizona CLIMAS 2015). Climate change is projected to increase the 
frequency, severity and duration of droughts (IPCC 2007; Seager et al. 2007).   

Climate Change 
Although regional climatic regimes persist for centuries, they do change and vegetation responds on a 
similar scale (Delcourt and Delcourt 1983). However, recent climate change is a stressor. The USDA FS 
Southwestern Regional Office has compiled the best available science for climate change relevant to forest 
planning in the Southwest; this includes the scientific consensus that human caused increases in carbon 
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dioxide and other greenhouse gases are among the causes of global temperature increases (USDA FS 
2010a) 

In the Southwest, climate modelers agree there is a drying trend that will continue well into the latter part 
of 21st century (IPCC 2007; Seager et al. 2007). While some models have predicted an increase in 
precipitation (Seager et al. 2007), associated temperature increases are expected to increase evaporation 
such that an overall decrease in available moisture remains likely. Regional warming and drying trends 
have occurred twice in the 20th century during the 1930s Dust Bowl and the 1950s Southwest Drought.  

Climate change is projected to increase the frequency, severity and duration of droughts (IPCC 2007; 
Seager et al. 2007).  Models predict the slight warming trend observed in Southwest over last 100 years 
may continue into the next century, with temperature rising approximately five to eight degrees 
Fahrenheit by the end of the century. The greatest warming is expected to occur during winter (IPCC 2007). 
While the region is expected to get drier, it is likely to see larger, more destructive flooding events. Average 
air temperatures are rising. It is likely that continued warming will accentuate the temperature difference 
between the Southwest and the tropical Pacific Ocean, enhancing the strength of the westerly winds that 
carry moist air from the Pacific Ocean into the Southwest during the monsoon. This scenario may increase 
the monsoon’s intensity, or its duration, or both, in which case floods will occur with greater frequency 
(Guido 2008). Along with storms in general, hurricanes and other tropical cyclones are projected to 
become more intense overall. New Mexico and Arizona typically receive 10 percent or more of their annual 
precipitation from storms that begin as tropical cyclones in the Pacific Ocean. In fact some of the largest 
floods in the Southwest have occurred when a remnant tropical storm hit a frontal storm from the north 
or northwest (Guido 2008).  

Climate change is likely to modify ecological conditions, processes and ecosystem services in many regions 
and ecosystems (Westerling et al. 2006; Bowman et al. 2009; Flannigan et al. 2009) including the context 
and plan areas, by altering precipitation patterns, and the timing, quantity, duration and distribution of 
available water. The effects of climate change could be particularly profound for native fishes and aquatic 
ecosystems of the Rocky Mountains and Arizona-New Mexico Mountains because those systems often lack 
resilience and are strongly dependent on temperature and stream flow regimes that are already 
documented to be changing (Rieman and Isaak 2010).  In addition, plants in the arid Southwest already 
live near their physiological limits for water and temperature stress (Archer and Predick 2008). Vegetative 
productivity may decrease with increasing temperatures, as water becomes a greater limiting factor, 
although this may be partially offset if CO2 fertilization significantly increases water-use efficiency in plants 
(USDA FS 2010a). 

Vegetative communities are expected to shift upward in elevation and contract in elevation range. 
Compositional changes in vegetative communities are also predicted, as individual species respond 
differently to changes in climate. In fact, changes such as these have already been documented in the 
montane grassland and mixed conifer vegetation types of the Southwest (Brusca et al. 2013) and impacts 
are expected to increase as climate change continues and perhaps even accelerates (Staudt et al. 2012a). 
According to Swetnam and Falk (2015), a predicted net decline in summer precipitation relative to winter 
precipitation may lead to woody plants being favored over grasses in some locations. On the other hand, 
another study suggests the Southwest could experience massive conifer die off (≥ 50 percent) over the 
next 85 years (McDowell et al. 2015), which could have serious consequences in terms of biodiversity, 
nutrient cycling and carbon storage (USDA FS 2016h). 

Eighty percent of the habitats in the Southwest have warmed over the last 55 years; some have warmed 
twice as fast as others (Karl et al. 2009, Robles and Enquist 2010, Beschta et al. 2012). The climate data 
presented in the previous discussion on the predominant climate illustrates that average annual 
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temperatures within the Forest’s two climate divisions have not dropped below the period of record 
average since the mid-1990s 

The vulnerability of biodiversity to climate change is dependent on the character, magnitude, and rate of 
changes experienced by a species or system (exposure), the degree to which they are, or are likely to be, 
affected by or responsive to those changes (sensitivity), and the ability to accommodate or cope with 
impacts with minimal disruption (adaptive capacity) (IPCC 2007; Williams et al. 2008; Glick et al. 2011). 
Each of these factors is difficult to measure due to uncertainties in climate change projections in the 
coming decades, and gaps in our knowledge of biological and ecological responses to these changes (Glick 
et al. 2011). In addition, biodiversity is already impacted by a range of anthropogenic stressors including 
land use change, exploitation, pollution, non-native invasive species, and disease. In many cases, these 
other stressors have been, are currently (Flather et al. 1997; Wilcove et al. 1998; Jetz et al. 2007; Master 
et al. 2012), or are expected to be the primary drivers of biodiversity loss (Clavero 2011). Overall, it is 
anticipated that the impacts of climate change will become increasingly pervasive and influential in the 
coming decades, and interact synergistically with existing stressors to affect biodiversity’s vulnerability 
(Brook et al. 2008; Barnosky et al. 2011; Mantyka-Pringle et al. 2011). For example, new bioclimatic 
conditions and altered community compositions may enable invasions by non-native species, thus further 
stressing biological systems (Walther et al. 2009). Although the net effect on biodiversity globally is 
expected to be markedly negative (Bellard et al. 2012), an increasing number of studies shows that a range 
of species and populations may experience local benefits and thrive under the changing climate conditions 
(Schmidt et al. 2009; Hare et al. 2010; Schmidt et al. 2011). 

In 2015, the Forest Service Southwestern Region prepared the Climate Change Vulnerability Assessment 
(CCVA) for the Gila NF (Triepke 2015). This is an ecosystem-based vulnerability assessment for all major 
upland ecosystems in Arizona and New Mexico based on the anticipated effects of climate change. Four 
vulnerability categories are reported: low, moderate, high and very high. Vulnerability categories are 
accompanied by uncertainty categories to account for difference in climate model predictions. These 
uncertainty categories are low, moderate and high. Vulnerability and uncertainty results are summarized 
at the ERU, Forest and local unit scales. Vulnerability is also summarized by subwatershed, but these 
ratings are not accompanied by uncertainty ratings. Although riparian systems were not specifically 
analyzed, some inferences can be made related to their vulnerability based on the subwatershed 
summary. 

Essentially, the CCVA describes the relative susceptibility of an ecological type conversion (Triepke 2015). 
The conversion of a mixed conifer-frequent fire type to a Gambel oak shrubland type, or montane 
grassland, or a ponderosa pine-willow type to a ponderosa pine type would be an examples of ecological 
type conversions.  

The CCVA provides a means to account for climate change predictions in forest planning and modify risk 
assessments to reflect those predictions. While climate change is a stressor largely outside the control of 
Gila NF management key climate change factors may be addressed by: 

 Enhancing adaptation by anticipating and planning for disturbances from intense storms 

 Reduce vulnerability by maintaining and restoring resilient native ecosystems 

 Increase water conservation and plan for reductions in upland water supplies 

 Avoid management actions that could exacerbate the effects of drought 

 Anticipate increased demand for forest resources 

 Monitoring climate change influences 
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Table 187 summarizes the CCVA results for the Forest’s upland ERUs at the plan and local scales, followed 
by Figure 152 providing the watershed vulnerability ratings and Table 188 summarizing the watershed 
ratings on an area weighted basis for the Forest’s riparian ERUs. If no ratings were generated for a 
particular ERU or unit, the table cell is blank; otherwise “L” indicates low, “M” indicates moderate, “H” 
indicates high and “VH” indicates very high.
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Table 187. Ecological Response Units of the Gila NF and the summarized Climate Change Vulnerability Assessment vulnerability and 
uncertainty ratings 

ERU Name 

ERU 
Percent of 

Gila NF 

Local Units 
 

Gila NF 
 (Plan Unit) Apache Black Range 
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Spruce-Fir Forest 1         VH L VH L VH L 
Mixed Conifer with 

Aspen 2 M-H M H-VH L-M     M M M-H M-H M-VH L-M 

Mixed Conifer-
Frequent Fire 11 M M-H H-VH L-M M-H M-H H-VH L-M M M M-H M M-H M 

Ponderosa Pine 
Forest 19 M M H M M-H M VH L M-VH L-M M-H M M-H M 

Ponderosa Pine 
Evergreen Oak 12 M M-H M-H M M M M M-H M-H M M M M M 

Madrean Piñon-Oak 
Woodland 1         L M   L-M M 

PJ Evergreen Shrub <1               
PJ Woodland 26 L-M M   L M H M M M L M L-M M 

PJ Grass 9 M-H M M M L M H-VH L-M M-H M M-H M M M 
Juniper Grass 3       H M M M M M-H M-H M 

Mountain Mahogany 
Mixed Shrubland 5   L M   M-H M L M L-M M L-M M 

Montane Subalpine 
Grassland 3 M M-H M-H M M M-H     M M M M-H 

Colorado Plateau 
Great Basin Grassland 3 M M-H   L-M M-H M-H M VH L   M M 

Semidesert Grassland 2 L-M M     M M M M   L-M M 
Unit Total  L-M M M M M M M M L-M M M-H M M M 
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Figure 152. Climate change vulnerability categories by watershed 
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Table 188. Climate change vulnerability ratings for Gila NF riparian ERUs 
   Percent of ERU by Subwatershed Vulnerability Rating 

Ecological Response Unit Moderate High Very High 
Arizona Alder-Willow 48 52 0 

Arizona Walnut 89 11 0 
Desert Willow 68 32 0 

Fremont Cottonwood-Shrub 94 6 0 
Herbaceous Wetland 93 7 0 

Walnut-Ponderosa Pine 100 0 0 
Narrowleaf Cottonwood-

Shrub 
77 23 0 

Ponderosa Pine-Willow 100 0 0 
Sycamore-Fremont 

Cottonwood 
75 25 0 

Upper Montane Conifer-
Willow 

74 26 0 

Willow-Thinleaf Alder 56 44 0 

Overall, most of the Forest’s uplands fall into the moderate vulnerability and uncertainty categories. 
Vulnerability depends on the range of climatic conditions under which a given plant community can persist 
and the projected climate for a given location. The Spruce-Fir Forest ERU has the highest vulnerability to 
climate change with the lowest degree of uncertainty. This is due to the narrow range of climatic conditions 
on the Forest that support this community and climate projections that predict those climatic conditions 
over less area, if any of the Gila NF in the future (Triepke 2015). Those ERUs that can tolerate wider ranges 
of climatic conditions tend to have the lower vulnerability. In general, vulnerability also tends to increase 
with elevation.  

Watershed vulnerability, at the subwatershed scale (6th level) is a composite of the upland ERUs contained 
in those watersheds (Triepke 2015). These vulnerabilities were summarized at the watershed scale (5th 
level). The Headwaters Burro Ciénega watershed is the only watershed containing area within the very 
high vulnerability category. This is primarily a reflection of projected climate change within that watershed, 
rather than the ERUs it contain, as it is a lower elevation watershed and none of the very high vulnerability 
ERUs occur in this watershed. This is also the case for Headwaters and Outlet San Vincente Creek, and 
Outlet Burro Ciénega watersheds. In general, watershed vulnerability is greatest at both the highest and 
lowest elevations on the Forest. For the remaining watersheds with areas of high vulnerability, it is a 
combination of projected climate within those watersheds, and the vulnerabilities associated with the 
upland ERUs those watersheds contain. The riparian vulnerability reflects the vulnerability of the 
watersheds with which a given ERU is located in, not a direct assessment, therefore, the same factors 
affecting watershed vulnerability ratings apply. For example, Arizona Alder-Willow and Willow-Thinleaf 
Alder have larger percentages of contributing watershed area in the high vulnerability category because 
they occur in watersheds that contain high vulnerability upland ERUs and/or projected climate within 
those watersheds is outside the range of climatic conditions that are suitable for those upland ERUs. 

Water Supply and Demand 
Water directly or indirectly influences all resources. The quantity, distribution, timing and duration of 
water supplies are both characteristics for analysis (see Chapter 6: Water) and a system driver. In the arid 
and semi-arid Southwest, the relationship between water supply and demand is a system stressor. The 
right to use water, and the allocation of that right are administered by the State. Water use is outside of 
the Gila NF’s authority and ability to control.  
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Prior to European settlement, Native Americans used surface water for domestic and irrigation purposes. 
Extensive water controls in the form of irrigation diversions and canal systems across New Mexico have 
been associated with this time period (Harris 1984). It is assumed that water demand did not exceed 
supply except in times of severe drought. 

The arrival of the Spanish brought with it an increased demand for water and a European system governing 
the use of water. This system involved the formation of acequias, or community ditches. Under that 
system, the ditch master granted the right to use water and delegated maintenance duties (Harris 1984).  

Beginning in the last half of the 19th century as populations increased and technology developed, irrigation 
projects became increasingly large in size and scope, upland water sources were created to improve 
livestock management, and groundwater began to supplement surface water supplies. Other industries 
such as mining also increased the human demand for water. 

There are currently 30 acequias or community ditches that depend on water that flows from the Forest. 
According to the watershed condition classification water quantity indicator, the cumulative effects of 
these relatively small irrigation diversions alter natural streamflow patterns, reduce streamflow, and 
contribute to aquatic habitat fragmentation in roughly 12 percent of all subwatersheds. An estimated 49 
percent of springs occurring on the Gila NF have been developed for livestock waters. 

In addition to water contained in naturally occurring features such as streams, springs, seeps and wetlands, 
water is provided by the Forest through constructed features, such as waterbodies and wells. Waterbodies 
on the Gila NF are nearly all constructed features, although a few natural depressions that may hold water 
seasonally do occur. Most waterbodies are earthen tanks built to provide livestock water (stock tanks), 
with a secondary benefit of providing water to wildlife. Not all stock tanks hold water year round, some 
are poorly located or designed, and many are in need of maintenance. The most reliable livestock tanks 
are associated with areas of groundwater discharge. A few have been stocked with non-native fish for 
recreational purposes by the New Mexico Department of Game and Fish (NMDGF). NMDGF also 
constructed, and has the management responsibility for dams that create the three lakes or reservoirs 
located, entirely or in part, on the Forest for recreational fisheries purposes. These lakes are Quemado 
Lake, Snow Lake and Lake Roberts. Similarly, wells constructed on the Gila NF are mostly to provide 
livestock water, with the exception of 15 drinking water systems associated with recreation and 
administrative sites (see Chapter 14: Infrastructure).  

The Forest does not have an inventory of storage capacity and condition related to all stock tanks located 
within its boundaries, but is currently conducting an inventory in the Gila-San Francisco River basin (3rd 
level), which includes the Upper Gila, Upper Gila-Mangas and San Francisco subbasins (4th level). The 
Forest is also lacking a complete water rights inventory. In general, there are relatively few wells located 
within the Gila NF. Similarly, there are relatively few stock tanks located on Forest in most plan area 
watersheds with the exception of those watersheds that are located primarily on Forest, or have few 
naturally occurring surface water resources. Appendix D contains a table based on information from the 
NHD and New Mexico, Arizona, and Texas Offices of the State Engineers about the number of waterbodies 
and wells within the context and plan areas, both on and off-Forest. 

Although local populations in southwestern New Mexico are projected to remain stable over the next 
several decades (UNM-BBER 2014), the supply of and demand for surface water is regional in nature. 
Climate change, coupled with one of the fastest growing regional populations in the nation, may present 
major management challenges in the Southwest.  

Work by Christensen and Lettenmaier (2006) predicts precipitation across the context area is to drop by 
5-10 percent by 2100. Such a decrease in precipitation could have a more serious impact than the numbers 
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suggest. The decrease of water draining from the landscape into rivers and reservoirs typically can be 
double or triple the proportional reductions in rainfall amounts, especially when combined with higher 
temperatures, which leads to increased evaporation (Christensen and Lettenmaier 2006). It has been 
estimated that just over four percent of New Mexico’s precipitation is delivered to streams, and then 30 
percent of that four percent is transpired by streamside vegetation (McLean 1981).  

Recent warming in some areas of Southwest is occurring at a rate that is among the most rapid in the 
nation (Seager et al. 2007), and significantly higher than the global average in some areas. Overall water 
quantity on the Gila and San Francisco rivers has been predicted to decrease between six and 11 percent 
between 2040 and 2070 (Gori et al. 2014).  

In a drought of the magnitude of the worst one-year drought on record, water demand may exceed supply 
by 68 percent. In the five-year scenario modeled after the worst drought in the historical record, water 
demand in Arizona could exceed supply by 67 percent, and in the ten-year scenario, demand may exceed 
supply by 59 percent (Lenart 2007). In the Southwest, intense debate will likely continue over water 
allocation. As supplies become increasingly scarce, trade-offs among competing uses could potentially 
lead to conflict. 

Indeed, this is happening as illustrated by the Arizona Water Settlements Act (AWSA) which approves the 
consumptive use of an additional 14,000 acre-feet of water from the Gila and/or San Francisco rivers, their 
tributaries, and groundwater sources in New Mexico. The AWSA has polarized communities over proposals 
for a diversion project on the Gila River and potentially placed ecological flow needs and human demands 
into direct conflict (Gori et al. 2014). 

Even without considering climate change or ecological flow needs, more water has been committed to 
users in the Southwest than is available (Phillips et al. 2011; Unruh and Liverman 2013). The increased 
severity and duration of drought predicted as a result of climate change could very well lead to decreased 
water availability in streams, springs, lakes and earthen tanks on the Forest. This would likely alter patterns 
of use by livestock and wildlife and reduce carrying capacity.  

A smaller supply of surface water will inevitably lead to an increased demand for groundwater, which is 
not widely developed on the Forest. Although the Office of the State Engineer has recently required meters 
be installed as existing wells are deepened or new wells are drilled, there is not enough data over a 
sufficient period of time to understand groundwater supply and demand in the planning area. However, 
the New Mexico Water Resources Research Institute at New Mexico State University has estimated that 
73 percent of the groundwater withdrawals made state-wide constitute depletion (Unruh and Liverman 
2013). According to a 1997 USGS investigation, 76 percent of groundwater withdrawals constituted 
depletion in Catron County (Basabilvazo 1997). Depletion means water is being withdrawn faster than the 
rate of recharge. Groundwater withdrawals can impact streamflow. Groundwater recharge and discharge 
are assessed as a key characteristic in Chapter 6: Water. 

There has been, and remains considerable interest in the potential of forest thinning to increase water 
yield across the scientific community, within land management agencies and with Gila NF stakeholders. 
Results of watershed experiments conducted in the Southwest indicate that mechanical restoration of 
piñon-juniper woodlands or mechanical conversion of these woodlands to herbaceous covers have little 
effect on water yields (Ffolliott and Gottfried 2012). This holds true for all ecological types receiving less 
than 18 inches of precipitation per year or where the total annual precipitation is less than potential 
evapotranspiration (Ffolliott and Gottfried 2012; Gottfried et al. 2008).  

Potential evapotranspiration (PE) is a measure of the ability of the atmosphere to remove water from the 
surface through evaporation and transpiration, assuming unlimited water supply. It changes hourly, daily, 
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monthly and annually. PE increases with exposure to solar radiation and wind, higher temperatures and 
lower humidity. All of these things can result from decreases in vegetative cover. The predicted and 
observed increases in temperatures across the planning area, discussed in the previous sections on climate 
and climate change, will also result in higher PE.  

Where total annual precipitation is greater than PE, relatively small and short-lived increases in water yield 
may occur until re-growth (Ffolliott and Gottfried 2012; Gottfried et al. 2008). However, those increases 
may be economically significant in arid regions (Simonit et al. 2015). Recent work conducted on the 
Mogollon Rim in Arizona by Moreno et al. (2016) suggests that increased water yield may be more a 
function of soil compaction rather than reductions in evapotranspiration. This study also concluded that 
in the Southwestern climate, increases in streamflow as a result of mechanical thinning are likely to be 
realized during the winter months, but during summer months may lead to drier conditions. Additionally, 
increases in water yield (i.e. streamflow) are likely offset by decreases in storage (e.g. soil moisture). This 
may increase ecosystem vulnerability to the hydrologic conditions and extremes expected with climate 
change (Moreno et al. 2016).  

Natural Vegetation Succession 
Natural succession is a system driver. It is the progressive change in species composition and structure 
over time. Early successional stages, or seral states, are often dominated by small, disturbance adapted, 
short-lived, poorly competitive, non-woody species such as annual forbs and grasses. These species take 
advantage of available space, nutrients and sunlight in the absence of more competitive, perennial species 
after disturbance. As succession proceeds, soil nutrients accumulate, those nutrients are converted into 
plant biomass and the dominant species shift toward larger, longer-lived species that are better 
competitors for space, nutrients and sunlight. For example, in forested systems this progression might 
include a shift to shrubs, then to shade-intolerant tree species, and eventually shade-tolerant tree species. 
Disturbances like wildfire, drought and grazing can interrupt or reverse succession.  

Disturbances like wildfire, drought, unmanaged grazing and herbivory by wildlife and livestock grazing can 
interrupt or restart succession. After such disturbances, successional processes may span upwards of 
decades or centuries before conditions are suitable and the pre-disturbance vegetation communities 
begin to re-establish. For example, areas of mixed conifer that experienced stand replacement fire in the 
1950s McKnight Fire that were dominated by Gambel oak and New Mexico locust, were just beginning to 
see the establishment of conifer seedlings and saplings prior to being burned again in the 2013 Silver Fire. 
Climate change and the associated changes in disturbance regimes such as drought and fire, are likely to 
alter the outcomes of vegetation succession (Savage and Mast 2005; Savage et al. 2013; Swetnam and Falk 
2015), as discussed in the previous subsection on climate change.  

Reference and Current Disturbance Regimes 
Fire 
Fire is an integral part of many ecosystems across the western United States and on the Gila NF. Wildfire 
frequency and effects vary from short return intervals and low severity to long return intervals and high 
severity. In fuel types where fires historically burned frequently, like ponderosa pine, the interaction 
between pattern and process was integral in maintain characteristic species composition, structure and 
spatial pattern. That is, frequent fires removed surface fuels, but maintained forest structure that 
encouraged continued low-severity fires (Reynolds et al. 2013). In other systems, like spruce-fir forest or 
piñon-juniper woodlands, fire was less frequent and had less influence on stand structure, but may have 
significantly influenced landscape scale patterns.  

Native Americans both managed fire as a tool and suppressed it during the reference time period 
(Liebmann et al. 2016; Williams 2000). However, the extent and frequency of fire use and fire suppression 
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patterns on the Forest prior to the arrival of Europeans remain largely unknown. However there is some 
evidence to suggest it was not extensive in upland systems (Abolt 1997). In some riparian areas, such as 
the Mimbres River valley, Native Americans used fire to clear riparian zones for agricultural purposes 
(Williams 2000; Schollmeyer 2005) to the extent that some riparian tree species may have gone locally 
extinct (Schollmeyer 2005).  

The arrival of Europeans and the decline in Native American populations introduced changes in land 
management that began to alter fire regimes in complex ways. This included an increase in woody 
vegetation (Liebmann et al. 2016). At the turn of the 19th century, the policy of fire suppression contributed 
to an increase in woody vegetation and fuel loading. Livestock grazing practices reduced herbaceous 
vegetation (fine fuels) and contributed to an increase in woody vegetation as a result of reduced 
competition for water and nutrients (Boucher and Moody 1998; Dahms and Geils 1997; Rummel 1951; 
Madany and West 1983; Savage and Swetnam 1990; Smith 2006b, among others). These changes in 
vegetative cover altered fuel types and distributions, as well as nutrient availability, distribution and 
cycling. 

Each ERU has evolved under a specific fire regime to adapt to the frequency and severity of fire 
characteristic in that ERU, such that ecological integrity is maintained over time. Fire may either restart 
the successional process by establishing an earlier seral state as in infrequent fire systems (e.g. spruce-fir), 
or maintain a given seral state, as occurs in frequent fire systems (e.g. ponderosa pine).  Multiple 
interacting influences may alter an ERU’s fire regime; some are legacies of past human impacts, while 
others are still evolving. A history of fire suppression and overgrazing, leading to a lack of fine fuels to carry 
fire, has resulted in fewer fires since the late-1800s. The subsequent accumulation of live and dead fuels 
in some ERUs has created the potential for larger and more severe fires (Kaufmann et al. 1990). Tree 
mortality from drought or insect and disease outbreaks contributes to fuel accumulation. Into the future, 
according to Westerling et al. (2006), changing climate is expected to continue to lengthen the fire season 
and favor larger, more frequent fires. Thus, prescribed or natural fire may be either a driver or a stressor, 
depending on whether its effects are characteristic of the system or not. Large extents of high and 
moderate burn severity are in many cases stressors, because their effect can degrade the integrity of the 
system, and may convert the system to a condition that may never recover to pre-fire conditions (Savage 
and Mast 2005; Roccaforte et al. 2012; Savage et al. 2013). Fire regime (frequency and severity) is an 
upland vegetation characteristic analyzed at the ERU scale in Chapter 2: Upland Vegetation.  There is not 
sufficient information related to the natural role of fire in riparian systems to provide for such an analysis.  
Altered fire regimes can contribute to climate-changing greenhouse gases, provide a pathway for 
establishment and/or spread of invasive plant species, alter watershed conditions and present a direct risk 
to biodiversity and human habitation (Shlisky et al. 2007).  

Since the Gila NF become one of the first national forests to begin using fire as a tool in the mid to late 
1970s (Boucher and Moody 1998), approximately 875 prescribed burns are documented in the Forest’s 
Fire History database, totaling 408,886 acres. Between 1996 and 2014, the Forest averaged 11,326 acres 
of prescribed burning per year (see timber section of Chapter 11: Multiple Uses). Over 1,400 wildfires have 
been managed on an additional 564,891 acres, putting fire on the equivalent of 30 percent of the Forest. 
The actual acres of prescribed and wildfire use fires are greater than this amount, but prior to 1984, most 
of the records remain as hardcopy and have not been entered into the Fire History database.  Additionally, 
the fire history data does not include severity information and does not provide a picture of what 
happened within these fire perimeters.  Also, some of these acres included in the database may have 
burned more than once. The Gila NF does not prescribe burning of riparian areas.  

Fire severity, pattern and extent determine post-fire soil and watershed effects. In general, prescribed fire 
has minor and relatively short-term negative effects on watershed condition as severities are typically 
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lower than those associated with wildfires. Over the long term, prescribed fire can have positive effects as 
it reduces the risk of larger, more severe wildfires. High burn severities result in removal of vegetative 
canopy and ground cover, soil organic carbon and nutrient loss, and alteration of soil properties and 
function (Busse et al. 2014). These things can occur at moderate severity as well, depending on the degree, 
depth and length of time at which soil heating occurs. High burn severities are typically associated with 
relatively long return interval, stand replacing wildfires.  Low severity fire can also impact soil quality in 
both positive and negative ways depending on a variety of site specific factors, and the frequency at which 
the site is burned. These negative effects can be mitigated by planning for and integrating fuel and soil 
quality objectives (Busse et al. 2014). 

Following moderate to high severity fire, watershed responses include: accelerated erosion and sediment 
delivery to stream channels; increased peak flow and stream power; changes in stream channel geometry, 
gradient and elevation; removal of riparian vegetation; long and short-term impacts to the quantity and 
distribution of large woody debris in stream systems; and water quality impacts. There is also an increased 
risk of invasive and/or noxious weed populations becoming established and/or expanding. The amount of 
time it takes for watersheds to stabilize depends burn severity, topography, geology, soils, vegetative 
species present pre-fire, post-fire treatments and precipitation patterns. In some areas, livestock 
management practices and/or concentrated use of burned areas by elk can also affect the rate of 
watershed recovery.  

According to the Gila NF’s Fire History and the Monitoring Trends in Burn Severity (MTBS) dataset, there 
have been a total of 2,502 wildfires where suppression was the management strategy. These wildfires have 
burned over a million acres. About 884 of these fires and half of these acres burned between 2011 and 
2013. Large fires in this time frame include the 2011 Miller and Wallow, 2012 Whitewater Baldy Complex, 
and 2013 Silver Fires. The Wallow Fire burned primarily on the neighboring Apache-Sitgreaves NFs, but 
burned almost 16,400 acres on the Gila NF with 12 percent at high or moderate severity. The Miller  
Fire burned 84,817 acres in 10 fifth-code watersheds with 25 percent at high or moderate severity. The 
Whitewater Baldy Fire, the largest fire in New Mexico history, burned 307,052 acres in 26 watersheds, 
again with 25 percent at high or moderate severity. The Silver Fire burned 140,839 acres in 23 watersheds 
with 48 percent at high or moderate severity. Overall, high and moderate burn severities have increased 
over the last several years, accounting for 29 percent of all burned acres in the 2010-2014 time period, as 
opposed to the 19 percent in the 1984-1999 time period and 16 percent in the 2000-2009 time period. 
Since 2000, 83 percent of the Spruce-Fir Forest, 60 percent of the Mixed Conifer with Aspen and 25 percent 
of the Mixed Conifer-Frequent Fire have burned at high or moderate severity with the vast majority of 
these acres burning in the Whitewater Baldy Complex and Silver Fires. Prior to these fires, the historical 
size of high severity fire in the upper elevation mixed conifer and spruce-fir forests in the wilderness could 
be estimated based on the extent of quaking aspen stands. Aspen stands within the Whitewater Baldy 
Complex Fire perimeter ranged in size from between 14 and 254 acres, and in age from between 59 and 
264 years old (Abolt 1997). 

The increase in the number and size of fires are consistent with climate change predictions. In general, 
these trends are expected to continue across the Southwest. However, due to recent wildfire activity, the 
probability of the Gila NF to experience large, high severity fires in the near future has been reduced (Parks 
et al. 2014 and 2015a), but not eliminated. Recent studies including those in the Gila and Aldo Leopold 
Wildernesses concluded that the ability of burn scars to limit the occurrence of fire on the Forest may last 
approximately nine years (Parks et al. 2015b), the size of fires by two to six years depending on weather 
conditions (Parks et al. 2015a).  

Most wildfires on the Forest have been started by lightning with notable exceptions being the 1998 
Leggett, 2000 Saliz, 2006 Bear, and 2014 Signal fires. Although the area’s population is expected to remain 
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static over the next decade or more (UNM-BBER 2014), predicted increases in recreational use (Chapter 
12: Recreation) could lead to an increase in human started fires. Lightning strikes are predicted to increase 
with climate change (Reeve and Toumi 1999). 

Burned Area Emergency Response (BAER) teams have conducted 19 post-fire assessments on the Gila NF 
since 1995. Between 1995 and 2000, four of these assessments resulted in recommendations for seeding 
treatments. Approximately 1,300 acres were seeded with certified weed-free seed mix comprised of 
native and non-native annual and perennial species. The weed-free certification means that no species 
designated as noxious are present. After 2000, treatment recommendations included seeding on seven 
fires, and seeding and mulching on two: the 2012 Whitewater Baldy Complex Fire and 2013 Silver Fire. 
Seed mixes remained certified weed-free and included annual cereal grains, but no longer included non-
native perennials. Only native perennial grass species such as Junegrass, muttongrass, blue grama, 
sideoats grama, mountain brome, western wheatgrass, slender wheatgrass, Arizona fescue, squirreltail 
and little bluestem have been applied since that time. Sufficient quantity and diversity of local ecotypes 
have not been, nor are currently available to meet the volume requirements for BAER treatments. Seed 
was applied to approximately 59,000 acres. Seed and straw mulch, also certified weed-free, was applied 
to approximately 18,800 acres. The certification process for straw mulch is not as rigorous as for seed, 
which is genetically tested in a laboratory and delivered with a report of the species contained in a given 
package. Straw fields are currently subject to a walk through inspection 10 days prior to harvest in order 
to receive certification (NMSU 2011). 

Treatment effectiveness monitoring of seeding, and seeding and mulching has varied in its rigor and 
duration. Monitoring methods have included viability testing of the native seed bank, visual inspection, 
repeat photography, quantitative canopy, groundcover and species data collection, and/or measurement 
of soil loss rates using sediment traps or erosion bridges. The most rigorous monitoring efforts include the 
1998 BS, 2013 Silver and 2014 Signal Fire treatments. The Plant Materials Center in Los Lunas, New Mexico 
tested the viability of the native seed bank on the 1998 BS Fire. This testing demonstrated very low to no 
viability (USDA FS Gila NF 1999). Although it is not possible to completely eliminate accelerated post-fire 
erosion, monitoring has documented treatment effectiveness in keeping more soil in place after high 
severity fire (USDA FS Gila NF 1999, 2013b and 2014a). Interim reports for the Silver and Signal Fire 
monitoring efforts are available upon request. The final monitoring report associated with the 2013 Silver 
Fire is expected in 2017, with the 2014 Signal Fire’s final report due in 2018. These monitoring efforts 
include the effect of treatments on soil loss, natural recovery (i.e. establishment of native species and 
successional processes) and the establishment invasive or noxious weed species. As with the interim 
reports, the final reports will be available upon request. 

Fire characteristics and impacts in riparian areas are different than those in adjacent upland ecosystems, 
however there are also similarities. Effects depend on the relationships between fire frequency, severity 
and timing, climate conditions, vegetation community and landscape characteristics, as well as position 
within the watershed. With few exceptions, the current scientific understanding is that natural fire 
frequency and severity in riparian areas are less than surrounding uplands. Fires occur less often and at 
lower severity largely because of higher fuel moisture, soil moisture and relative humidity. Riparian areas 
are more susceptible to fire related impacts because of their high edge to area ratio (Pettit and Naiman 
2007; Dwire and Kauffman 2003). 

Landscape features such as topography, watershed position and aspect are also important factors. Steeper 
toe slopes leading into the valley floor tend to restrict the movement of fire into and through the riparian 
zone, contributing to longer fire return intervals, whereas shallower valleys tend to have return intervals 
closer to those of the adjacent upland ecosystems (Pettit and Naiman 2007). Fire frequency also tends to 
increase with decreasing valley width, making the period between fire shorter in headwater streams in 
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the higher elevations of the watershed, and longer at middle and lower watershed elevations. Aspect 
influences burn patterns associated with fires entering riparian zones from the uplands, as cooler and 
wetter north slopes do not typically burn as often as south facing slopes. In some areas riparian community 
structure exerts a stronger influence over fire return intervals than landscape features. This includes where 
trees have been removed from riparian areas. Where canopy gaps are created, fuels dry out quicker and 
may decrease the fire return interval and increase severity (Pettit and Naiman 2007; Dwire and Kauffman 
2003). 

Timing, as it relates to pre- and post-fire climate conditions, is an important determiner of ecological 
effects. Fires that occur early in annual dry periods tend to be lower in terms of severity and negative 
impacts as fuel and soil moisture remain relatively high. Fires that occur late in annual dry periods tend to 
occur at higher severity and ecological impact, as fuel and soil moistures are at their lowest. Periods of 
drought magnify both fire risk and severity when it does occur. It can also reduce the ability of species to 
recover from fire disturbance (Pettit and Naiman 2007; Dwire and Kauffman 2003).  

Most riparian species are disturbance adapted. The ability to re-sprout following disturbance is an 
important characteristic following fire. Re-sprouting allows for rapid regeneration of the riparian 
community as this mode of reproduction is not dependent on the timing of seed dispersal and flooding. 
Seed longevity is typically short for these species, with germination and seedling establishment dependent 
on the timing between seed dispersal and the floods that prepare the seedbed and maintain adequate 
soil moisture (Gori et al. 2014). These events do not occur with any annual regularity.  Shifts toward earlier 
and shorter snowmelt runoff periods, discussed in Chapter 6: Water, have enormous implications for 
riparian reproduction by seed. 

While cottonwoods, willows, alders, sycamore may re-sprout after fire (and flood) in some regions and 
circumstances, willows are the only species that have been observed to re-sprout after fire with any 
reliability on the Gila NF. Although this has not been documented quantitatively, it has been widely 
observed that Fremont and narrowleaf cottonwood, sycamore and alder do not typically re-sprout after 
fire. This is of particular concern in alder communities as their thin bark makes them highly susceptible to 
mortality, even at low severity, and are largely single age-class communities. On the other hand, saltcedar 
is fire adapted, re-sprouts readily and can therefore displace native riparian vegetation more efficiently in 
the post-fire environment.  

Prescribed fire and wildfire use are projected to increase with the continued emphasis on the restoration 
of fire to fire-adapted ecosystems. However, forest management and the public should not expect to 
completely restore the historic fire regime given altered fuel characteristics, climate change and 
operational, budget, policy and political constraints. The two most important factors for determining fire 
regimes are vegetation type and weather and climate patterns (Sommers et al. 2011). Changing climate 
regimes may not support historic fire regimes or vegetation types.  

There is some evidence suggesting that the higher temperatures predicted to occur with climate change 
may lead to increasing trends in fire related tree mortality, independent of fire intensity (van Mantgem et 
al. 2012). This might mean that fire intensities that did not result in tree mortality in the past, could be 
expected to result in tree mortality in the future. Furthermore, research suggests that historic return 
intervals under a changing climate, without thinning, could result in a decline in some forest types, while 
longer than historic intervals (e.g. 20 years instead of 5 years in the ponderosa pine) could provide for the 
long term maintenance of restoration treatments (Diggins et al. 2010). Fire and climate change 
interactions are the subject of many scientific studies in progress that will produce information and 
technology to inform fire management into the future. In late 2016, the 3rd Southwest Fire Ecology 
Conference: Beyond Hazardous Fuels: Managing Fire for Social Economic and Ecological Benefits, provided 
several examples: Parks and others are currently conducting a study on fire facilitated ecological type 
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conversions under climate change, including a high resolution, high severity burn probability map (Parks 
2016); Iniguez and others are studying the effects of subsequent fire in areas previously burned at high 
severity (Iniguez 2016); and Hurteau and others are studying the effect projected climate scenarios might 
have on post-fire vegetation dynamics (Hurteau 2016). All of these studies, and others, will provide a 
better understanding of potential management outcomes as climate change progresses. 

While the best available science utilized in this assessment is based multiple corroborating lines of 
evidence, a need for a wider spectrum of reference condition datasets across environmental gradients has 
been identified in General Technical Reference (GTR)-310 (Reynolds et al. 2013). Return intervals are 
described by vegetation type and only indirectly account for soil, slope, elevation, aspect, topography and 
local climate variability within those vegetation types. All of these things have been directly or indirectly 
identified as important variables in pre-settlement fire regimes and in some cases, more important than 
vegetation type (Abolt 1997; Baisan and Swetnam 1990; Parks et al. 2015; Rollins et al. 2000). 

There has been some relevant data collected on the Gila NF, only in the Gila and Aldo Leopold wildernesses 
for the Ponderosa Pine, Mixed Conifer-Frequent Fire, and Mixed Conifer with Aspen ERUs, and to a very 
limited extent, the Spruce-Fir Forest (Abolt 1997; Baisan and Swetnam 1990; Rollins et al. 2000). These 
data are embedded in the fire regime reference conditions for those ERUs, but the estimates also include 
data from other locations across the Southwest. Recent work by Korb et al. (2013) suggests a need for 
caution when using fire return interval and forest structure information from specific localities and 
applying it elsewhere, particularly in warm/dry mixed conifer forests. While such information might 
generate too fine-scale a portrait for use in forest plan revision, where these local data are available they 
can be used to guide project-level planning in the future. 

Fire has and will remain the most important management tool in supporting sustainable, fire-adapted 
ecosystems in the face of climate change (Fulé 2008; Tarancón et al. 2014). Accounting for site specific 
variability in reference forest structure and fire frequency may become increasingly important given 
climate change projections of larger and more frequent wildfires (Korb et al. 2013). Increasing frequency, 
intensity and duration of drought conditions expected to accompany climate change may also reduce the 
frequency and duration of weather conditions favorable for prescribed burning (USDA FS 2016h). Future 
forest management will be faced with finding a balance between actions or inactions to resist climate 
change impacts to protect highly valued resources, those that create resilience or those that facilitate the 
vegetation type conversions expected to accompany climate change (Millar et al. 2007).  

Non-Fire Vegetation Management Activities 

Non-fire vegetation management activities, either mechanical, manual or chemical, are a system stressor. 
However, they may act as a system driver for a limited set of vegetation related ecosystem characteristics 
if they move conditions toward the natural range of variability. Many of the negative ecological impacts 
that can potentially result from these activities can be mitigated with adequate planning and effective 
implementation of Best Management Practices (BMPs). These activities also provide forest products and  
economic benefits; have the potential to reduce fire behavior and therefore the ecological costs of 
uncharacteristic wildfire; may reduce the socioeconomic costs associated with fire suppression; and can 
provide options for fire management when they are strategically located. 

Chemical vegetation management activities are discussed in the pesticide use section of this chapter. 
Manual activities include harvesting of trees for fuelwood, construction or hazardous fuel reduction 
purposes using hand-held equipment like axes or chainsaws. Mechanical activities include but are not 
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limited to: timber harvest, non-commercial thinning and pushing, chaining or mastication42 of woody 
vegetation using heavy equipment such as backhoes, skidders, bulldozers etc. Mechanical activities alter 
the structure and composition of vegetative communities on a larger scale than is possible with manual 
activities. At this larger scale, these activities may be used to move vegetative communities toward or 
away from reference condition; however, they do not replicate the ecological functions associated with 
the reference fire regime. They have the potential to disrupt soil hydrologic function, stability and nutrient 
cycling as heavy equipment causes surface or subsurface soil compaction or other detrimental changes in 
soil structure, disturbs the vegetative groundcover important for soil stability or in the case of mastication, 
can produce thick layers wood mulch that may delay the establishment of herbaceous species. Any of 
these practices prepare a seedbed that may favor woody species (Severson 1986) and some can also result 
in displacement, redistribution and/or mixing of the topsoil with less productive subsurface soils.  

Compaction is generally the greater concern, where these activities take place on level ground.  
Compaction results in a change in soil structure and reduction of pore space and rooting depth. This alters 
the patterns of air and water exchange between the soil and atmosphere, reducing infiltration, soil 
moisture holding capacity, rooting depth, soil microbial activity and nutrient cycling. Soils with higher clay 
content are more susceptible to compaction, as are those that are wet at the time the activity occurs. The 
pounds of equipment per square inch of soil and operator skill are additional factors contributing to the 
degree of soil disturbance. Freeze-thaw action is a natural process that can break up compaction. 

Non-fire vegetation manipulation prior to European settlement was limited to small-scale manual 
activities with non-motorized equipment. Similar to the previous discussion regarding Native American 
use of fire on the Gila NF, impacts were likely greatest in riparian areas as there is evidence that Native 
Americans harvested some riparian species for construction purposes to the extent that some may have 
gone locally extinct (Schollmeyer 2005). Despite the ecological values and ecosystem services provided by 
riparian vegetation, there was a time after European settlement when it was widely viewed as undesirable 
and even hazardous. Riparian species were targeted for removal, although how much of this was 
accomplished through fire versus non-fire treatments is not well known or described in the literature.  

In the present time, the viewpoint that riparian vegetation is undesirable, is still held by some members 
of the public, as expressed during the assessment. This viewpoint originated owing to the fact that riparian 
vegetation slows water and spreads it out across a wider area which influences where flooding impacts 
occur. Human infrastructure and other values that occur upstream have a higher flood hazard, while those 
values downstream have a lower hazard. Riparian vegetation also uses relatively high volumes of water 
and occupies land often suitable for farming (Webb et al. 2007).  

There is also a long history of mechanical vegetation treatments in the upland systems of the Gila NF. After 
the establishment of the Gila River Forest Reserve in 1899, the USGS sent Theodore Rixon to complete an 
inventory and examination of resources and conditions. Rixon described logging operations as having 
endangered the remaining stands by increasing the losing them to fire and/or exposure to wind and 
drought (1905). Since that time, lumber production continued to increase, but logging practices 
presumably improved. After 1952, New Mexico lumber production declined dramatically and further 
declined after 1996 due to forest plan amendments that incorporated guidance for northern goshawk 
habitat and Mexican spotted owl recovery (USDA FS 1996; see timber section of Chapter 11: Multiple 
Uses).  

                                                      
42 Pushing refers to uprooting individual trees with heavy machinery. Chaining refers to uprooting multiple trees with a chain 
secured between two pieces of equipment. Mastication refers to grinding, shredding or chopping of individual trees without 
uprooting.  
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Since 1996, thinning of upland vegetation on the Forest has been limited to relatively small timber sales, 
and post, pole and fuelwood harvest with total treatments averaging just under 18,000 acres per year (see 
timber section of Chapter 11: Multiple Uses). In the last few years, pushing of piñon-juniper has regained 
favor. Mastication is a method that has not yet been used on the Gila NF, but may be in the future. Because 
of the small number of acres treated annually, this disturbance regime is not currently a major stressor. 
However, in the future it may increase in significance as the emphasis on restoration continues.  

Intended outcomes of treatments are related to reductions in fuels and wildfire risk, wildlife habitat 
restoration, forest health restoration, watershed protection, and increased grass production.  

The Forest has not conducted quantitative, short or long-term treatment effectiveness or soil disturbance 
monitoring associated with non-fire vegetation manipulation. However, qualitative observations made 
across the Forest suggests variability in outcomes. Pre-treatment vegetative community composition and 
structure, soils, and site specific climatic conditions contribute to this variability. Decreases in canopy cover 
as a result of treatment has often produced increases in canopy cover and/or stems per acre of shade 
intolerant, re-sprouting species such as evergreen oak and alligator juniper43. While there is research 
demonstrating that thinning treatments followed by prescribed fire are more likely to be effective in long-
term restoration and ecosystem resilience than thinning alone (Covington et al. 2007; Tarancón et al. 
2014), the previous observations have been made where thinning treatments were followed by prescribed 
fire and where they were not.  

Graminoid responses are variable due to differences in the production potential of particular soils. A 
robust response by perennial grass species does not typically occur on shallow soils of many rhyolites and 
conglomerates, and on all shallow rhyolitic ash tuff. On soils with higher production potentials, increases 
in herbaceous cover do occur. Graminoid responses are also affected by the amount and timing of 
precipitation. 

Scientific information about the effectiveness of mechanical control of alligator juniper is limited as most 
of the research on piñon-juniper control is related to species that do not re-sprout. A study conducted on 
the Gila NF near Fort Bayard, NM included both one-seed and alligator juniper. One-seed juniper, and 
other shaggy bark junipers found on the Forest do not re-sprout. The Fort Bayard study concluded that 
there was no difference in tree density between top thinning and areas that were not treated within 13 to 
18 years. Treatments that involved uprooting and pushing trees over with a bulldozer had a slower rate of 
reestablishment of those tree species. The study demonstrated that no method of treatment produced a 
grass response, but did produce woody regeneration even though the area was not grazed during the 13 
year study period (Severson 1986). Herbicides may represent a cost effective means of controlling re-
sprouting and regeneration of woody species after these treatments, and limit soil disturbance. Recent 
work supported by New Mexico State Forestry indicates herbicide application significantly reduces re-
sprouting and regeneration of woody species after treatments (Boykin pers. comm. 2016), lengthening 
the time between initial treatment and any maintenance that might be needed. Therefore, herbicides 
represent a potential means to reduce soil disturbance.  

Vegetation treatments within riparian zones are limited to the restoration of the native riparian species. 
Activities include the removal of upland species where they are not part of the potential natural 
community, and planting of willow and cottonwood poles. Neither of these activities are being done at a 
large scale. Vegetation treatments in the upland portions of contributing watersheds also have the 
potential to impact riparian areas by altering the delivery of water, sediment and nutrients. 

                                                      
43 Juniperus deppeana 



Chapter 9. System Drivers and Stressors 

 
Gila National Forest Assessment Report – Final  448 

The increase in drought frequency, severity and duration anticipated with climate change has implications 
for these non-fire vegetation treatments as described (USDA FS 2016h).  While stand dynamics are 
complex and the need for additional research is recognized, continuing the same treatment strategy under 
a changing climate may increase the frequency of unintended and/or undesirable results. In general, 
thinning and treatments that promote uneven-age stands tend to promote resilience to drought. However, 
while thinning may benefit individual trees over the short term by decreasing competition and increasing 
the amount of precipitation that reaches the forest floor, over-thinning vulnerability to drought may 
increase in the long-term. Vulnerability may increase due to increased water demand by individual residual 
trees, higher understory water demand where thinning creates a denser understory, and increased 
evaporative losses due to warmer nature of the more open site (USDA FS 2016h). Increased evaporative 
losses may have the greatest impact in stands occurring on shallow soils as soil water holding capacity is 
lower. Over thinning also increases the probability of losing residual trees to blow down, particularly on 
shallow soils.  Thinning and/or burning shortly before or during drought tends to favor re-sprouting species 
such as alligator juniper and oak but may have negative implications for quaking aspen (USDA FS 2016h). 
The potential negative impacts of long-term alterations of stand-level hydrology resulting from over-
thinning and increased competition from re-sprouting species better adapted to drought conditions may 
also have implications for the natural regeneration of some conifer species. The likelihood of thinning 
treatments creating these conditions might be reduced through increased consideration of soils, geology, 
topography, and site specific stand structure and species composition. 

Herbivory 
Herbivory has been a disturbance regime in all ecological types both before and after the arrival of 
Europeans. In the reference time period, this disturbance regime was a system driver. In the current time 
period it is both a system driver and stressor. It is a driver when the timing, frequency, intensity, duration, 
and pattern are similar to those that existed prior to the introduction of domestic livestock, and a stressor 
when one or more of these characteristics are outside what occurred during the reference period. There 
is evidence that supports properly managed domestic livestock grazing can act as a system driver (Koerner 
and Collins 2014) in ecosystems where native populations of large, wild herbivores existed during the 
reference period but are greatly reduced or absent in the present. 

In pre-European times, native ungulate species such as deer, elk, pronghorn antelope and bighorn sheep 
grazed across the Gila NF, with populations being kept in check by predators, weather patterns and natural 
cycles of disease. Grazing and browsing by native species during the reference period differed in degree, 
location, pattern, diet, slope preference, time spent in a single area and ground disturbance (Currie 1977; 
Osmond et al. 2007). After the arrival of Europeans, native ungulate populations declined, and in the case 
of elk, were completely eliminated from the Forest. The introduction of domestic livestock grazing in the 
late 1800s is one of the events that marks the end of the reference period (Smith 2006b). 

Historically New Mexico rangelands were overstocked, primarily with cattle and sheep but also goats, 
burros and horses. Combined with drought, this resulted in deteriorated rangeland conditions. Evidence 
of these degraded conditions remain to this day. Examples include woody species encroachment and 
expansion, and gully erosion, although gully erosion also resulted from roads and trails (see roads and 
trails subheading). 

Permitted and authorized use have fluctuated in recent years. This is due in large part to the preference 
of the grazing permittee as an adaptive management response to drought conditions. Historic and current 
rangeland and grazing management is discussed in more detail in the range section of Chapter 11: Multiple 
Uses. As of 2001, an estimated 9,779 acres of riparian were excluded from livestock grazing, including 
roughly 210 acres of springs and wetland areas. 641 acres of riparian pastures had been created to better 
control livestock use and 1,445 acres of riparian were not grazed because the allotment was vacant. 
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Permits were not expected to be reissued at that time. Since 2001, an estimated 860 additional riparian 
acres were excluded and 184 acres of riparian pastures were created, bringing the current total to more 
than 10,600 acres excluded riparian, including 210 acres of springs and wetland areas. These exclosures 
were primarily created due to conditions in threatened and endangered species habitats in consultation 
with the US Fish and Wildlife Service (USFWS) based on Proper Functioning Condition (PFC) assessments 
or field observations by Forest Service and/or USFWS personnel. Riparian areas outside of proposed or 
designated critical habitat have also been excluded, or recommended for exclosure where poor conditions 
have been documented by PFC assessments. Monitoring of these exclosure and outcomes have largely 
been informal and qualitative and has occurred irregularly but noticeable improvements in riparian 
conditions are typically observed when those exclosures remain functional. 

Concerning the riparian acres not grazed because the allotment was vacant and the permit was not 
expected to be reissued, grazing is now permitted on two of those allotments and portions of another, 
while ten additional allotments are now currently vacant, bringing the total riparian acres not grazed for 
these reasons to 1,102.  

Herbivory has the potential to impact the composition (White 2002), structure and function of upland and 
riparian vegetative communities, and soil hydrologic function, stability and nutrient cycling. Composition 
and structure of a plant community are directly linked to qualities of wildlife habitat structure (Krausman 
et al. 2009) and ecological function (Printz et al. 2014). 

Reductions in vegetative canopy cover can reduce the above and below ground vigor of the plant, and 
reduce the amount of material available to create litter. Hoof action can break up vegetative groundcover 
and compact soil. In extreme cases, compaction results in a change in soil structure and reduction of pore 
space. This alters the patterns of air and water exchange between the soil and atmosphere, reducing 
infiltration, soil moisture holding capacity, rooting depth, soil microbial activity and nutrient cycling. 
Reductions in vegetative cover and soil compaction can lead to decreased water infiltration, increased 
runoff and accelerated erosion (Belsky and Blumenthal 1997; Smith et al. 2009; Holechek et al. 2010) 
depending on the degree and extent to which they occur.  

Where decreases in herbaceous biomass occur, the ability of frequent fire ecosystems to carry low 
intensity fire can be reduced (Belsky and Blumenthal 1997; Holechek et al. 2010). It also reduces the risk 
of moderate and high intensity fire. Decreases in fine fuels can also lower fire severity when fires do occur. 
Additionally, decreases in the herbaceous component reduces competition by grasses with woody species, 
allowing those woody species to expand or encroach into grasslands and woodland and forest openings 
(Allen 1984; Moore and Huffman 2004). 

While there is evidence that heavy grazing can degrade arid rangelands (Todd and Hoffman 1999; Loeser 
et al. 2007 among others),even under short durations (Loeser et al. 2007)and rest from grazing has been 
shown to improve ecosystem function in areas degraded by overgrazing (Schultz and Leininger 1990; 
Dalldorf et al. 2013 among others), there is also evidence that properly managed grazing can be 
sustainable (Pieper 1994; Loeser et al. 2007; Holechek et al. 2006, Holechek et al. 2010; Davies et al. 2011, 
among others). However, total cessation of all grazing may not return systems to a historic reference state 
(Pieper, 1994), depending on the degree of soil loss and the amount, timing and patterns of precipitation.  

The amount and timing of precipitation also plays a large role in determining rangeland vegetation 
conditions. Through adaptive management of the timing, intensity and duration of grazing, effects to 
vegetation productivity and species composition can be managed (Holechek et al. 2010).  Livestock grazing 
management has led to the development of upland water sources, which has the secondary benefit of 
providing water for wildlife. In some cases, these waters have also been used in wildfire suppression 
activities.  
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Based on the rangeland vegetation condition indicator score from the watershed condition classification, 
23 percent of the Forest is considered Functioning Properly, 70 percent Functioning at Risk and six percent 
Impaired Function. The watershed condition classification, and the rangeland vegetation indicator are 
described in the data section of Chapter 6: Water. It bears repeating that the watershed condition 
classification translates range condition ratings of very poor and poor to Impaired Function, fair to 
Functioning at Risk, and good and excellent to Functioning Properly. District range specialists referenced 
the data collected at permanent range monitoring sites and used the national ruleset provided in the 
technical guide (Potyondy and Geier 2011) and professional judgement to rate this indicator. According to 
Chapter 11: Multiple Uses, range conditions are stable, or are trending upward across the majority of the 
Forest. There is no trend associated with the watershed condition classification indicator rating as the 
technical guide and model do not contain a provision for documenting trend. Repeat measurements at 
permanent range monitoring sites (clusters) have been collected using the Parker 3-step method. The 
strength of this dataset lies in its relatively long period of record. Weaknesses of this methodology include 
the fact that range condition ratings do not consider site potential, only the conditions that are suitable to 
support livestock. This means that there can be areas rated in fair (Functioning at Risk) or poor (Impaired 
Function) that are actually at their ecological potential. Many of these areas are located on steep, rocky 
slopes with shallow soils and are unlikely places for range monitoring sites to have been established given 
the low likelihood of these areas to see much use by livestock. Also, because of the way it differentiates 
between rock and bare soil, bare soil may be overestimated and rock underestimated. 

In general, rangeland conditions on the Forest have improved substantially over the last several decades 
due to adaptive management responses to changing conditions. As previously mentioned, these adaptive 
responses are frequently implemented at the request of the permittee. These responses include 
reductions in actual use during times of drought and subsequent restocking to permitted numbers once 
conditions have improved. However, legacy issues remain and future trends in rangeland condition will 
increasingly depend on the ability of monitoring and adaptive management to respond effectively to 
climate change.  

Elk were officially reintroduced to the Forest in the 1950s, although some migration from earlier 
reintroduction efforts on adjacent lands likely occurred. These populations have steadily increased, 
particularly on the Quemado and Reserve Ranger Districts, and have caused negative ecological impacts 
in some areas. Ecological impacts are typically highest in wet meadows, riparian areas and aspen stands.  
The Forest is also current experiencing negative impacts from feral, trespass livestock, primarily in areas 
within the Gila Wilderness.   

Invasive and Noxious Species 
Invasive species are defined by Executive Order 13112  (1999) as those species that are non-native to the 
ecosystem under consideration and whose introduction causes or is likely to cause economic or 
environmental harm or harm to human health. Invasive plants generally have one or more of the following 
characteristics: aggressive and difficult to manage, poisonous, toxic, parasitic, a carrier or host for serious 
insects or disease and being non-native or new to or not common to the United States (EO 13112 1999). 
Not all non-native species are invasive. Some invasive plant species are so harmful they have been given 
regulatory designation of “noxious” by the Federal or State Departments of Agriculture44. Noxious weed 
species are highly competitive, disturbance adapted, prolific reproducers and are readily disseminated by 
wind, water, animals and humans. They often have the advantage over native species because they have 
been introduced unaccompanied by their natural predators or diseases that would normally keep them in 
                                                      
44 The Noxious Weeds Management Act (76-7D-1-6) directs NMDA to develop a noxious weed list for the state, identfity methods 
of control for designated species, and educate the public about noxious weeds. NMDA coordinates weed management among 
local, state, and federal land managers as well as private landowners. NMDA maintains an officiat state noxious weeds list that 
has been recently updated. 
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check.  A list of plants designated as noxious by the New Mexico Department of Agriculture (NMDA) and 
additional information on these and other troublesome species can be found on the NMDA website at 
http://www.nmda.nmsu.edu/apr/noxious-weed-information/. 

The presence of these species constitutes a system stressor. Potential harmful effects include but are not 
limited to decreased soil stability, interrupted upland and riparian forest succession, changes in wildfire 
frequency and intensity (Levine et al. 2003; Brooks et al. 2004; Brooks 2008; and Invasive Species Advisory 
Committee 2006), and reduced water quality. Some invasive plant species may alter the physical and/or 
chemical properties of soil in a way that promotes their own dominance over native species (Jordan et al. 
2008). Prior to European settlement, invasive and noxious species were not known to occur. European 
settlement introduced many non-native plants which are now permanent components of the systems they 
inhabit. Since that time, plants, and other organisms have continued to enter systems they did not 
originate in. The threat these species do or do not pose depends on the degree of ecological and economic 
harm they cause. Many of these species have naturalized, meaning established populations are able to 
reproduce and spread without human assistance. Many non-native species were introduced 
unintentionally, arriving from Europe or other parts of the world with the people, animals, tools, etc. that 
came or were brought to the United States. Cheatgrass (Bromus tectorum L.) is an example of a noxious 
species that was introduced in this manner. Some were introduced as ornamentals and later escaped 
cultivation (e.g. tree of heaven (Ailanthus altissima (Mill.) Swingle)). Others were introduced intentionally 
for pasture forage and/or erosion control. In fact, many non-native invasive and/or designated noxious 
weed species were made available and/or introduced intentionally to rangelands including but not limited 
to: Kentucky bluegrass (Poa pratensis L.), Johnsongrass (Sorghum halepense L.), weeping lovegrass 
(Eragrostis curvula (Schrad.) Nees), sweetclovers (Melilotus spp.), and others. Although Kentucky 
bluegrass is not designated as noxious, it is common in many of the Forest’s riparian ecosystems where it 
has replaced the native herbaceous riparian vegetation. Streambank and floodplain stability are 
compromised in these instances as Kentucky bluegrass lacks the deep, extensive root system of the native 
species it has replaced. At least 35 non-native invasive plant species that are not noxious commonly occur 
across the Forest including but not limited to wooly mullein (Verbascum thapsus L.), Russian thistle (Salsola 
tragus L.), yellow sweetclover (Melilotus officinalis (L. Lam.), weeping lovegrass (Eragrostis curvula 
(Schrad.) Nees) and watercress (Nasturtium officinale R. Brown). 

Noxious plant species are not generally well established on the Gila NF as compared to other western 
forests as reflected in the terrestrial invasive species indicator rating. However, there have been few 
noxious weed surveys on the Forest. Known populations of species designated as Class A45 noxious weeds 
by the State of New Mexico include less than five acres of camelthorn (Alhagi maurorum Medik)and less 
than 10 acres of yellow starthistle (Centaurea solstitialis L.). Occurrences of spotted knapweed (Centaurea 
stoebe L. ssp. micranthos (Gugler) Hayek), Canada thistle (Centaurea arvensis L.), leafy spurge (Euphorbia 
esula L.), oxeye daisy (Leucanthemum vulgare Lam.) and whitetop or hoary cress (Cardaria draba (L.) Desv.) 
(SEINet 2016) are known, but acres affected are not. One small infestation of purple loosestrife (Lythrum 
salicaria L.) was treated repeatedly between 2006 and 2010 and has not been documented since. The Gila 
NF also has a concern about the Class A listed yellow toadflax (Linaria vulgaris Mill.) as it has been 
documented in close proximity to the Forest boundary.  

Known populations of species designated as Class B46 noxious weeds by the State of New Mexico are 
limited to tree of heaven (Ailanthus altissima (Mill.) Swingle which is estimated to affect more than 500 
acres. These populations occur mainly in riparian areas, but have been documented in upland ecosystems 

45 “Class A noxious weed species are those not currently present in New Mexico, or having limited distribution. Preventing new 
infestation of these species and eradicating existing infestations is the highest priority” (NM Department of Agriculture 2009). 
46 “Class B noxious weed species are those limited to portions of the state. In areas with severe infestations, management should 
be designed to contain the infestation and stop any further spread” (NM Department of Agriculture 2009).  

http://www.nmda.nmsu.edu/apr/noxious-weed-information/
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as well. Occurrences of Russian knapweed (Acroptilon repens (L.) DC.), musk thistle (Carduus nutans L.), 
chicory (Cichorium intybus L.), and poison hemlock (Conium maculatum L.) are known, but acres affected 
are not (SEINet 2016). African rue (Peganum harmala L.), also a Class B listed species is a concern as it has 
been documented in close proximity to the Forest boundary.  

Known populations of species designated as Class C47 noxious weeds include more than 80 estimated acres 
of bull thistle (Cirsium vulgare (Savi) Ten.), 600 acres of cheatgrass(Bromus tectorum L.), unknown acreage 
of Russian olive (Elaeagnus angustifolia L.), 300-1000 acres of saltcedar (Tamarix L.) and more than 100 
acres of Siberian elm (Ulmus pumila L.). Cheatgrass is of high concern because it is fire adapted, which 
may have implications for the future of fire management. General observations by Forest staff not 
associated with a formal noxious weed species inventory indicate Siberian elm is far more widespread 
than saltcedar. Saltcedar is of particular concern to riparian and aquatic resources as it creates salty 
conditions that favor itself, potentially excluding native riparian species if flood flows are insufficient to 
remove accumulating salts.  

Other Class C noxious weeds with documented occurrences on the Forest include jointed goatgrass 
(Aegilops cylindrical Host.), Scotch thistle (Onopordum acanthium L.) and the aquatic species Eurasian 
watermilfoil (Myriophyllum spicatum Kom.) and curlyleaf pondweed (Potamogeton crispus L.). Again, acres 
affected are unknown, but believed to be limited (SEINet 2016). 

Spiny cocklebur(Xanthium spinosum L.), a species on the noxious weed Watch List48, has been documented 
adjacent to the Forest in Arizona as recently as 1978 and was documented in 1951 on the San Francisco 
River near Glenwood (SEINet 2016) and more recently in the Cosmic Campground (P. Morrison 2016 pers. 
comm.).  Quackgrass (Elymus repens (L.) Gould) is another Watch List species that has been documented 
at two locations on the Silver City Ranger District (SEINet 2016). 

Many of the populations described here were known as of 1997 (USDA FS Gila NF 1997).  The Gila NF also 
uses an Integrated Pest Management strategy of early detection and rapid response to deal with other 
invasive species that pose risks to the Forest.  The Gila NF works with the Southwestern New Mexico 
Cooperative Weed Management Area to coordinate noxious weed inventory and management efforts.  An 
additional non-native plant survey of the Aldo Leopold Wilderness area conducted between 2011 and 
2014 by the Upper Gila Watershed Alliance, in support of the Gila NF’s Wilderness Stewardship Challenge. 
This survey focused on approximately 66 miles of trails and streams, 18 off-trail miles, seven corrals, six 
stock tanks and numerous springs. While many non-native species were observed, a single Siberian elm 
was the only noxious species found (Keith 2014).  The Forest has an ongoing partnership with the Upper 
Gila Watershed Alliance to treat salt cedar on the Gila River and tributaries.  The Forest also receives 
informal reports of potential invasive species populations from various stakeholders. 

Burned areas are at higher risk of invasion by noxious weeds due to lack of competition for sunlight, water 
and nutrients. With the wildfires that have occurred and the proximity of the burned areas to known 
invasive plant populations, the Forest has an elevated concern for the spread of invasive species and the 
establishment of invasive species that have not been documented.  In addition, there is a risk of further 
invasive species introduction and establishment from adjacent private land.   

The application of certified weed-free seed, as discussed in the prescribed fire and wildfire section of this 
chapter provides a secondary benefit to soil and watershed stabilization by providing for more immediate 
                                                      
47 “Class C noxious weed species are those that are wide-spread in the state. Management decisions for these species should be 
determined at the local level, based on feasibility of control and level of infestation” (NM Department of Agriculture 2009).  
48 “Watch List species are of concern in the state. These species have the potential to become problematic. More data is needed 
to determine if these species should be listed. When these species are encountered, their location should be documented and 
the appropriate authorities contacted” (NM Department of Agriculture 2009).  
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competition. The certification process includes genetic laboratory testing of random samples to ensure no 
species designated as noxious are present. The certification process for straw mulch is not as rigorous as 
it only involves a walk-through field inspection 10 days prior to harvest. While the Silver Fire BAER 
monitoring includes a noxious weed survey, much more noxious weed inventory and monitoring is needed.  
The final monitoring report is expected in 2017.  

At the subwatershed level, the watershed condition classification indicator documents one percent of 
subwatersheds as having established populations of invasive species with the rate of expansion or 
potential impact on watershed resources considered moderate. All other subwatersheds have few or no 
invasive species that would affect soil and water resources and necessitate treatment for that purpose.  

In addition to the successful treatment of the small population of purple loosestrife, the Forest has had 
successes treating yellow starthistle and spotted knapweed. Bull thistle is a growing concern, and 
therefore surveys and treatment are ongoing. Both hand-pulling and herbicide treatments are treatment 
tools. 

Cut-stump herbicide application to saltcedar has been successful in some areas, but much more inventory 
and treatment is needed. As a Class C noxious weed species, saltcedar is wide-spread in the state, but 
populations on the Gila NF are relatively small and discontinuous. This is due to several factors. The existing 
native riparian community structure and condition, and the free-flowing, perennial nature of the Forest 
streams on which most populations are found being chief among those factors. Because saltcedar is shade-
intolerant, the multi-storied and/or dense canopy cover provided by native riparian communities prevent 
saltcedar populations from expanding in size and number.  

Where saltcedar is found on intermittent streams, or where streamflow is regulated by dams, saltcedar 
has the advantage over native species. Depth to groundwater is typically lower along intermittent streams. 
Native species, cottonwoods and willows in particular, tolerate a smaller range of depth to groundwater 
that saltcedar does. Large and/or sudden fluctuations in the water table depth are common along streams 
where flows are regulated by dams other control structures. Saltcedar remains subdominant to native 
species on free-flowing streams where the natural flood frequency, timing and duration favors natives. 
Drying trends, changes in flood frequency and reductions in native canopy cover increase the risk 
associated with saltcedar infestations on the Gila NF.  

Vegetation changes associated with climate change are expected to be species specific, making it difficult 
to determine what future threats might be posed by invasive and noxious plant species. More research is 
needed to predict trends with any confidence, however it is likely that shifts in vegetation community 
composition will provide new opportunities for invasion (Middleton 2006). 

While there are not documented feral hogs on the Gila NF, there exists the potential for them to arrive 
and cause issues as they do in other areas of the state. The State of New Mexico considers feral hogs to 
be unprotected and are actively trying to eradicate them in several areas. Efforts will be made to eradicate 
feral hogs if they are documented to occur within the Gila NF. 

Aquatic invasive animal species also exist on the Gila NF, are a continuing challenge and a threat to native 
fish. Crayfish (Cambaridae) can be found within reservoirs, streams, irrigation canals, or silt-covered/rocky 
or gravel substrates, particularly in lentic, or still, very slow moving, water. Bullfrogs (Lithobates catesbiana 
Shaw) have invaded habitats for native aquatic species, and may be common in any permanent water 
bodies within lower elevations of the Gila NF, particularly in lentic waters (Hayes, NMDGF 2015 pers. 
comm.).  
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Insects and Disease 
Insects and diseases are important components of forest and woodland ecosystems, greatly influencing 
structure and species composition over time. They can be both a system driver and stressor. Forested 
systems have developed under locally specific pathogen levels that were sustainable historically and may 
help maintain ecosystem function. An outbreak may have uncharacteristic effects to which the system may 
or may not be resilient to, either because the outbreak is more severe, or because of factors that amplify 
damaging effects.  

Insects and disease have been disturbance mechanisms throughout time, and have many positive impacts. 
In cases of severe infection levels or periodic outbreaks of insects, the effects are more obvious and can 
be negative (Ryerson 2015), including increased fuel loading and an elevated risk of wildfire. Conditions 
such as these were readily observed prior to the 2013 Silver Fire in the southern portions of the Black 
Range along NM Highway 152. With the exception of white pine blister rust (Cronartium ribicola A. Dietr), 
which is established on the Gila NF, the primary forest insects and diseases are native with outbreaks tied 
primarily to drought or disturbance (Ryerson 2015).  

White pine blister rust is native to Asia and was introduced to the US from Europe in the early 1900s. In 
the Southwest, it was first detected on the Lincoln NF in 1990 and has since been found on the Cibola, Gila 
and Santa Fe NFs. The first infection on the Gila NF was in Johnson Canyon in 2005. In 2007, surveys found 
infections at Bearwallow Mountain, Signal Peak and Silver Creek. The disease is expected to spread and 
impact white pine populations in many more areas, potentially eradicating white pine from the most 
susceptible sites. The rust requires two hosts to complete its life cycle: a five needle pine and a gooseberry 
or currant (Ribes spp.), paintbrush (Castilleja spp.), or snapdragon (Pedicularis spp.). Non-pine hosts are 
not killed by the rust. Moist drainages and higher elevation stands are the most vulnerable, especially 
where orange gooseberry (Ribes pinatorum Greene), the preferred alternate host, is present. Some trees, 
even in the conditions most favorable to the rust, may be resistant and provide a seed source for natural 
selection and eventual recovery. On drier sites, infection rates and mortality are expected to be relatively 
low. These sites will serve as important genetic refugia for white pines. Maintaining and promoting genetic 
diversity among white pine should help to ensure the long-term survival of these unique trees. From a 
forest health perspective, retention of white pine during thinning treatments is advocated in order to 
conserve the broadest possible genetic diversity. Removing the alternate host species is not considered a 
viable control strategy (Ryerson 2015). 

The period of record documenting insect and disease patterns on the Gila NF is relatively short, and less 
detailed than other forests in the Southwestern Region prior to the beginning of aerial detection surveys 
in the 1950s owing to the remoteness and accessibility of the terrain. Since aerial detection surveys began, 
relatively little activity has been documented compared to other forests. This may be partly due to the 
Gila NF’s proactive fire management. Regardless, the record demonstrates no clear changes in native 
insect and disease outbreaks (Ryerson 2015). 

On a watershed scale, the forest health indicator from the Gila NF’s watershed condition classification 
classifies 99 percent of the Forest as Functioning Properly, with less than 20 percent of any subwatershed 
anticipated or experiencing tree mortality as a result of insects, disease or air pollution. In the future, the 
non-native white pine blister rust is expected to expand in terms of occurrence and severity. Climate 
change is anticipated to substantially change insect and disease dynamics, likely leading to increased tree 
mortality (Ryerson 2015). 

Diseases affecting aquatic species also pose a threat. Batrachochytrium dendrobatidis fungus, also known 
as Chytrid, has been documented in amphibians in multiple locations of the Gila NF including the Upper 
Gila/San Francisco, Lower Gila, and Mimbres River/Black Range areas (Hayes, NMDGF 2015 pers. comm.).  
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Chytrid fungus infects amphibian species with the chytridiomycosis disease, which is linked to devastating 
population declines or species extinctions (Kilpatrick et al. 2009).  Another bacterial disease has been 
detected on the Gila NF is Renibacterium salmoninarum, also known as bacterial kidney disease (BKD).  
Renibacterium salmoninarum is an obligate pathogen of salmonid fishes. To date, the bacterium has not 
been found to infect other species of fish or other animals.  It can be transmitted from fish to fish (Mitchum 
and Sherman 1981), or from adults to their progeny via eggs (Bullock 1980; Bullock et al. 1978). 

Pesticide Use  

Pesticides, including herbicides, insecticides and piscicides (pesticides that target fish) have been used to 
a limited extent on the Forest. As these types of chemicals did not exist in the reference period, in a strict 
sense their use is considered a system stressor. However, non-native invasive and/or noxious species are 
also system stressors that might otherwise go unchecked without the use of pesticides.  Noxious species 
are typically the target of current pesticide use on the Forest. The use of chemicals as a management tool 
raises concerns about water quality, aquatic species and human health for some members of the public, 
as was expressed during the assessment. 

According to a Southwest Regional pesticide-use report from 1987, 835 acres were treated with Picloram 
and 150 acres with Hexazinone for range vegetation improvement. 250 additional acres were treated the 
Hexazinone for noxious weeds and 80 acres for thinning (USDA FS 1987). The location of these applications 
are not included in the documentation and no monitoring documentation has been located. In more 
recent years, only species designated as noxious by the State of New Mexico have been treated with 
herbicides. The Forest has had some successes where cut-stump applications of Garlon 3A has been 
applied to saltcedar, but ongoing inventory and monitoring demonstrate that the saltcedar infestation is 
not yet resolved. 

Insecticides are only known to have been used in a single instance. This occurred in the Catwalk area of 
Whitewater Canyon on the Glenwood Ranger District in 1966, prior to the National Environmental Policy 
Act (NEPA) and Clean Water Act. Carbaryl was used to control a heavy infestation of an unidentified tussock 
moth causing ‘light” damage to boxelder seedlings (USDA FS Gila NF 1965). Piscicide has been an 
important tool in the Gila trout (Oncorhynchus gilae) recovery program, beginning with a 1961 application 
of Antimycin A in Iron Creek. Since that time, both Rotenone and Antimycin A have been used in various 
streams identified as important to Gila trout recovery. . 

Piscicide will continue to be utilized where determined to be the appropriate method to manage and 
control nonnative fishes.  Piscicide use and trends in the future will likely depend on the New Mexico 
Department of Game and Fish, US Fish and Wildlife Service, and native fish management needs. Herbicide 
use and trends will likely be tied to invasive and noxious weed management. Although, it may be 
considered as tool to remove alligator juniper and other re-sprouting species as restoration of grassland 
and woodland vegetation communities continues.  

Roads and Trails 

The presence of roads and trails represents a system stressor. Roads directly affect natural sediment and 
hydrologic regimes by altering stream flow, sediment loading, sediment transport and deposition, channel 
morphology, channel stability, substrate composition, stream temperatures, water quality, and riparian 
conditions in a watershed (USDA FS 2000).  They also provide a vector for the spread of invasive and 
noxious species and contribute to habitat fragmentation. 

Roads have three primary effects on hydrologic processes. They intercept rainfall directly on the road 
surface and road cut and fill slopes, and intercept subsurface water moving down the hillslope; they 
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concentrate flow either on the surface or in an adjacent ditch or channel; and they divert or reroute water 
from natural flow paths (USDA FS 2000).  

Roads contribute more sediment to streams than any other land management activity (USDA FS 2000). 
Large increases in the amount of sediment delivered to the stream channel can greatly impair or even 
eliminate fish and aquatic invertebrate habitat and alter the structure and width of stream banks and 
adjacent riparian zone. The amount of sediment can affect channel shape, sinuosity, and relative balance 
between pools and riffles. Indirect effects of increased sediment loads may include increased stream 
temperatures and decreased inter-gravel dissolved oxygen (USDA FS 2000).  

Prior to European settlement, Native Americans created trails as they followed game, seeds, nuts and 
fruits of native plants; conducted commerce and warfare; and visited places of religious significance. While 
these trails existed on the Gila NF, because of the relatively low density and small footprint of these trails, 
modes of travel and frequency of use, it is assumed that they did not have significant impacts.  

After the arrival of Europeans, many of these trails were used by an increasing number of people and new 
trails and wagon roads were created, many of which followed streams. Upland wagon roads that became 
too rutted and eroded to use were abandoned and new roads created. Evidence of some of these roads 
persists on the landscape today. As travel became more commonly motorized, the impacts on soil and 
other watershed resources increased.  

The roads and trails indicator from the watershed condition classification describes the likelihood of 
altered hydrologic and sediment regimes in terms of road density, maintenance and proximity to water 
attributes. Ratings of Functioning Properly indicate the hydrologic and sediment regimes are largely intact. 
Functioning at Risk and Impaired Function ratings indicate moderate and higher likelihoods of alteration 
of hydrologic and sediment regimes. Between 64 and 67 percent of subwatersheds are Functioning 
Properly with respect to road density and proximity to water while only approximately 12 percent are 
considered Functioning Properly with respect to maintenance. Roads in close proximity to water not only 
have some of the highest maintenance requirements, but also have the most immediate effects on riparian 
vegetation, channel shape and function, and sediment and hydrologic regimes.  

For this assessment, road density was calculated specific to each ERU and is displayed in the following two 
tables. 
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Table 189. Road density in the upland ERUs of the Gila NF. 

Roads and Trails 

Forests Woodlands Shrubland/Grasslands 

Ponderosa 
Pine 

Forest 
(mi/mi2) 

Mixed 
Conifer 

Frequent 
Fire 

(mi/mi2) 

Ponderosa 
Pine-

Evergreen 
Oak 

(mi/mi2) 

Mixed 
Conifer 

with 
Aspen 

(mi/mi2) 

Spruce Fir 
Forest 

(mi/mi2) 

PJ 
Woodland 
(mi/mi2) 

PJ-Grass 
(mi/mi2) 

Juniper 
Grass 

(mi/mi2) 

Madrean 
Piñon-Oak 
(mi/mi2) 

PJ-
Evergreen 

Shrub 
(mi/mi2) 

Mountain 
Mahogany 

Mixed 
Shrubland
(mi/mi2) 

Montane 
Subalpine 
Grassland 
(mi/mi2) 

Colorado 
Plateau-

Great 
Basin 

Grassland 
(mi/mi2) 

Semidesert 
Grassland 
(mi/mi2) 

Open 1.1 0.3 0.9 0.4 0.3 0.5 0.5 0.9 0.1 1.2 0.1 1.9 2.4 2.0 
Closed 0.6 0.2 0.2 0.2 0.1 0.1 0.2 0.3 0.1 0.05 0.1 0.3 0.3 0.4 
All Roads 1.7 0.5 1.2 0.6 0.4 0.7 0.7 1.2 0.2 1.3 0.2 2.2 2.8 2.4 
Motorized Trails 0.02  0.04 0.01  0.05 0.01 0.1   0.04  0.01 0.02 
Non-motorized 
Trails 

0.2 0.8 0.4 0.4 0.9 0.1 0.3 0.1 0.1 0.03 0.2 0.1 0.1 0.1 

Total Roads and 
Trails 

2.0 1.3 1.6 1.0 1.3 0.9 1.0 1.4 0.3 1.3 0.5 2.3 2.9 2.5 

 

Table 190. Road density in the riparian ERUs of the Gila NF. 

Roads and Trails 

Cottonwood Group Montane Conifer-Willow Group 
Walnut-
Evergreen 
Oak Group 

Desert 
Willow 
Group 

Wetland-
Ciénega 
Group 

Fremont 
Cottonwood-
Oak (mi/mi2) 

Fremont 
Cottonwood-

Shrub 
(mi/mi2) 

Narrowleaf 
Cottonwood-

Shrub 
(mi/mi2) 

Sycamore-
Fremont 

Cottonwood 
(mi/mi2) 

Upper 
Montane 
Conifer-
Willow 

(mi/mi2) 

Willow-
Thinleaf 

Alder 
(mi/mi2) 

Arizona 
Alder-Willow 

(mi/mi2) 

Ponderosa 
Pine-Willow 

(mi/mi2) 

Arizona 
Walnut 

(mi/mi2) 

Desert 
Willow 

(mi/mi2) 

Herbaceous-
Wetland 
Riparian 
(mi/mi2) 

Open  8.4 3.5 2.6 0.8 1.2 1.5 5.9 5.7 5.6 3.5 
Closed  0.2 0.8 0.9 0.1 1.0 0.2 1.2 1.5 1.5 1.1 
All Roads  8.6 4.3 3.5 0.9 2.2 1.6 7.0 7.3 7.1 4.6 
Motorized Trails   0.5    0.02  0.5 0.7  
Non-motorized Trails  1.0 3.9 1.4 13.3 7.5 7.7 0.9 1.5 0.2 0.9 
Total Roads and Trails  9.6 8.7 4.9 14.2 9.7 9.3 7.9 9.5 8.1 5.5 
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After implementation of the Travel Management decision resulting in motorized travel being restricted to 
a designated transportation system, impacts to riparian ecosystems and watershed condition are expected 
to decline (USDA FS Gila NF 2013a). As future projects include decommissioning of unneeded system roads 
and unauthorized roads, impacts will be further reduced.  On the other hand, as described in the Chapter 
14: Infrastructure, the Forest’s ability to conduct sufficient road maintenance is limited by budgets. Road 
maintenance on the Gila NF is of larger concern than road density. If the budget trends continue 
downward, so will soil conditions associated with the road and motorized trail system on the Forest.  

Recreation 
Any natural resource impacts caused by unmanaged, illegal, or inappropriate recreation use on Forest 
lands may be a stressor. This may include illegal and/or inappropriate recreation use incompatible with 
particularly sensitive areas (such as OHV use in riparian areas), littering, numbers of visitors exceeding the 
designed capacity of a developed site, excessive use of an area for dispersed recreation activity, and 
excessive numbers of, or unsuitably located, user developed campsites within General Forest Areas. 

Based on National Visitor Use Monitoring (NVUM) survey results, total recreation visitation to the Gila 
National Forest increased by 69%, or from 305,000 to 514,000 visitors, between 2006 and 2011. The same 
survey results also showed that certain recreation site types demonstrated longer duration stays per visit, 
including General Forest Areas (increased by 19.3 hours per visit), Overnight Use Developed Sites 
(increased by 17 hours per visit), and Designated Wilderness (increased by 1.8 hours per visit). This recent 
trend of longer duration per visit may indicate that a significant number of visitors are now staying for 
three-day visits, as compared to two-day visits.  Day Use Developed Sites were the only site type that 
demonstrated a shorter visitor stay duration, reduced by 1.4 hours.  The overall duration of a National 
Forest visit between these surveys has increased by 2.4 hours per visit.   

General Forest Areas (GFAs) are National Forest lands that are considered undeveloped, with the exception 
of system roads and trails.  These areas are typically associated with dispersed recreation.  Examples of 
uses on General Forest Areas are dispersed camping, OHV riding, hunting, backpacking, and horseback 
riding.  Most recreation special uses requiring the issuance of a special use permit also involve some type 
of dispersed recreation activity.  

There are many user-developed dispersed campsites distributed throughout the Gila National Forest.  
Most user-developed campsites are in good physical condition, and many Forest visitors use existing, 
hardened user-developed campsites and are observed to maintain a clean camp and minimize resource 
impacts.  However, common resource impacts associated with dispersed camping include litter, wheel ruts 
from driving during wet conditions, and human-caused wildfire caused by unattended campfires. 

Developed recreation sites are those designated areas where the agency provides constructed facilities 
and improvements for both visitor convenience and resource protection. These sites are designed for 
concentrated use of an area by a set maximum number of visitors, reducing the likelihood of human-
caused resource impacts when used as intended.  The Gila National Forest currently has 33 developed 
campgrounds (including 2 group sites), 6 picnic sites (including 3 group sites), 98 developed trailheads, 3 
public target shooting ranges on the Glenwood, Silver City, and Reserve Ranger Districts, an observation 
site, and an Interpretive Site Visitor Center near the Gila Cliff Dwellings National Monument.  Developed 
sites and areas experience greater use during the summer through fall seasons and on holidays, although 
some remain open and in use year-round.   

The current trend for some developed recreation facilities is of declining conditions due to a backlog of 
deferred maintenance, age of infrastructure, budget limitations, and vandalism (e.g., graffiti, litter, physical 
damage to facilities, etc.).  This trend may also contribute to increased resource damage due to improperly 
functioning facility improvements, or by concentrations of larger numbers and more frequent visitation 
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exceeding design capacity at some sites.  For more information on dispersed and developed recreation 
trends and threats, see Chapter 12: Recreation. 

Designated Wilderness includes areas designated under laws passed in Congress for preservation and 
protection in their natural condition, but may also contain ecological, geological, or other feature(s) of 
scientific, educational, scenic, or historical value.  The Gila NF currently has three designated wilderness 
areas – Gila Wilderness, Aldo Leopold Wilderness, and Blue Range Wilderness. The Wilderness Act 
requires management of human-caused impacts and protection of wilderness character to insure that 
they are "unimpaired for the future use and enjoyment as wilderness." Wilderness character as defined 
under the Wilderness Act consists of five qualities: untrammeled (free from control or manipulation), 
natural, undeveloped, outstanding opportunities for solitude or primitive unconfined recreation, and 
other features of value. 

Acceptable recreation uses in wilderness, as mandated by law, policy and regulation, only allow non-
mechanized travel and non-motorized uses, which have a lower potential to cause significant resource 
damage. The Gila’s wilderness areas are considered “destination attractions” for visitors seeking a 
wilderness experience. Increased visitation may create stressors to wilderness character, which the Forest 
is mandated by the Wilderness Act of 1964 and agency policy to protect, and there is a trend in increased 
wilderness visitation demonstrated between the two previous NVUM surveys.  Current levels of overall 
wilderness visitation are not considered to be of concern, although some localized areas may be 
experiencing concentrated use that may diminish wilderness character. Wilderness character is a measure 
only applied to an entire wilderness, and may not be directed to only specific areas within, therefore any 
localized effects are an impact to overall wilderness character. 

Mineral Resource Extraction 
Disturbances to the soil resource related to the extraction of mineral resources include erosion and 
contamination. The Gila NF has a long history of mining activities, which are described in greater detail in 
Chapter 16: Energy and Mineral Resources. Although large-scale mining did not occur prior to European 
settlement, Native Americans utilized the Forest’s mineral resources for many things including pottery, 
jewelry and tool production. Ground disturbing activities were of relatively small extent and no 
contaminants were produced.  

Mining on the Forest began in the late 1800s with gold, silver and copper being the primary minerals 
extracted. Mining practices that disturbed riparian communities has occurred to a very limited extent and 
was associated primarily with placer gold deposits in Bear Creek and isolated areas in the Burro Mountains. 
As a whole, mining activity has declined in recent years. At present, mineral extraction on the Forest is 
limited to crushed stone, construction sand and gravel, recreational gold panning and noncommercial 
collection outside of wilderness areas. Two large open-pit copper mines, Tyrone and Cobre, operated by 
Freeport McMoRan Inc. are located immediately adjacent Forest boundaries. While the potential for 
increased mining activities on the Forest exists for some minerals, mining activity trends follow the metal 
or commodity prices.   

Abandoned Mine Lands (AMLs) are known abandoned mines and/or mining-related hazards in need of 
reclamation or restoration. These lands may contain arsenic, cadmium, copper, lead, mercury and zinc 
which cause human health and environmental hazards. An inventory of these lands, conducted in the late 
1990s, identified 353 AMLs within the Gila NF. The work to reclaim these problem areas is conducted as 
time and money permits. Soil contamination concerns related to AMLs is documented qualitatively by the 
soil condition indicator from the watershed condition classification. Mining related soil contamination is 
noted in approximately three percent of subwatersheds, but is not known to affect overall soil quality. 
Water quality, on the other hand, is known to be affected by mining related pollutants. There are just over 
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7.5 stream miles in the context area, 1.7 of which occur on Forest, where cadmium and lead concentrations 
have resulted in a 303(d) listing where the likely cause is a nearby historic mining operation.  

Stakeholder Input 
Stakeholder input received during the assessment regarding system drivers and stressors centered around 
fire and climate change and their relationships with the disturbance regimes described in this chapter such 
as non-fire vegetation management and herbivory. Invasive species and insects and disease were also 
topics of concern for some.  

Most stakeholders that provided input recognize fire as a natural, ecological process and an important 
management tool, although a few suggest prevention, suppression of all wildfires and discontinued use of 
prescribed fire is warranted based on smoke related human health concerns. Of those that recognize fire 
as a natural ecological process, most agree that fuel loading, fire frequency and severity have been altered 
by Gila NF management actions and inactions. Some also point to the relationship between altered fire 
regimes, drought and climate change, and are concerned the negative and potentially long-term ecological 
and watershed impacts observed following recent large, high severity wildfires. Others suggest that while 
watershed impacts might be negative, the ecological impacts might be beneficial.  

These fires have also limited stakeholder access to the Forest in some areas, either by Forest Service 
closure, or by deteriorating road and trail conditions. Some see these fires as a waste of natural and 
economic resources (such as timber) and suggest expedited, wide-spread salvage logging should be a 
priority. This group of stakeholders also suggests that increases in timber harvest and livestock grazing 
should be used to supplement or replace fire as a disturbance regime to promote ecosystem and economic 
health and that declines in both of these practices are responsible for current conditions.  

On the other hand, there are others that provided references during the assessment, pointing to the body 
of science that suggests the legacy of historic livestock grazing practices and fire suppression both 
contributed to current conditions. This group of stakeholders also asserts that restoring natural fire 
regimes on the Forest is key to climate change adaptation and points to the science supporting restoration 
of process is more important that restoration of structure or composition.  

In general, stakeholders view fire management on the Gila as largely reactive, not pro-active and note that 
this approach has a high cost in ecological and economic terms as observed by the increasing size and 
severity of wildfires. Some note the cost associated with large suppression efforts and question why those 
dollars are not spent instead on preventative measures such as thinning and prescribed fire. Others point 
to livestock grazing practices that reduce the fine fuels that carry fire as restricting fire. Still others are 
concerned about the combined effects of climate change and the large, high severity fires the Gila NF has 
seen in recent years and wonder if the Forest isn’t already seeing ecosystem type conversions (e.g. mixed 
conifer to shrubland) that could be expected to accompany climate change. Stakeholders are also 
concerned about post-fire emergency stabilization treatments. Many support post-fire seeding of grasses 
as a method to reduce flooding, erosion, sedimentation hazards. A few wonder why the Gila NF doesn’t 
re-plant trees after fire. Some are concerned about the use of non-native species and/or straw mulch.  

Several comments asserting Forest managers should be demonstrating stronger consideration of climate 
change and a more active approach to increasing ecosystem adaptive capacity to climate change were 
received. Increasing extents of insect and disease outbreak were referenced in relationship to climate 
change and overgrown forests. A few suggested using timber harvest to remove existing bark beetle 
damaged trees. Some want to make sure that future desired conditions described in the revised Forest 
Plan are actually possible given “new climate normals” and stress the need for management to place 
emphasis on ecosystem resiliency. Others are concerned about climate change and the possibility of 
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threatened, endangered and otherwise at-risk species reaching extinction. Conversely, existing and future 
extents of invasive and noxious species, particularly saltcedar are worrisome to many as climate change 
could favor invasive species. These stakeholders indicate a need for more inventory, monitoring and 
treatment and some suggest the Forest work with Cooperative Weed Management Areas to coordinate 
efforts with New Mexico Department of Agriculture.  

After the release of the draft assessment report, stakeholders provided additional input, feedback and 
comments regarding this chapter of the assessment. Many of the comments reiterated those provided 
earlier in the assessment phase of plan revision, but many new ideas and concerns were also provided. 
Some expressed understanding the intent of this chapter, but argued that organizing the discussion into 
topics (e.g. climate, climate change, water supply and demand, etc.) did not provide the synergistic 
treatment these topics deserve. Others requested more clarity about where in the report these discussion 
were located as much of the management interpretation of departure, trends and risk are explained by 
the status of system drivers and stressors.  

With regard to specific topics, it was argued that the Forest does have the ability to control or influence 
water use as the Forest Service and/or its permittees are responsible for maintenance of constructed 
livestock and wildlife water features and that a better job needs to be done in keeping up with that 
maintenance. Some felt climate change science, OHV use in riparian areas, invasive and noxious species, 
insects and disease, herbivory by wildlife were not covered adequately, or that pesticide use should be 
considered a system driver, rather than a stressor. A few commented that clarifying and more consistent 
language differentiating historic overgrazing practices and sustainable livestock grazing was needed 
throughout the assessment report. One individual expressed concern that the discussion of non-fire 
vegetation treatments did not fully consider the positive aspects of mechanical thinning, especially the 
skilled and conscientious work of operators to minimize the negative impacts to the soil resource.  One 
individual perceived that there is too much fire use in the spring and summer when fires burn too hot and 
that management should shift to burning in late summer and fall and increase emphasis on burning 
downhill and buffering riparian areas. With so much focus on fire-adapted ecosystems and restoration of 
those historic fire regimes, some were concerned about indiscriminate fire use in the face of climate 
change and “fire sensitive” ecosystems such as riparian areas, Spruce-Fir Forest and Mixed Conifer with 
Aspen. Issues related to this concern include drying of sites and fire-facilitated climate-induced changes in 
vegetation types. The concern for drying of sites and fire-facilitated vegetation type conversions was 
extended to mechanical treatments as well and some suggested incorporating plan components that set 
a minimum percent retention level for basal area and updating the Forest’s stand exam data. Several 
comments were received regarding emergency post-fire BAER activities and long-term rehabilitation. 
Related to BAER, stakeholders wanted to see local ecotype seed used if seeding was recommended, 
offered their opinions on seeding and mulching activities, and wanted to know about post-fire rare plant 
and BAER monitoring efforts. Some questioned why the Gila NF has not planted trees, as other Forests 
have done while others recommended protection of snags left by stand replacement fire for habitat or 
removal of livestock from the post-fire environment for a minimum of two years to allow recovery of native 
herbaceous perennials.   

Summary 
This chapter reviews the best available information related to system drivers and stressors on the Gila NF. 
Major system drivers include the predominant climatic regime and cycles of drought, natural vegetation 
succession, and fire. Major system stressors include climate change and cycles of drought, water supply 
and demand, woody vegetation encroachment, fire, roads and trails, and herbivory. While insects and 
disease, and terrestrial and invasive species are not currently major system drivers, climate change 
projections could increase their significance in the future. Climate change and ecosystems are intricately 
connected and impacts on one will often feedback to affect the other. As the health of the ecosystem is a 
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function of water availability, temperature, nutrient availability, and many other factors, it is difficult to 
determine the extent, type and magnitude of ecosystem change, and the associated changes in services 
provided, under future climate scenarios.  

Regardless, the Gila NF has the opportunity to manage for ecosystem adaptation and resilience to climate 
change by integrating ecological and watershed restoration. Fire has and will remain the most important 
management tool in supporting sustainable, fire-adapted ecosystems in the face of climate change (Fulé 
2008; Tarancón et al. 2014). Accounting for site specific variability in reference forest structure and fire 
frequency may become increasingly important given climate change projections of larger and more 
frequent wildfires (Korb et al. 2013). Accounting for watershed impacts to riparian and aquatic ecosystems 
will also become increasingly important, especially in those systems where cottonwood and alder are 
present.  

Other than fire, which can be either a system driver or stressor, the available tools to accomplish 
restoration are all stressors. However, a balanced approach that considers site specific factors and the 
potential trade-offs associated with of each management tool, or combination of tools, may provide for 
restoration of some ecosystem characteristics and contribute to adaptation and resilience.  Monitoring 
treatment effectiveness will be important to inform these decisions.  

While there may be responsibility and opportunity related to Forest management, there are also 
limitations, budget and staffing being primary among them. These limitations may be overcome, in part, 
by collaborating with new and existing partners. 
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Introduction 
The Gila NF is responsible for sustainable management of ecological resources within its boundaries, and 
the ecosystem services provided by those resources. This means that people are just as affected by forest 
management as are the ecological resources that are managed by the Forest. People benefit, either 
directly or indirectly from multiple use of forest resources. The plan area has a long human history of 
occupation that precedes the establishment of the Gila NF. Native American, Hispanic and Anglo-American 
traditional communities continue to use the Forest for economic, social and cultural purposes. Local 
communities, surrounding areas and visitors all gain some benefit and have expectations of what the Gila 
NF can offer them in terms of livelihoods, traditional uses, clean air and water, forest products and 
recreation to name a few. This section of the report focuses on the human dimension of forest 
management, and when considered hand in hand with the ecological analysis, provides for a 
comprehensive assessment. 

The management of the Gila NF contributes to social and economic sustainability by maintaining a set of 
desired social, cultural and economic conditions within the Forest and beyond the Forest boundary that 
benefit people. Since this forest planning effort informs decisions about how to manage the Gila NF, 
understanding how that management contributes to, or affects social, economic and cultural conditions 
in this area of influence is the focus for evaluating sustainability. The Gila NF area of influence is comprised 
of the four counties that contain the Gila NF within their boundaries: Catron, Grant, Hidalgo, and Sierra 
counties (Figure 153).  Areas beyond these four counties are part of the broader landscape where Forest 
contributions can affect a specific interest, but do not fundamentally affect the social, cultural, and 
economic conditions. 

This section is broken into nine chapters to fully address the social, cultural and economic components of 
the Gila NF as follows: 

Chapter 10: Social, Cultural and Economic Conditions provides context related to current social, cultural 
and economic conditions, depicts the demographic make-up of the area and shows the economic 
contributions provided by the Gila NF.  

Chapter 11: Multiple Uses assesses the contributions of wood products and other plant resources, 
livestock grazing, water, wildlife and fish and the sustainability of those contributions.  

Chapter 12: Recreation addresses sustainable recreation opportunities, including settings, access, current 
demands and future trends, conflicts between uses and opportunities for community involvement.  

Chapter 13: Designated Areas describes the congressionally and administratively designated areas on the 
Forest including wilderness, wilderness study areas, inventoried roadless areas, wild and scenic rivers, a 
national scenic trail, and a research natural area.  

Chapter 14: Infrastructure includes the physical facilities and systems that support the use of the Forest. 
The five major categories of facilities and systems are transportation, administrative, recreation and both 
privately owned and public facilities or utilities sited on the Forest and operated under permit.  

Chapter 15: Lands analyzes patterns of landownership, access and travel across the Forest. It includes 
ownership patterns affecting the Forest, special uses on the Forest, land and resource plans from adjacent 
jurisdictions and current and historic access issues.  

Chapter 16: Minerals identifies the mineral resources that have historically been developed on the forest, 
as well as the potential availability of mineral resources for current and future exploration and 
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development. These include renewable and non-renewable energy resources, leasable, locatable and 
saleable minerals.  

Chapter 17: Cultural and Historic Resources provides the historic and cultural context in which the Gila NF 
resides. Cultural and historic resources and uses are critical to the social, economic and ecological 
sustainability.  

Chapter 18: Areas of Tribal Importance identifies and evaluates available information regarding tribal 
rights and areas of known tribal importance within the Gila NF that are affected by management and the 
condition and trends of Forest resources that might affect them.
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Chapter 10. Social, Cultural, and Economic 
Conditions 
Introduction 
One of the most unique characteristics of southwestern New Mexico is its diversity of people, culture, 
traditions, and values. This chapter describes the area’s demographics illustrating the area’s diversity; and 
highlighting the social, cultural, and economic conditions and trends. This chapter presents demographic 
and economic statistics within the context of a multi-county “area of influence.” The Final Directives define 
the area of influence as “where the management of the plan area substantially affects social, cultural, and 
economic conditions” (FSH 1909.12, section 13.21).  The area of influence concept recognizes that the 
Forest provides contributions and has effects outside the Forest boundary.  The Gila NF area of influence 
is comprised of the four counties that contain the Gila NF within their boundaries: Catron, Grant, Hidalgo, 
and Sierra counties (Figure 153).  Areas beyond these four counties are part of the broader landscape 
where Forest contributions can affect a specific interest, but do not fundamentally affect the social, 
cultural, and economic conditions. 

 
Figure 153. Gila National Forest Area of influence for the social, cultural, and economic analysis 
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This information provides context for understanding the setting of the Gila NF, stakeholders, and the social 
and economic demands that influence forest management on the Gila NF. Demographic and 
socioeconomic data reported for the area of influence are based on the U.S. Census Bureau county-wide 
data.  Statistics for the State of New Mexico are presented for comparison with the area of influence. In 
some cases, the data for the multi-county area of influence has been aggregated using a program 
economic tool kit from Headwaters Economics (2015a). Many statistics were compiled by the University 
of New Mexico Bureau of Business and Economic Research (UNM-BBER). Not all of the data are reported 
in this assessment report, and to read more please see the UNM-BBER Socioeconomic Assessment 
Supplement for the Gila NF (2014) and the UNM-BBER Socioeconomic Assessment for the Gila NF (2007), 
which are part of the planning record. 

Population Statistics 
Total Population 
In 2010, New Mexico was home to more than 2 million people (less than 1% of the U.S. population) (U.S. 
Census Bureau 2000a.). Since 1980, the state's population has grown more rapidly than that of the U.S.  
New Mexico’s population grew by 16, 20, and 13 percent between 1980 and 1990, 1990 and 2000, and 
2000 and 2010, respectively. In comparison, the U.S. population grew at 10, 13, and 10 percent during 
these same time periods. UNM Geospatial and Population Studies has projected state population growth 
rates for the next two decades of 14 and 11 percent, which will result in a 2030 population of more than 
2.6 million people (UNM BBER 2014). 

Figure 154 depicts the percentage change in each New Mexico county population between 2000 and 2010. 
The population growth rate varies greatly among counties with some experiencing population increases 
and others decreases.  Where population declines occurred in New Mexico during these years is in part a 
result of the Great Recession requiring many people to move to find work (UNM-BBER 2014).  The Great 
Recession refers to a period of severe economic decline in 2008 and 2009 due to a housing market 
correction and subprime mortgage crisis.   
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Figure 154. Percentage change in each New Mexico county population between 2000 and 2010. 

Figure from UNM-BBER 2014. 

The area of influence (Catron, Grant, Hidalgo, and Sierra Counties) contains approximately 2.4 percent of 
the population of New Mexico.  In 2010, the area of influence had a population of 50,121 with Grant 
County being the most populous (29,514) and Catron County being the least (3,725).  Figure 155 
graphically depicts the population trend for the four-county area, which has increased slowly from the 
1980s to the early 2000s when it reached a peak, and then declined slightly in 2010 due to the Great 
Recession and depressed copper prices leading to temporary mine operation suspension and layoffs in 
Grant County in 2009.  Between 2010 and 2030 the area's population is expected to hold relatively 
constant (UNM-BBER 2014). 
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Figure 155. Historical and projected population of Gila NF area of influence counties.   

Figure from UNM-BBER 2014. 

Population Density 
Compared to other states, New Mexico has a relatively small population. In 2010 New Mexico's population 
rank was 36 with only 14 states having smaller populations. In addition to having a small population, New 
Mexico's land area is large resulting in a low average population density. In 2010, New Mexico had a 
population density of only 17 people per square mile. Only four states have a lower population density: 
Alaska, Montana, North Dakota, and Wyoming.  The Gila NF area of influence is rural, with an average 
2010 population density of fewer than 3 people per square mile. Due to the presence of Silver City, 
densities have historically been highest in Grant County, where the population density was more than 7 
people per square mile in 2010. Catron County's population density is exceedingly low, at 0.5 persons per 
square mile, making it one of New Mexico's least densely-populated counties (UNM-BBER 2014). 

Net Migration 
Net migration is a useful indicator of the population dynamics of an area. Are people moving in or leaving 
or is the population stable? Migration has played a relatively minor role in New Mexico's population 
growth. Net in-migration to New Mexico was approximately 150,000 people between 1990 and 2000, and 
approximately 100,000 people between 2000 and 2010.  Between 1990 and 2000, most counties 
associated with the Gila NF area of influence experienced some level of net in-migration.  Hidalgo County 
was the one exception possibly due to not attracting as much of an influx of retirees from the baby-boomer 
generation (UNM-BBER 2007).  Between 2000 and 2010 migration patterns changed with the exception of 
Catron County, all area of influence counties experienced net out-migration likely due to many people 
moving to find employment during the Great Recession (Figure 156) (UNM BBER 2014). 
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Figure 156. Net migration to/from Gila NF area of influence counties. 

Figure from UNM-BBER 2014. 

Age and Gender Distribution 
Changes in the age structure of New Mexico's population are similar to that of the United States. The 
portion of the population in the 14 and under group steadily declined between 1990 and 2010 (from 25 
to 21 percent), while the portion that is age 65 or older steadily increased from 11 to 13 percent. These 
trends are expected to continue. The BBER report (2014) projects that by 2030, those of ages 0 to 14 will 
comprise 20 percent of New Mexico’s population, and individuals age 65 and older will comprise 21 
percent. Between 1990 and 2010, the portion of New Mexico's population of working age (ages 15 to 64) 
grew from 64 to 66 percent, but is expected to decline to 60 percent by 2030 (UNM BBER 2014). 

Since at least 1990, compared to the rest of New Mexico, a smaller portion of the area of influence 
population is between the ages of 0 and 14, while a larger portion is age 65 or older. Age structure 
differences between the area of influence and New Mexico have increased over time. The portion of the 
population that is less than 15 years of age has declined more rapidly in the area of influence than in New 
Mexico, while at the same time the portion of the population that is over the age of 64 has increased more 
rapidly in the area of influence than in New Mexico. Figure 157 shows a continued increase in the 
proportion of the population over 64 projected in the area of influence for 2030, while the proportion of 
the population between 15 and 64 is expected to decline (UNM-BBER 2014).  Facing limited opportunities 
for employment, younger people migrate to larger communities, accelerating the aging of the population.  
In addition, some counties in the area of influence are attracting an influx of retirees from the baby-
boomer generation (UNM-BBER 2007). Older populations are likely to have different needs and 
preferences related to Forest use than younger populations. 
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Figure 157. Historical and projected age distribution in Gila NF area of influence.   

Figure from UNM-BBER 2014. 

The gender makeup of the area of influence (49.8% male; 50.2% female) is quite similar to the State of 
New Mexico (49.5% male; 50.5% female) (U.S. Census Bureau 2014). 

Racial Composition and Ethnicity 
Cultural diversity is rich and evident in New Mexico.  In 2000, New Mexico became a majority-minority 
state, with a total minority population exceeding that of the white non-Hispanic population (UNM-BBER 
2007).  The portion of the New Mexico population that identified themselves as of Hispanic descent 
increased from 38 to 46 percent between 1990 and 2010 (UNM-BBER 2014). As a whole, the 
Hispanic/Latino composition of the area of influence remained fairly stable between 1990 and 2010. 

The ethnic compositions of the four counties differ notably.  Since 1990 the populations of Catron and 
Sierra Counties have been between approximately 70 and 80 percent non-Hispanic White, while between 
40 and 50 percent of the populations of Grant and Hidalgo Counties have been non-Hispanic White (UNM-
BBER 2014).  In comparison to New Mexico, Table 191 shows that the area of influence population is 
notably more White and less African American, American Indian, and Asian. 
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Table 191. Those who self-identify as Hispanic, within the area of influence (4 counties), New 
Mexico, and the U.S.  

Hispanic & 
Race/Population 

Area of 
Influence  

(pop.) 

New 
Mexico  
(pop.) 

U.S.  
(pop.) 

Area of 
Influence  

(%) 

New 
Mexico  

(%) 
U.S.  
(%) 

Total population 49,462 2,080,085 314,107,084 -- -- -- 

Hispanic/Latino (any 
race) 21,131 978,189 53,070,096 42.7% 47.0% 16.9% 

Not Hispanic or Latino 28,331 1,101,896 261,036,988 57.3% 53.0% 83.1% 

White alone 26,744 824,291 197,159,492 54.1% 39.6% 62.8% 

Black or African American 
alone 117 37,519 38,460,598 0.2% 1.8% 12.2% 

American Indian alone 497 177,555 2,082,768 1.0% 8.5% 0.7% 

Asian alone 201 26,991 15,536,209 0.4% 1.3% 4.9% 

Native Hawaiian & other 
Pacific Is. alone 4 942 493,155 0.0% 0.0% 0.2% 

Some other race alone 8 3,718 611,881 0.0% 0.2% 0.2% 

Two or more races 760 30,880 6,692,885 1.5% 1.5% 2.1% 

Source: US Census Bureau 2010-2014 

Language 
Over 70 percent of people who live in the area of influence primarily speak English (Table 192).  Spanish is 
spoken by 28 percent while 2 percent speak a language other than English or Spanish.  When compared 
to the rest of the United States, the cultural diversity of the communities surrounding the Gila NF is evident 
by the percentage of people who speak a language other than English although the State of New Mexico 
has a greater diversity of languages spoken as a whole. 

Table 192. Language spoken at home in the area of influence, New Mexico, and the U.S. 

Language Area of Influence 
(%) 

New Mexico 
(%)  

U.S.  
(%) 

Only English 71% 64% 79% 

In addition to English 29% 36% 21% 

Spanish 28% 29% 13% 

Other Indo-European  1% 1% 4% 

Asian & Pacific Island  0% 1% 3% 

Other languages  1% 5% 1% 

Speak English less than “very well”  5% 9% 9% 

Source: US Census Bureau 2010-2014 
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Education 
Educational attainment is a category where the State of New Mexico has historically struggled.  New 
Mexico's population has become more educated during the last two decades. The portion of individuals 
age 25 or older with less than a 9th grade education decreased from 11 to 8 percent; the portion with 
some high school education but no diploma or GED decreased from 14 to 10 percent; and the portion with 
an associates or other advanced degree increased from 26 to 33 percent (UNM BBER 2014). 

Although in 1990 the area of influence’s population was less educated than New Mexico's population, now 
the two populations are similar in educational attainment (Table 193).  Between 1990 and 2010, the 
portion of the area of influence population with less than a high school education declined from nearly 33 
to 16 percent. During this same time period, the portion of the area's population with at least some college 
education increased from just over 33 to nearly 54 percent.  The higher share for Grant County may be 
partly related to access to education since Western New Mexico University is located in Silver City (UNM-
BBER 2007).  The lingering effects of the Great Recession will likely continue to create an incentive for 
individuals to obtain higher levels of education (Carnevale et al. 2012). Therefore, it is expected that 
educational improvements will continue throughout the Gila NF associated counties (UNM-BBER 2014).   

Table 193. Education attainment within the area of influence, New Mexico, and U.S. 

Education/Population 
Area of 

Influence  
(pop.) 

New 
Mexico 
(pop.) 

U.S.  
(pop.) 

Area of 
Influence  

(%) 

New 
Mexico 

(%) 
U.S.  
(%) 

Total population 25 
years or older 36,158  1,360,013 209,056,129 -- -- -- 

Less than 9th grade 2,137  96,892 12,193,679 6% 7% 6% 

9th to 12th grade,  
no diploma 3,361  121,093 16,394,069 9% 9% 8% 

High school graduate 
(includes equivalency) 10,924  358,007 58,440,600 30% 26% 28% 

Some college, no degree 9,127  324,492 44,241,558 25% 24% 21% 

Associate's degree 2,442  104,758 16,580,076 7% 8% 8% 

Bachelor's degree 4,489  201,686 38,184,668 12% 15% 18% 

Graduate or professional 
degree 3,678  153,085 23,021,479 10% 11% 11% 

Source: US Census Bureau 2010-2014 

Employment 
Prior to this century, New Mexico's unemployment rate typically exceeded that of the United States. The 
relationship changed after 2002, and since 2006 the New Mexico unemployment rate has been 
considerably below that of the rest of the Nation.  Between 2000 and 2008, much of the growth in New 
Mexico nonfarm employment occurred in health and social assistance, local government, professional and 
business services, and construction.  In 2008 to 2009 the economy crashed, resulting in what is now 
referred to as the Great Recession.  More than 34,000 NM jobs were lost between 2008 and 2009. A large 
portion of these losses (nearly 10,000 jobs) occurred in the construction industry. Other areas of significant 
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job loss during this time were manufacturing, administrative and waste services, retail trade, and mining. 
However, strength remained in the health care and social assistance industry as well as government (UNM-
BBER 2014). 

The gap between New Mexico and U.S. unemployment rates grew during the Great Recession, as the U.S. 
unemployment rate rose faster than New Mexico’s. The gap between the two was greatest in 2009, when 
New Mexico had an unemployment rate of 6.8 percent, while the U.S. unemployment rate was 9.3 
percent. In 2011, both the New Mexico and U.S. unemployment rates began to fall from their 2010 peaks. 
The U.S. rate fell more rapidly than the New Mexico rate, narrowing the gap between the two. As of 2011, 
the U.S. had an unemployment rate of 8.9 percent, while New Mexico had a rate of 7.4 percent. As the 
economy continues to recover from the Great Recession, unemployment rates are expected to continue 
declining (UNM-BBER 2014). 

Since at least 1990, the area of influence has had an unemployment rate that exceeds that of New Mexico.  
In all but seven years between 1990 and 2010, Catron County had an unemployment rate higher than 
Grant, Hidalgo, and Sierra counties. At the other end of the spectrum is Sierra County, which has had an 
unemployment rate that has frequently been lower than that of New Mexico. The spike in unemployment 
caused by the Great Recession (after 2007) is evident in Figure 158.  As the national economy continues 
to slowly recover, unemployment rates should gradually decline (UNM-BBER 2014). 

 
Figure 158. Unemployment rate in Gila NF Counties (1990-2010). 

Please note that “assessment area” is the same as “area of influence.”  Figure from UNM-BBER 2014. 
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Sectors of the Economy 
Table 194 depicts employment levels by aggregated job sectors within the area of influence. The table 
stresses the importance of the government, retail trade, health care and social assistance, mining, and 
agriculture job sectors (IMPLAN 2014).  Together these industries provide 60% percent of the area's 
employment. The majority of area of influence jobs (more than 60 percent) are located within Grant 
County (UNM-BBER 2014). 

Table 194.  2014 employment levels by industry classification for Gila NF area of influence. 

Job Sector 
Employmenta 

In Area of Influence 

Job Sector Employment 
as Percent of Total 

Employment 
Agriculture 1,675 7% 
Mining 2,034 9% 
Utilities 121 1% 
Construction 1,356 6% 
Manufacturing 454 2% 
Wholesale Trade 249 1% 
Transportation and Warehousing 381 2% 
Retail Trade 2,425 11% 
Information 155 1% 
Finance and Insurance 514 2% 
Real Estate, Rental, and Leasing 776 3% 
Professional, Scientific, and Technical Services 1,006 4% 
Management of Companies 83 0% 
Administrative, Waste Management, and 
Remediation Services 394 2% 
Educational Services 279 1% 
Health Care and Social Assistance 2,261 10% 
Arts, Entertainment, and Recreation 636 3% 
Accommodation and Food Services 1,671 7% 
Other Services 1,017 4% 
Government 5,129 23% 
Total 22,617 100% 

a Employment: jobs in IMPLAN are the annual averages of monthly jobs in each industry. Thus, one job lasting 12 months is 

equivalent to two jobs lasting six months each, or three jobs lasting four months each. A job can be either full-time or part-time 

- the job estimates are not full-time equivalents (FTEs). 

Source: IMPLAN 2014 

Income 
New Mexico's aggregate household income grew by 41 percent between 1989 and 1999, and grew by 11 
percent between 1999 and 2006-2010.  In contrast, aggregate household income in the area of influence 
grew by 34 percent between 1989 and 1999, but subsequently shrank by 5 percent between 1999 and 
2006-2010. It is expected that as the economic recovery continues the area of influence will experience 
more aggregate household income growth, although lingering effects of the Great Recession will likely 
limit growth for some time. Specifically, the low levels of population growth projected for the area (and in 
fact population declines for some area counties) will further dampen growth in aggregate household 
income (UNM-BBER 2014).  

Table 195 lists the median household income for area of influence counties, the state, and the nation. All 
counties in the area have median household incomes below the state and nation. The un-weighted 
average of household income in the four-county area is approximately $10,000 below the state median 
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and nearly $20,000 below the national median. These data suggest that area of influence residents are 
more likely to be on the economic margins of society. Economic changes (either positive or negative) may 
have a more pronounced effect the economic well-being of the area. 

Table 195. Median Household Income 

Location 
Median Household 

Income (2011) 
Catron County  $37,857  
Grant County  $36,925  
Hidalgo County  $35,532  
Sierra County  $28,373  
New Mexico  $44,631  
United States  $52,762  

Source: U.S. Census Bureau, 2012 

Total personal income comprises labor and non-labor income. Labor income is the wage or salary received 
by an employee or sole proprietor. Non-labor income includes investments (e.g. rent, dividends and 
interest) and age-related transfer payments (e.g. Social Security) and hardship-related transfer payments 
(e.g. welfare). Table 196 identifies the division of labor and non-labor income in the area counties, the 
state, and the nation. 

Table 196. Share of Labor and Non-Labor Income 

 
Labor Income 

(%) 
Non-Labor Income 

(%) 
Catron County  45 55 

Grant County  46 54 

Hidalgo County  56 44 

Sierra County  41 59 

AREA OF INFLUENCE  47 53 

New Mexico  62 38 

United States  65 35 

Source: U.S. Bureau of Economic Analysis 2010, REIS Table CA30 

The four-county analysis area is much more reliant on non-labor income than the state and the nation. 
Total personal income in New Mexico and the US is composed of approximately two-thirds labor income 
and one-third non-labor income. In contrast, three out of the four area of influence counties receive more 
non-labor income than labor income. Sierra County is particularly skewed toward non-labor income.  From 
1990 to 2014 in the four-county analysis area, labor income grew from $594 million to 767 million (in real 
terms; a 29% increase), while non-labor income grew from $487 million to $956 million (in real terms; a 
96% increase) (Headwaters Economics 2015a).  These data suggest that the area of influence has a growing 
concentration of retirees possibly attracted by high quality of life, mild climate, and affordable housing. 
The non-labor income is primarily from investments (35%), age-related transfer payments (35%), and 
hardship-related transfers (24%) (Headwaters Economics 2015a). The reliance on non-labor income may 
also indicate dependence on government transfer payments. Non-labor income may help to stabilize the 
economy, as it is not tied to employment status. However, non-labor income may fluctuate based on asset 
market performance (e.g., investments in stocks and bonds) or changes in government policy.   

The distribution of household income for the area of influence shows that the portion of households with 
incomes of less than $35,000 has declined, while the portion with incomes greater than $50,000 has 
consistently increased (Figure 159). This trend is similar to what has occurred across New Mexico, and is 
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expected to continue.  Per capita income has also been rising in the area of influence, from $16,816 in 
1989 to $18,320 in 1999 and $19,044 in 2006-2010.  The portion of area of influence individuals living 
below poverty has declined somewhat from 22 percent during 1989 to 19 percent during 2006-2010. 
Although the distribution of households across income categories has improved in all area counties, 
poverty rates have not consistently improved in all counties.  While the portion of the population living 
below poverty declined between 1989 and 2006-2010 in both Catron and Grant Counties, it rose in both 
Hidalgo and Sierra Counties. Changes in poverty rates have also varied by ethnicity and race.  As the 
economy continues to slowly recover from the Great Recession, per capita income is expected to slowly 
increase while poverty rates are expected to continue to gradually decline (UNM-BBER 2014). 

 
Figure 159. Household income distribution in the area of influence. 

Figure from UNM-BBER 2014. 

Remoteness of Area of Influence 
The area boosts many environmental amenities, such as scenery and recreation opportunities, that 
improve quality of life.  However, one of the biggest economic challenges of all the counties in the area of 
influence is their remoteness.  Often to capitalize on environmental amenities in the form of economic 
growth, an area also needs to have access to markets (via airports or highways), an educated workforce, 
and a diverse economy that welcomes newcomers (Rasker et al. 2008). The area of influence for the Gila 
NF is considered rural and isolated in terms of interstate airports (although Grant County does have a small 
airport with daily flights to Albuquerque) and driving time length to major cities. Isolated, rural counties 
in the West often have slower rates of growth in population, employment, and real income (Rasker et al. 
2008).  The area’s ability to attract and retain people, businesses, and industry is limited by the lack of 
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ready access to major population centers.  Conversely, isolation may have some advantages in terms of 
slower pace of life and affordable housing. 

Agriculture Patterns 
Table 197 shows that the number of ranches and farms is increasing, but that the number of acres in farms 
and ranches and the average size of ranches and farms is decreasing.  These trends suggest that private 
agricultural farms and ranches are being subdivided, and a portions are being converted to other uses 
including residential development.  Private farms and ranches are important in contributing to local 
economic diversity, scenery, local culture, and community vitality.  This conversion from agricultural use 
to residential development can also have implications for the Gila NF including growth of the wildland-
urban interface (and the cost of protecting homes from wildfires), spread of invasive plants onto the Gila 
NF, the loss of access to public lands for recreation, the loss of wildlife habitat and wildlife movement 
corridors that cross private-public land boundaries, and the potential for conflict among user groups 
(Headwaters Economics 2015b). 

Table 197. Agricultural statistics on the number and size of farms and ranches 

Agriculture Statistics 
Catron 
County 

Grant 
County 

Hidalgo 
County 

Sierra 
County 

Area of 
Influence 

New 
Mexico 

Number of Farmsa 2007 259 327 162 265 1,013  20,930 

Number of Farms 2012 351 407 171 256 1,185 24,721 

Number of Farms  
(Percent Change 2007-2012) 

36% 24% 6% -3% 17% 18% 

Land in farms (acres, 2007) 1,482,579 1,213,349 1,028,547 1,344,339 5,068,814 43,238,049 

Land in farms (acres, 2012) 1,077,534 1,064,487 930,271 1,250,136 4,322,428 43,201,023 

Land in farms  
(Percent Change 2007-2012) 

-27% -12% -10% -7% -15% 0% 

Average size of farm (acres, 2007) 5,724 3,711 6,349 5,073 5,214 2,066 

Average size of farm (acres, 2012) 3,070 2,615 5,440 4,883 4,002 1,748 

Average size of farm  
(Percent Change 2007-2012) 

-46% -30% -14% -4% -23% -15% 

Source: USDA 2014 
a Farm: This refers to all forms of agricultural production, including livestock operations. These data exclude leased public land 

from total land in farms. 

Seasonal and Recreational Homes 
The number of vacant seasonal and recreational homes in New Mexico steadily increased between 1990 
and 2010, although growth between 1990 and 2000 was much more pronounced than that between 2000 
and 2010. Ultimately, the number of such homes increased by 68 percent during the last two decades 
from fewer than 22,000 homes in 1990 to more than 36,000 homes in 2010. The number of vacant 
seasonal and recreational homes in the assessment area doubled between 1990 and 2010, with much of 
the increase occurring between 1990 and 2000. The slower increase between 2000 and 2010 is likely a 
result of the effects on the housing market during the Great Recession. The increase in the number of such 
homes within the assessment area was more pronounced than that within New Mexico (UNM-BBER 2014).   
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The largest assessment area increase (both absolute and relative) occurred in Catron County, where the 
number of such homes grew from 258 homes in 1990 to 1,120 homes in 2010 (a 334 percent increase) 
(Figure 160). Hidalgo County experienced a similar increase between 1990 and 2010, although the number 
of such homes in Hidalgo County (88 homes in 2010) is much lower than in Catron County. Sierra County 
has more vacant seasonal and recreational homes than other area counties, although between 2000 and 
2010 the number declined by 15 percent, from 1,543 to 1,326 homes.  The proportions of the vacant 
seasonal and recreational homes located within four-county area have shifted over time. Although the 
proportions in Grant and Hidalgo Counties have remained relatively stable, the proportion in Catron 
County has grown from 17 percent in 1990 to 36 percent in 2010, and the proportion in Sierra County has 
meanwhile declined from 64 percent in 1990 to 42 percent in 2010 (UNM-BBER 2014).  Implications of 
this development for the Gila NF, if occurring near the Forest boundary or as an inholding surrounded by 
public land, are discussed further in the Wildland-Urban Interface section below and Chapter 17: Land. 

 
Figure 160. Vacant seasonal/recreational homes in the area of influence counties, by county 

Figure from UNM-BBER 2014. 

Homes within the Wildland-Urban Interface 
It is now common to have a large number of homes, second homes, and vacation homes bordering or 
surrounded by public lands in the western United States.  Since wildfire is a natural disturbance on western 
public forests, these homes are especially vulnerable to the risk of wildfire, and are said to be within the 
wildland-urban interface (WUI). A WUI refers to the zone of transition between unoccupied land and 
human development. Communities that are within 0.5 miles of the zone may also be included. 

Around 32 percent of U.S. housing units and one-tenth of all land with housing are in the WUI and housing 
growth is expected to continue (Stein et al. 2013). While the degree of risk may vary from one place to 
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another, given the right conditions wildfire can affect people and their homes in almost any location where 
wildland vegetation is found. Even structures not immediately adjacent to wildland vegetation are at risk 
of damage from fire, because embers can be transported by wind and ignite vulnerable homes a mile or 
more ahead of the flame front (Stein et al. 2013). As more people live or work in the WUI, fire management 
becomes more complex and the costs to reduce fire risk, manage wildfires, and protect human lives and 
homes have risen sharply in recent decades (Stein et al. 2013).  Today, the rising expense of wildland fire 
management on both public and private lands costs the Federal Government more than $3 billion per year. 

Six percent of the homes found within the area of influence are located in the WUI (Table 198). It is 
estimated that 30 percent of those homes are second homes. In recent years, the Forest Service, including 
the Gila NF, has planned and implemented many projects that specifically decrease the potential 
undesirable effects of wildfires within these areas (e.g., prescribed burning and mechanical treatments to 
reduce fuels).  Fire plays an important part in many wildland ecosystems. However, many years of fire 
suppression, much of it undertaken to protect private property, has resulted in fuel buildup, which in turn 
increases the probability of a large, severe fire. Warmer temperatures, less snowpack, and drier forests 
also result in longer and more intense fire seasons across the West (Headwaters Economics 2015a). See 
Chapter 2: Upland Vegetation for more information related to the fire regimes of the Gila National Forest. 

Table 198. Total homes and wildland-urban interface homes in the area of influence and New 
Mexico  

 Catron 
County 

Grant 
County 

Hidalgo 
County 

Sierra 
County 

Area of 
Influence New Mexico 

Total Number of 
Homes 

3,289 14,693 2,393 8,356 28,731 901,388 

WUI Homes 437 602 na 687 1,726 27,387 

Second Homes in WUI 200 108 na 209 517 10,924 

       

WUI Homes as % of 
Total Homes 

13.3% 4.1% na 8.2% 6.0% 3.0% 

Second Homes as % of 
WUI Homes 

45.8% 17.9% na 30.4% 30.0% 39.9% 

Source: Headwaters Economics 2015a 

Note: The source material used “na” to describe the WUI statistics for Hidalgo County presumably because there currently are 

no homes in WUI areas in Hidalgo County.  

Demographic Summary 
The Gila NF is located in a rural area of southwestern New Mexico.  For the assessment of social, cultural, 
and economic conditions, the Gila NF area of influence is comprised of the four counties that contain the 
Gila NF within their boundaries: Catron, Grant, Hidalgo, and Sierra counties.  Although all the counties 
associated with the Gila NF are rural, their social and economic characteristics differ notably.  The 
populations of all four counties were less than 30,000 in 2010, but the population of Grant County was 
ten times larger than that of Catron County.  The area experienced moderate net in-migration between 
1990 and 2000, but during the decade of the Great Recession net out-migration occurred in all counties 
but Catron.  The area’s population is expected to be relatively constant for the next two decades.  The 
ethnic composition of the area of influence has remained rather stable since at least 1990 ─ the area is 
approximately 58 percent non-Hispanic and 42 percent Hispanic, a composition that is similar to that of 
the state.  The area of influence is not as racially diverse as the state; the area population is more 
predominantly White than that of the state, and has smaller portions of African-Americans, American 
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Indians, and Asians.  The area of influence population is aging.  Educational attainment has improved in all 
area counties.   

In 2010, Grant County (home of Silver City, which is the area's largest urban area) provided the majority 
of the area's employment opportunities.  The importance of Sierra County to the area's economy is 
increasing.  Unemployment rates have historically varied greatly across the assessment area.  Although 
the distribution of households across income categories has improved in all area counties, poverty rates 
have not consistently improved.  As the economy continues to recover from the Great Recession, per 
capita income is expected to slowly increase, and unemployment and poverty rates are expected to 
gradually decline. Non-labor income, such as retirement and investment funds, now make up over half of 
total personal income.  The number of ranches and farms is increasing, but the number of acres in farms 
and ranches and the average size of ranches and farms is decreasing.  The number of seasonal and 
recreational homes has grown in all area counties, and most notably in Catron County, where the number 
of such homes more than tripled between 1990 and 2010.  Six percent of the homes found within the area 
of influence are located in the wildland-urban interface. 

The demographic and economic characteristics discussed in this report have been shown to affect forest 
use, volunteerism, environmental attitudes, preferences for site development, and opinions regarding 
forest management (UNM-BBER 2014).  Understanding the unique characteristics, trends, history, and 
challenges of the area of influence communities is an important consideration for public land managers 
working to meet the needs of the public.  The demographic characteristics can also help to identify how 
communication and outreach efforts could be tailored to different audiences. 
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Gila National Forest’s Contribution to Social, Cultural, and Economic 
Conditions 
Introduction 
For over a century, communities have relied on the Gila NF as a source of sustenance. This has manifested 
through various means ranging from utilizing the natural resources on the Forest for livelihood; creating 
community synergy around issues and events; offering a place for groups to commune, work, and recreate 
together; to providing solitude, peace, and relaxation for individuals who want to get away from the social 
pressures and pace of their everyday world.  While ways and means may have changed over time, people 
enjoy all manners of activities on the Forest. Firewood gathering is regarded as a traditional family activity, 
since many local residents still rely on wood to heat their homes during the cold winter months. 
Commercial woodcutters also sell firewood collected from the Gila NF.  Recreational group sites are used 
by families and friends who come together and celebrate weddings, birthdays, life-changing events, family 
reunions, and holidays. Permitted livestock grazing on the Gila NF is a long-standing tradition.  In addition, 
local residents rely on the Gila NF for parts of their livelihood, by capitalizing on the opportunity to provide 
outfitting and guiding, tourist activities, and other services on NFS lands. Forest management continues 
to bring communities together over issues that affect them or to foster involvement through volunteer 
work on their favorite part of the Forest. Others continue to engage in some of the more traditional uses.  
All of these uses help maintain social cultures and longstanding traditions. 

This section will explore the relationship between the Gila NF and surrounding communities by examining 
the benefits the Gila NF offers its communities; the demands for Forest resources and ecosystem services 
placed on the Gila NF from local communities; how social and cultural conditions influence the Forest; and 
finally, how the Gila NF contributes to the economies of the area of influence, which is the multi-county 
analysis area of Catron, Grant, Hidalgo, and Sierra Counties. This section is based on what the Gila NF 
heard during 6 community conversations (March 2015), at 6 assessment community meetings (August 
2015), and from emails and letters from stakeholders during the assessment phase. In addition, this 
section uses information from “Values, Attitudes and Beliefs Toward National Forest System Lands: The 
Gila National Forest”49  (USDA FS 2006a). 

Important Social, Cultural, and Economic Influences on the Gila National Forest 

Benefits People Obtain from the Gila National Forest 
The Gila NF is rich in unique New Mexico cultural and traditional heritage that has blended with modern 
uses. The Forest continues to provide (to varying degrees) benefits that have been historically significant, 
as well has offering modern benefits that present day New Mexico culture has come to desire, expect, or 
rely upon.  From a cultural and social standpoint, the best source to identify these benefits comes from 
the people and communities who directly benefit from them. At 6 community meetings conducted for this 
assessment in August 2015 and via email and letters, stakeholders of the Forest had the opportunity to 
share what those benefits were (USDA FS Gila NF 2015a). Some of the stakeholder input included: 

Traditional Benefits 
 Gathering firewood 

 Harvesting house logs for construction needs 

 Livestock grazing 

 Timber harvesting 

                                                      
49Data collection for this 2006 report was accomplished by a combination of individual interviews and small group discussions 

within the assessment area.  
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 Hunting and fishing 

 Irrigation systems 

Natural Resource Oriented Benefits 
 Clean water 

 Wildlife habitat 

 Fresh air 

Nature Benefits 
 Being away from civilization 

 Solitude 

 Natural Beauty/Scenery/Aesthetics 

Recreation Activities 
 Hiking 

 Biking 

 Camping 

 Horseback riding 

 Off-highway vehicle use 

 Wildlife watching 

 Sight-seeing 

 Night sky viewing 

 Hunting 

 Fishing 

 Rockhounding 

 Driving for pleasure 

 Recreational aviation 

Wilderness Benefits: 
 Enjoying wilderness values 

 Quiet 

Lifestyle Benefits: 
 Providing business and income opportunities (e.g., commercial services such as outfitting and 

guiding) through special use permits 

 Family bonding through outdoor activities 

 Health (mental and physical) 

 Exercise 

 Spiritual connections 

 Economic growth from tourism from people outside of the community visiting the Gila NF 

Extraction Benefits 
 Mining 

 Sand and gravel collection 

 Recreational prospecting and gold panning 

 Decorative rock for personal use 
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These benefits will continue to be desired even with changing demographics, and the Forest will be 
expected to continue to provide these benefits into the future.  While these are all benefits offered by the 
Gila NF, they are also considered to be ecosystem services. Ecosystem services are defined as the benefits 
people obtain from ecosystems. The four categories of ecosystem services are explained in the 
Introduction to the Assessment, Ecosystem Services Framework. All benefits obtained from the Gila NF fall 
into all four categories: provisioning (clean air, water, wood, forage, etc.), regulating (long-term carbon 
storage, climate regulation, flood control, water filtration, etc.), supporting (pollination, seed dispersal, 
soil formation, nutrient cycling, etc.), or cultural (spiritual and recreational experiences) services. Chapter 
1: Ecological Integrity and Sustainability addresses ecosystem services from an ecological perspective. The 
following chapter on Multiple Uses will look at ecosystem services from a social, cultural, and economic 
perspective. 

Concerns about the Gila National Forest 
Participants at the community meetings and stakeholders that sent emails and letters discussed concerns 
as they relate to both the Gila NF and to natural resource management in general. These concerns are 
relevant in that they express underlying needs or demands that may need to be addressed in the future. 
Interestingly, many of the concerns expressed are also shared by the Forest. Many of the concerns 
expressed by stakeholders are summarized below (USDA FS Gila NF 2015a): 

 How much use of the Forest is sustainable in various resources areas, such as water, timber, and 
mineral extraction? How are these uses impacting forest, wildlife habitat, and watershed health? 

 People are worried about diminishing water supplies and water quality, which affect water available 
for irrigation, livestock, fish and wildlife, and domestic use. 

 There is a general impression that restrictions have increased and not enough forest management is 
occurring. 

 There is wide recognition of the overgrown condition of many of the forest types and juniper 
encroachment of the grasslands. 

 There is concern about the increased risk of uncharacteristic wildfire, and threats to private property 
and adjacent communities. 

 There is broad interest in fuel management strategies such as thinning and prescribed fire. 

 Many people would like to see more timber harvesting and grazing to support local economies. 

 To what extent should the Gila NF be used for local economic development? 

 Can recreation activities on the Forest provide needed economic benefits to local communities? If so, 
what activities and to what extent? 

 How to maintain the quality of recreational experiences while accommodating larger numbers of 
visitors? 

 Some people feel the travel management process reduced motorized access by too much on the Gila 
NF, while others feel the transportation system should be further reduced. 

 People perceive there is a decline in overall access resulting from the lack of right-of-ways across 
private land to get to portions of public land on the Gila NF. 
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 People want the existing trails and roads maintained, but how much investment and focus should 
there be on road, trail, and facility conditions and maintenance (including signage)? 

 Some people want more wilderness areas, while others feel they are being locked out of the Forest 
by the addition of more wilderness areas. 

 Some people would like to see less elk on the landscape to reduce competition for forage, while 
others believe there is an appropriate amount of elk for hunting opportunities. 

 How should invasive plant and animal species be controlled to protect ecosystem integrity? 

 How will climate change affect the Forest, forest health, and the surrounding communities that rely 
on the forest? 

 Many stakeholders expressed the need for systematic and scientifically sound monitoring of forest 
conditions and management actions. 

 Some people want to see more education, specifically on the cultural significance of the area, 
ecosystems (especially fire dynamics), and geology of the Forest. 

 Some believe there is not enough enforcement of the rules and regulations on the Gila NF and want 
to see “bad behavior” that takes place on the Forest addressed. Others think there are too many 
restrictions and rules limiting their ability to use and access the Forest. 

 There is a need for better communication and working relationships between the Forest Service, local 
communities and governments, stakeholder groups, and members of the public who are interested 
or affected by management activities on the Gila NF. 

 Many people acknowledge the Forest Service is operating in a time of declining budgets and 
recognize the need and desire for more partnerships between the Forest Service, local governments 
and communities, and stakeholder groups. 

More stakeholder perspectives are included in the “Stakeholder Input Received” section of each chapter. 

Influence of the Gila National Forest on Local Social, Cultural and Economic Conditions 

Relationship of the Gila National Forest to Local Social and Cultural Conditions 
Since its inception in the early 1900s as the Gila Forest Reserve, the Gila NF has been the provider for 
many of the needs essential for settling this region of the southwestern frontier. It served Native American 
tribes, Spain, and Mexico long before it became a United States property and its borders were established. 
The heritage, culture, traditions, and values that grew from this time period were handed down over 
generations and still exist in New Mexico today. While those historical values are still prevalent, the social 
and cultural environment has evolved into the modern age. By this virtue, the Gila NF has the unique 
challenge of serving two different eras through present day management. 

Aside from time steeped heritages and traditions, the Gila NF has a diverse community composition, 
where Native American, Hispanic, Anglo, and other cultures have combined to make New Mexico a 
multicultural center. All of these cultures have ties to the Forest through strong attachments to the land 
that may be generations old or a new found discovery.  In addition to serving the local population, the Gila 
NF also offers visitors who travel to the region a unique experience in culture, exploration, wilderness, and 
other activities such as hunting and backpacking. Collectively, the area of influence and the Gila NF are 
strongly influenced and shaped by local time honored traditions, cultural diversity, and by those who wish 
to experience this unique setting from other areas around the country. 
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Traditions 
Residents of communities surrounding the Gila NF have a strong connection to the land and its resources. 
There is also a strong sense of community across all of the diversity that exists within the area of influence. 
Both sentiments date back centuries, before the United States acquired this part of the country. Local 
passions continue to demonstrate these time honored connections to the land and culture, thereby giving 
long-lasting vibrancy to deeply rooted traditions and ways of life. The Gila NF has been an integral part of 
this history and continues to play a prominent role in the long-standing traditions and uses of the area of 
influence. 

There is a strong sense of attachment to the land that is the Gila NF. There are three major components 
that characterize this sense of attachment. The first comes from traditional users having a sense of 
personal stewardship, based on historical associations with NFS lands (USDA FS 2006a). There is a 
significant generational element to this theme, which dates back to the time before the Gila NF was 
established. The second component is derived from historical practices around the use of natural 
resources. These traditional users believe their first-hand knowledge and self interest in management of 
Forest resources results in a culturally based understanding, and attachment to, Forest lands (USDA FS 
2006a). The third component views the Gila NF as a sustainable legacy. It is viewed that this land is a 
unique resource that should be cared for, conserved, and passed down to future generations (USDA FS 
2006a). 

Likewise, these historical connections to the land have been instrumental in giving the Gila NF a large part 
of its character. They still influence the Forest in present day terms, through various means, especially 
through traditional uses. 

Acequias are the historical ditches that bring water from rivers and streams to communities for irrigation 
purposes. They are generally community run through associations headed by the majordomo (ditch-
master) and some date back to the time of Spanish settlement. These waterways are still in use today for 
the original purposes for which they were established. They are also a representation of how important 
water is in the arid Southwest and were instrumental in the settlement of the Southwest. Those who use 
and maintain these ditches serve to protect their historic values, as well as their utilitarian purposes. These 
values are also recognized by the State of New Mexico through the New Mexico Acequia Commission. 

Acequias are considered political subdivisions of the state and are collaborated with as local governments. 
Acequias are vital in the production of crops and livestock, they are inherently special riparian areas for 
many species of wildlife and plants, and they provide spiritual and aesthetic value.  Acequias are an integral 
part of the cultural and traditional heritage identified in the area of influence.  The Gila NF plays a role in 
this heritage by working with acequia commissions or ditch associations to support ongoing maintenance, 
accommodate access, and assist with infrastructure improvements for the 30 historic ditches that 
originate on or cross the Gila National Forest.  

Traditional uses as they relate to the Gila NF are uses that have strong cultural ties to New Mexico’s 
heritage. They hold historic significance, since they were necessities for survival, and many uses defined a 
way of life. While their prevalence has diminished somewhat over time, those with cultural ties to the area 
of influence still engage in many of these uses and view them as a vital part of their heritage. Those who 
have a cultural investment in the traditional uses of the area look to the Gila NF to continue providing 
these opportunities as a matter of right. These uses consist of livestock grazing, hunting and fishing, 
medicinal herb gathering, firewood gathering, open forest access, and wood harvesting for commercial 
uses. 
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Transitions in the Social Environment 
In the past, communities and families who lived within the area of influence relied on natural resources to 
get by. The main activities were logging, mining, grazing, ranching, and farming.  Today, logging and 
farming especially are not as prevalent as they once were.  The declines in traditional uses are generally 
due to market demands, regulatory changes, and other economic constraints such as the long distance to 
markets. The decline in traditional uses is still strongly felt in the local economies of some communities, 
and many people would like more opportunities for economic development. 

For communities and counties reliant on the timber industry, the 1990s saw the decline of the amount of 
timber harvested and closure of the largest sawmill in Reserve. The primary reasons for the decline were 
related to new required practices for sustainable forestry, concerns for limited remaining old-growth, for 
management needs of the northern goshawk and Mexican spotted owl, litigation, economic constraints, 
and declining Forest Service budgets.  The result of this sudden downward shift in economic activity 
caused a significant unemployment impact to the logging community and rippled throughout the 
community infrastructure (e.g., school, county road maintenance, government services, etc.) (USDA FS 
1995a). Catron County unemployment and poverty rates rose to 15% and 25%, respectively (Wilson 2006).  
Many residents of these communities and adjacent areas had made their living for decades working in 
association with the timber industry.  For many residents and businesses of these communities, the change 
in management seriously disrupted their traditional way of life (i.e., culture and lifestyle) and sense of 
well-being (USDA FS 1995a).  Many families left the area in search of employment elsewhere impacting 
the community social fabric, supporting businesses, and county tax base to provide services such as road 
maintenance, law enforcement, and health care.  School enrollment declined, and since the formula for 
receiving state education money is based on enrollment numbers, the Reserve School District budget was 
significantly reduced (Thal and Smith 1995).  Social hardships grew with significant increases in social 
service and mental health caseloads, especially regarding family stability-related social problems (Thal 
2003).   

In addition to traditional uses that continue to weather the test of time, the Gila NF has also experienced 
a gradual progression more contemporary in nature. There has been a shift toward recreation and tourism, 
and when asked, some of the public view the Gila NF with a strong recreation emphasis especially hunting 
(USDA FS 2006a).  The elk hunting season attracts hunters from across the country, and private outfitter 
guide companies provide a range of services to clients.  Many other visitors come to experience the 
cultural distinctiveness, while others come to partake in various outdoor pursuits, and the beauty of the 
landscape is an attraction in and of itself. For these reasons, recreation and tourism have become focal 
points on portions of the Gila NF, incorporating its unique social and cultural setting.  Approximately 
514,000 people visit the forest each year with 73 percent of those visits being for recreational purposes 
(USDA FS 2011).  However, some people doubt that recreation can replace the traditional uses as an 
economic base especially with lower average salaries in the service sector (USDA FS 2006a). 

The four-county area and the Gila NF elicit a strong sense of connection that is not only traditionally based, 
but is also shared by those who are considered “non-traditional” users and live in the area or visit the 
Forest. Many of these connections are also based on interactions with the Forest and its resources, as well 
as personal experiences and values. Some users have special places on the Forest, while others speak of 
the inspiration, solitude, and appreciation they feel by being in the Gila NF.  The diversity of wildlife, plants, 
landscape, and other resources is another important value of the Forest. There is a local environmental 
presence that has actively pursued implementing preservation values and beliefs about forest 
management and landscape conditions (USDA FS 2006a). 

There is a perception that a transition is occurring within the social fabric of the area communities. This 
shift involves the exodus of younger people and the influx of newcomers. Younger people are believed to 
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be leaving the area in search of jobs, which are limited within the area of influence. Despite a strong sense 
of attachment, many of these young people rarely make it back. It is also believed that newcomers are 
increasing in number attracted by the natural resources, rural lifestyle, and quality of life amenities.  This 
influx has increased the diversity of lifestyles, most recently retirees and others who are not dependent 
on local economies for their income.  Newcomers may not have the same appreciation for traditional uses, 
and may even view natural resource issues in different ways than longer term residents (USDA FS 2006a). 
These characteristics imply a mix of values and beliefs based on types of use, length of residence, and 
cultural background.  These diverse views, especially those concerning polarized natural resource issues, 
have created some social tensions.  These perceptions indicate a social scenario where communities are 
feeling a change, and possibly a loss of traditional ways of life.  

The assessment input also reveals areas of broader agreement that could be the focus of future 
collaboration efforts.  Restoration of forests, grasslands, and watersheds is a perceived need that could 
improve ecosystem function and offers potential economic benefits to local communities.  Despite the 
contentiousness of past relationships, there appears to be a potential foundation for future collaboration 
with stakeholders throughout the area.  Coordinating with stakeholders, such as other federal agencies, 
state agencies, local governments, organizations, and private landowners would not only improve 
efficiency and effectiveness of these restoration efforts, but could also bridge gaps between social 
differences and value conflicts within communities (USDA FS 2006a).  There have been collaborative 
restoration efforts in the past, and this forest planning process is an opportunity to renew those 
relationships, and continue and expand this important work.    
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Gila National Forest’s Contributions to Local Economic Conditions 
Economic Contribution Analysis 
The Gila NF makes up nearly 3.3 million acres or 7.9% percent of the area of influence, which is the multi-
county analysis area of Catron, Grant, Hidalgo, and Sierra Counties, making it an important contributor to 
the local economies.  These lands contribute a wide range of economic values to people. Market goods 
such as timber, forage for livestock, minerals, and recreation opportunities generate employment and 
income, as well as payments to local communities and revenue for the U.S. Treasury. Non-market goods, 
such as existence values of Gila trout or unique ecosystems and habitats, generate value everyone reaps, 
but do not necessarily pay for. Other forest benefits such as outdoor recreation and scenery are valued by 
the people who use them, but only a portion of this value is represented in market purchases. The 
economic contribution analysis considers only the market transactions that result from activities on the 
Gila NF. Numerous non-market social and economic values are associated with the Forest. The value of 
ecosystem services, such as clean air and water, are not captured in the economic contribution analysis. 
Therefore, this analysis should not be conflated with a representation of the total economic value of the 
Forest. 

The economic role of the Gila NF in the area of influence was modeled with IMPLAN Professional 3.0 
software using 2014 data (IMPLAN 2014). IMPLAN is an input-output model, which estimates the 
economic outcomes of activities, projects, and policies on a region. Input-output analysis represents 
linkages between sectors in an economy. For example, Forest visitors spend money on accommodation 
and food (a direct contribution). Accommodation and food service businesses buy supplies from other 
businesses (an indirect contribution). The employees of these firms spend their earnings on a variety of 
goods and services (an induced contribution). These transactions result in direct, indirect, and induced 
contributions in the analysis area economy, respectively. Definitions of terms used in the analysis are 
described below: 

• Direct contributions are in the immediately affected industry, such as jobs on ranches with 
grazing allotments on the Gila NF. 

• Indirect contributions are from linkages to other industries, not directly associated with the Gila 
NF.  

• Induced contributions are generated as a result of spending new household income due to 
employment in industries with direct and indirect ties to Gila NF management. Their household 
spending results in demand for goods and services in the local economy, creating additional 
employment and output. 

• All three types of impacts are measured in employment, labor income, value added, and 
output. 

• Employment measures the number of jobs generated in the economy by the Gila NF. These 
numbers are in terms of number of jobs and not in terms of full-time equivalent employees. 

• Labor income is income earned by the labor force because of the Gila NF’s presence. 

• Value added by the Gila NF is the total amount paid for all factors of production (inputs that are 
used in the production of goods and services) in the analysis area including labor. It is a measure 
of Gila NF’s contribution to the local economy. 
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• Output is the value of industry production in the analysis area measured in producer’s price. 
Producer’s price is the amount received by a producer by selling one unit of goods or services 
produced minus any value added tax or other deductible taxes. 

Forest Service data on expenditures and resource uses were used in IMPLAN to estimate the economic 
impacts of the Gila National Forest programs, resources, and uses (IMPLAN 2014). This economic 
contribution analysis includes recreation visitor expenditures, livestock grazing, mineral removal, forest 
product harvesting, payments to states and counties, and Forest Service expenditures.  Quantitative inputs 
(e.g., animal unit months, recreation visits, and FS payments to counties) were averaged for fiscal year 
2013 to fiscal year 2015 to lessen the effect of annual fluctuations50.  The economic contribution analysis 
methods and data are described in detail in Appendix E.  The Gila National Forest extends into four New 
Mexico counties – Catron, Grant, Hidalgo, and Sierra. These counties form the area economy for the 
economic contribution analysis. There are at total of approximately 22,617 jobs, and $882 million in labor 
income, and $3.1 billion in output in the four-county area. The five largest aggregated job sectors (out of 
20), in terms of employment, in the area economy are: (1) government, (2) retail trade, (3) health care and 
social assistance, (4) mining, and (5) agriculture.  When using the more detailed 536 possible job sectors 
in the North American Industry Classification System, the five largest job sectors in the area economy are: 
(1) state and local government, (2) copper mining, (3) cattle ranching and farming, (4) real estate, and (5) 
restaurants.  The extraction and consumption of forest products (e.g., timber and forage), recreation 
visitors, and Forest expenditures (e.g., equipment and salaries) contribute to economic activity in the 
region.  The total economic contributions (including direct, indirect, and induced) of these activities on 
the Gila National Forest are displayed by sector in Table 199. 

  

                                                      
50 Minerals data were averaged over the period 2011 to 2013, since more recent data were unavailable at the time of this 
analysis. 
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Table 199. Current Contribution of the Gila National Forest to the Area of Influence Economy 

Sector 

Employment a Labor Income b  
(Thousands of 2014 

Dollars) 

Output 
(Thousands of 2014 

Dollars) 
Area 

Totals 
FS c-

Related 
Area 

Totals 
FS c-

Related 
Area 

Totals 
FS c-

Related 

Agriculture 1,675 374 $68,331 $2,464 $178,441 $24,859 

Mining 2,034 10 $152,595 $273 $758,530 $2,103 

Utilities 121 1 $10,887 $164 $98,622 $939 

Construction 1,356 12 $48,842 $418 $212,610 $1,654 

Manufacturing 454 35 $15,408 $882 $121,787 $7,950 

Wholesale Trade 249 9 $8,081 $498 $40,653 $1,291 

Transportation and Warehousing 381 62 $12,054 $1,358 $155,209 $9,436 

Retail Trade 2,425 51 $52,614 $2,435 $49,318 $3,654 

Information 155 5 $7,313 $206 $74,849 $1,457 

Finance and Insurance 514 64 $13,975 $1,622 $71,861 $10,492 

Real Estate, Rental, and Leasing 776 24 $7,093 $337 $294,895 $4,054 

Professional, Scientific, and 
Technical Services 1,006 52 $23,946 $1,024 $95,546 $2,753 

Management of Companies 83 2 $3,698 $89 $11,713 $265 

Administrative, Waste 
Management, and Remediation 
Services 394 8 $9,601 $241 $20,303 $420 

Educational Services 279 2 $2,607 $40 $8,238 $74 

Health Care and Social 
Assistance 2,261 13 $73,710 $560 $155,207 $942 

Arts, Entertainment, and 
Recreation 636 4 $4,209 $36 $23,337 $142 

Accommodation and Food 
Services 1,671 18 $28,977 $328 $88,853 $899 

Other Services 1,017 10 $27,220 $364 $56,602 $670 

Government 5,129 227 $311,060 $15,060 $560,898 $15,977 

Total 22,617 981 $882,222 $28,700 $3,077,482 $90,031 

FS as Percent of Total -- 4.3% -- 3.3% -- 2.9% 
a Employment: jobs in IMPLAN are the annual averages of monthly jobs in each industry. Thus, one job lasting 12 months is 

equivalent to two jobs lasting six months each, or three jobs lasting four months each. A job can be either full-time or part-time 

- the job estimates are not full-time equivalents (FTEs).  
b Labor income: includes employee compensation and proprietors’ income - the wages, salaries, and benefits paid to employees 

and self-employed individuals.  
c FS=Forest Service 

Source: IMPLAN 2014 

Market transactions attributable to activities on the Gila National Forest support an estimated 981 jobs, 
$28.7 million in labor income, and $90 million in output in the area economy. Activities on the Gila National 
Forest are responsible for approximately 4.3 percent of total employment, 3.3 percent of labor income, 
and 2.9% of output in the four-county area. The Gila National Forest contributions are largest in the 
agriculture and government sectors. Although activities on Forest Service lands in the plan area contribute 
the most jobs to the agriculture sector (374 jobs or approximately 20 percent of total employment in the 
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sector), the contribution to labor income is comparatively minor ($2.5 million dollars or about 3.9 percent 
of total labor income in the sector). Most of the employment in the agriculture sector is attributable to 
livestock grazing on Forest Service lands in the plan area. Livestock grazing jobs are typically lower paid 
than other occupations. Additionally, many ranches rely on unpaid family labor. The modeling system 
counts unpaid family labor as a job, but these jobs would not contribute to labor income. Therefore, the 
relative importance of livestock grazing on Forest Service lands in the plan area shows the discrepancy 
between share of employment and labor income attributable to activities on Forest Service lands.   

Table 200 displays the total economic contribution of Gila National Forest activities by program area. 
Livestock grazing and Forest Service expenditures contribute the most to employment in the area 
economy, each supporting about 400 jobs on an average annual basis. However, Forest Service 
expenditures provide approximately $13 million more in labor income compared to livestock grazing, 
despite similar levels of employment. This indicates that jobs related to Forest Service expenditures are 
more likely to be full-time and provide higher wages than jobs related to livestock grazing in the four-
county area. 

Table 200. Current Contribution of the Gila National Forest by Program Area 

Program Area Employment 

Labor Income  
(Thousands of 
2014 Dollars) 

Value Added 
(Thousands of 
2014 Dollars) 

Total Output 
(Thousands of 
2014 Dollars) 

Recreation 71 $2,666 $4,784 $12,045 

Grazing 434 $5,579 $12,972 $34,823 

Timber 8 $314 $351 $2,274 

Minerals 0 $0 $0 $0 

Payments to Counties 69 $1,487 $2,933 $10,357 

Forest Service Expenditures 400 $18,654 $21,496 $32,552 

Total 981 $28,700 $42,536 $92,052 

Grazing plays an important role in the local area economy. The forage provided by the Gila NF contributes 
approximately 434 jobs, $5.5 million in labor income, and $34 million in total output to the four-county 
area. These jobs and income are not only from direct grazing activities such as ranching, but also include 
indirect and induced contributions. When a rancher purchases machinery or veterinary services, these 
impacts are also included. In addition, when ranchers spend earned income in the local economy on food, 
this is accounted for in the induced effects. These estimates are based upon three-year averages of animal 
unit months (AUMs), by livestock category, to minimize the effect of short-term variations in authorized 
livestock grazing use.  See Chapter 11: Multiple Uses section on grazing for more details on number of 
permits, acres, and range condition. 

Although mineral extraction occurs on the Forest, the quantities of stone, sand and gravel removed are 
insufficient to result in measureable economic contributions to the four-county economy. In the four-
county area, most of the active copper mines with large employment occur on private property, and 
mining employment generally follows copper prices.  

Recreation visitors to the Gila NF support approximately 71 jobs, $2.7 million in labor income, and $12 
million in total output to the four-county area. Growing populations in Albuquerque, Las Cruces, El Paso, 
and Tucson have led to more people seeking out the diverse recreation opportunities offered by the Forest.  
There are well-developed transportation links from these major population centers; however, the Forest 
is still relatively remote distance-wise.  There were approximately 514,000 visits to the Forest during 2011 
with 55% of these visits from local residents (USDA FS 2011).  The area holds ecotourism potential, and 
there recently has been increased marketing by the state and local entities to generate more visitation. 
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The amount of employment in the timber industry is greatly diminished from the 1980s.  See Chapter 11: 
Multiple Uses section on timber harvesting for more details.  Fuelwood gathering on the Forest is still tied 
to livelihoods in some of the surrounding communities. Wood for fires continues to be widely used either 
aesthetically or as the primary heat source within homes. Approximately 48% of the housing units in 
Catron County rely on wood as the primary heating fuel type. In Grant, Hidalgo, and Sierra Counties, 
approximately 5 to 12% of the housing units use wood for heat (U.S. Census Bureau 2000b). The use of 
wood for heating homes may be tied to long-term customs, traditions, and culture of the community, but 
it may also provide economic savings over propane, natural gas and electricity.  Figure 161 displays the 
quantity and value (in nominal dollars) of fuelwood permits on the Forest since 2005. 

 
Figure 161. Quantity and Value of Forest Fuelwood Permits, 2005-2012. 

Source: USDA FS Gila NF 2013c 

In addition to fuelwood, piñon nuts, greenery, gravel, rocks, and other forest products are gathered on the 
Forest for both commercial and personal uses. Gathering habits have been part of the customs, tradition, 
and culture of the people for many years (USDA FS 2006a).  The above analysis considers only the market 
transactions that result from activities on the Gila National Forest. Numerous non-market social and 
economic values are associated with the Gila National Forest. 

Total Federal Land Payments 
Counties containing federal lands have historically received a percentage of the revenues generated by the 
sale or use of natural resources on these lands. A steep decline in federal timber sales on national forests 
during the 1990s significantly decreased revenues received by counties from the Forest Service. Federal 
land payments are payments made by the federal government to state and local governments to 
compensate for non-taxable federal land within their borders. In the area of influence, the Forest Service 
makes contributions through both appropriations and revenue sharing via various programs, such as the 
appropriated Payment in Lieu of Taxes (PILT), and revenue sharing programs, such as the Secure Rural 
Schools program.  However, dependency on these transfers exposes local services to changes in federal 
policy and spending decisions. 
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PILT are federal payments to local governments that help offset losses in property taxes due to nontaxable 
federal lands within their boundaries. PILT payments help local governments fund operations, such as 
emergency services and road maintenance. Payments are made annually for tax-exempt federal lands 
administered by the Bureau of Land Management, National Park Service, U.S. Fish and Wildlife Service, 
USDA Forest Service, and for federal water projects and some military installations. Payments to counties 
are based on population, receipt sharing payments, and the amount of federal land within a county (Table 
201). 

Table 201. Payments in Lieu of Taxes (PILT) to the States and Counties, FY 2015 
Location Payment Acres of Federal Land 

Catron County  $619,691 2,717,893 

Grant County  $2,078,740 1,161,528 

Hidalgo County  $745,488 822,875 

Sierra County  $1,205,512 1,301,253 

State Total  $37,466,124 22,470,290 

Source: USDI 2015 

The Secure Rural Schools (SRS) and Community Self-Determination Act of 2000, reauthorized in April 2015, 
was enacted in part to stabilize payments to counties dependent on declining revenues from federal 
timber sales. This law ensures counties across the country can receive payments that provide funding for 
schools and roads and make additional investments in projects that enhance forest ecosystems. The SRS 
Act authorizes the use of Resource Advisory Committees as a mechanism for local communities to 
collaborate with federal land managers in recommending projects on federal lands that will benefit 
resources. The Secure Rural Schools payments to the area counties for fiscal year 2014 are in Table 202. 

Table 202. Secure Rural Schools and Community Self-Determination Act, FY 2014 Payments 
Location Fiscal Year 2014 Payments 

Catron County  $2,107,965 

Grant County  $796,473 

Hidalgo County  $5,184 

Sierra County  $313,147 

Total  $3,222,770 

Source: USDA FS 2015f 

Forest Service Gross Receipts from Commercial Activities 
The Gila NF provides various economic opportunities to surrounding communities. These income 
producing opportunities for local businesses range including timber harvesting, ranching, and providing 
recreation services to the visiting public.  Figure 162 shows the inflation adjusted total gross receipts from 
1986 to 2015.  Although before 2000 the receipts were not identified by source, historically most of the 
receipts collected in the Southwestern Region were from the sale of timber, and the significant decreases 
in the total receipts are apparent in the 1990s when timber harvesting declined as discussed in the 
“Transitions in the Social Environment” section.  Figure 163 shows the gross receipts collected by source 
from 2001 to 2014 by the Gila NF and deposited into the National Treasury as fees collected from those 
who utilize such opportunities. Grazing currently generates the largest share of gross receipts, with land 
special use related activities (e.g. communication site leases) coming in second. 
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Figure 162. Gila NF inflation adjusted total gross receipts 1986-2015 

 
Figure 163. Gila National Forest gross receipts by source, 2001-2014 
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Aesthetics 
Aesthetics and scenery are an important component of the Gila NF and the four-county area. The Forest 
is perceived as having a range of aesthetic resources that are valued by both local residents and visitors to 
the area. Scenery and other natural amenities are also believed to attract new residents to the four-county 
area (USDA FS 2006a). The opportunity to be away in an environment perceived to be vast, aesthetically 
pleasing, and readily accessible is an important characterization of Forest lands by longtime residents and 
visitors alike (USDA FS 2006a).  The scenery and perceived beauty of the area contributes to the recreation 
and tourism industry in the area. For example, the Gila NF is a scenic back-drop to many communities 
within the area and influences the value of real estate. Property adjacent to or near the Forest boundary 
can sell for a much higher price than a similar property located further away. Scenery is discussed in more 
detail in Chapter 12: Recreation, which describes various parts of the Forest according to their scenic 
character. 

 

Influence of the Gila National Forest on Social, Cultural and Economic 
Conditions in the Broader Landscape 
Hunting 
Culturally, hunting is an important activity for the people of New Mexico. Early inhabitants hunted and 
lived off the land.  Many of the people in rural areas and small towns in southwestern New Mexico 
continue this traditional practice that provides food, is a bonding activity between parents and children, 
and is a way of teaching children about nature and the land around them.  Recently, sport hunting has 
emerged as a recreational activity, which can involve larger groups, OHVs, and hunting camps. Sport 
hunting can be very social and many hunters return to the Forest annually for this activity. The growth of 
sport hunting has given rise to a community of commercial outfitters and guides. The Gila NF is known for 
its trophy animals, especially elk, which attract hunters from all over the country.  Ranchers are taking 
advantage of the hunting opportunities by developing outfitting and guiding businesses.  Outfitters and 
guides look to the Gila NF for special use permits that allow them to host tourist activities on Forest Service 
lands.  Some rely on this as a main portion of their income.  For more details on the economic contributions 
of hunting, please see Chapter 11: Multiple Uses. 

Wilderness 
Part of the Gila National Forest’s niche is the freedom to explore vast expanses of backcountry.  The fact 
that the Gila NF is home to the first wilderness area along with the strong ties to Aldo Leopold creates a 
national and international destination for visitors who seek a primitive natural experience.  Popular 
activities within wilderness areas on the Gila NF include: hiking, backpacking, horseback riding, camping, 
hunting, fishing, and wildlife viewing.  Additional discussion on wilderness can be found in Chapter 13: 
Designated Areas. 

Stakeholder Input 
Most of the feedback received on this draft assessment report chapter was concerning the economic 
contribution analysis.  There were requests for additional clarification and information for the analysis 
terminology, methodology, interpretation, and discussion.  Others felt that the timber harvest 
methodology is out of date and did not capture emerging wood product sectors (such as uses for woody 
biomass) and emerging carbon capture values that could integrate the benefits of thinning, economic 
development, watershed restoration, and carbon sequestration.    

Other comments stressed the importance of transitions in the social environment be balanced with the 
preservation and protection of long-established uses, which are valued to the people that engage in them 
and the surrounding communities.  It was also suggested that the Forest consider elements for forest 
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management contained in Catron County’s Wildlife Protection Plan (CWPP) as this plan looked at the 
wildland urban interface and forest conditions beyond the interface that could have downstream effects.  
There was also a comment for increased collaboration with forest restoration enterprises to achieve 
mutual goals.   

Summary 
In a social context, the Gila NF offers a unique setting in terms of history, diversity, and economic 
conditions. There is strong attachment to the land by the residents within the multi-county analysis area 
of Catron, Grant, Hidalgo, and Sierra Counties.  There are also benefits derived from and demands placed 
on the Gila NF that the public and other stakeholders communicated during the course of this assessment. 
Many of these benefits are related to traditional uses, natural resources, nature, recreation, wilderness, 
and lifestyle. The demands were generally expressed as concerns or desires. In summary, the public’s and 
stakeholders’ main interests were related to (a) roads, trails, and facility maintenance; (b) support for 
economic development; (c) ecosystem sustainability; (d) recreation; (e) fire and fuels management; (f) 
diminishing water supplies; (g) wildlife habitat; (h) access and travel management; (i) invasive plants and 
animals; (j) drought and climate change; (k) wilderness; (l) more educational and volunteer opportunities; 
and (m) better communication with the Forest. 

The social environment of the area has characteristics that influence values and beliefs about the Gila NF. 
These characteristics include: a multi-cultural heritage; traditional use economies transitioning to include 
tourism and amenity uses; a strong local environmental presence; a changing population mix with an 
increased presence of retirees and other newcomers; and an outdoor lifestyle. These characteristics imply 
a mix of values and beliefs based on types of use, length of residence, and cultural background. This social 
environment is also characterized by polarization about certain Forest management issues although there 
may be broader agreement on the need for restoration of forests, grasslands, and watersheds.  

The demographics of the area also highlight some of the hardships people face, especially in terms of 
income and a struggling educational system. Most people in the four-county area work for the government 
or the copper mines, and average household income tends to be lower compared to New Mexico and the 
nation. Younger generations are perceived to be leaving the area in search of better economic 
opportunities. The Gila NF provides economic benefits to the four-county area in the form of direct, 
indirect, and induced economic contributions. Overall, the Forest contributes over 981 jobs and $28.7 
million to the local economies. Grazing, timber, recreation, and Forest expenditures all provide economic 
contributions. The federal government also contributed more than $3.2 million to local counties for 
payments in lieu of taxes in 2015 and over $4.6 million to the Secure Rural Schools program in 2014. Also 
in 2014, the Gila NF received $288,350 in gross receipts from income generated by timber, grazing, and 
special uses, among other programs. 

When considering the social context, the attachment people have, and the contributions the Gila NF 
makes, it is evident that the Forest is not separate from the communities it serves, but is an integral part 
of them. Reliance on Forest Service lands in some form or another is part of the culture within the area 
and will continue to be so for as long as the Forest remains in place. 
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Chapter 11. Multiple Uses and Their Economic 
Contributions 
Introduction 
The Forest Service is a multiple-use agency providing a range of benefits and services from the variety of 
resources provided by national forests and grasslands.  The multiple-use mandate comes from the 
Multiple-use Sustained Yield Act of 1960 and the National Forest Management Act of 1976.  The mandate 
is not exclusive to a single resource or use, and the sustained yield principle applies to all multiple-uses for 
which the national forests and grasslands are administered.  Recreation, timber, range, water, and wildlife, 
fish and plant resources contribute to maintaining social cultures, maintain long-standing traditions, 
connect people to the land, and contribute to the quality of life for many Americans and communities. 

This chapter describes the social and economic contributions from timber, range, water, and wildlife, fish, 
and plant resources.  The Recreation description of social and economic contributions are included in 
Chapter 12: Recreation.  

Timber and Special Forest Products 
Plant products, including firewood, timber and other building materials, as well as special forest 
products (e.g., Christmas trees and transplants/wildings) are important resources available from the 
Gila NF.  Firewood is the sole source of heat for the homes of many people within the area of influence, 
largely because it provides economic savings over propane, natural gas and electricity. Gathering 
firewood and Christmas tree cutting are often family events.  Other wood products, such as lumber, 
posts, poles, and traditional building materials (e.g., latillas and vigas), are culturally and economically 
important as well. The Forest has increased the number of forestry treatments it implements, to improve 
forest health, reduce potential for uncharacteristic wildfire, and make forest products more available.  
This section discusses the current condition and trends of timber and special forest products on the Gila 
National Forest by identifying and evaluating: 

 Ecosystem services from timber and special forest products 

 Current condition of forested areas within the plan area 

 How programs such as the Collaborative Forest Restoration Program, fit into the 
management of timber and special forest products 

 Contribution of timber management to ecological sustainability 

 Current timber and special forest product production in the plan area and broader  
landscape 

 Trends influencing supply and demand of timber and special forest products coming from the 
plan area. 

 Contributions the plan area makes to social, cultural, and economic sustainability 

 Summary of timber and special forest products on the Gila National Forest 

Ecosystem Services of Timber and Special Forest Products 
The vegetation that contributes to timber, firewood and special forest products provides many 
ecosystem services on which humans and other life forms depend.  Supporting ecosystem services of 
timber and forest products at the most basic level convert sunlight and carbon dioxide into oxygen and 
carbohydrates (primary production).  Regulating ecosystem services of timber and forest products are 
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key to soil formation and stability, thermoregulation (shading and evaporative cooling), nutrient and 
hydrologic cycling, carbon sequestration, and energy flow.  Provisioning ecosystem services of timber and 
forest products provide wildlife habitat (cover, nest sites), food (piñon nuts for humans and other animal 
species, browse for wildlife), and fiber (lumber, paper, fuel).  Cultural ecosystem services of timber and 
forest products (e.g., Christmas trees, botanical remedies, and aesthetics) are especially important to 
humans and society. 

Current Conditions and Trends of Forested Areas 
The Gila NF encompasses approximately 3.3 million acres, predominantly comprised of relatively dry 
ponderosa pine and mixed conifer forests, spruce-fir forest, piñon-juniper woodlands, and semi-desert 
grassland.  Nearly 2,804,477 million acres (84%) are considered to be forested, of which about 432,361 
acres (13%) are designated as suitable for timber production, where technology is available to ensure 
timber production, without irreversible resource damage (USDA FS Gila NF 1986).  A periodic forest 
inventory of New Mexico’s forests is conducted by the National Forest Inventory and Analysis (FIA) 
program51.  FIA plot data were summarized using Forest Inventory Data Online (FIDO) standard reports 
from 2005 to 2013 inventory data52.  According to these data, gross standing tree53 volume on the Forest 
consists of about 877 million cubic feet (MMCF) and includes growth in the wilderness.  These data from 
the 1997 inventory also indicate average annual mortality of 2.2 MMCF.  

The Gila National Forest’s 1986 forest plan (USDA FS Gila NF 1986) provides timber resource direction that 
generally prescribes a sustained yield from scheduled harvesting, while considering other resource needs.  
In 1996, the forest plan was amended to incorporate Regional guidance for northern goshawk habitat and 
Mexican spotted owl recovery.  As a result, the Gila NF forestry program shifted emphasis from 
predominantly even-aged to predominantly uneven-aged forest management practices.  In combination 
with waning budgets, the Forest gradually declined in forestry staffing, outputs, and accomplishments.  
The effects of this transition to the social environment are discussed in Chapter 10: Social, Cultural, and 
Economic Conditions.  Although projects and activities addressing hazardous fuel loading had been a part 
of the vegetation management approach since at least the 1980s, the 2000 National Fire Plan54 provided 
directional emphasis to reduce the impacts of wildfires on communities and to restore fire-adapted 
ecosystems to healthy conditions.  The directive of the Gila National Forest’s new forestry program was to 
further integrate with wildlife, watershed, and fuels management programs, subsequently providing wood 
products as a byproduct of other management objectives rather than a primary objective. 

Table 203 displays annual average acres treated by Ecological Response Unit55 (ERU) from 1996 through 
2014. Management activities include harvesting, prescribed burning, non-commercial thinning and fuels 
treatments. Harvesting includes the sale of forest products to enhance the characteristics and health of 
existing stands. Non-commercial thinning is the thinning of material less than nine inches diameter at 
breast height (DBH) to reduce competition and increase health of a stand of trees. Fuels treatments are 
treatments that cut mechanically or by hand to reduce the amount of fuel within a stand; reduce the 
number of trees per acre; and to increase the amount of space between canopies. Material from all 
treatments except prescribed burning are usually made available for forest products including saw logs, 

                                                      
51 FIA data are publicly available from the national FIA Website at www.fia.fs.fed.us.  This site includes data downloads, online 
tools that allow users to perform custom queries, and documentation of FIA’s field inventory protocols, database structure, and 
publications.  
52 Available at: Forest Inventory Data Online Website. 
53 Tree species at least 5 inches diameter at breast height or diameter at root collar 
54 The report entitled “Managing the Impact of Wildfires on the Communities and the Environment”, was released September 8, 
2001. This report, and a set of corresponding agency strategies, formed the basis of what is now known as the National Fire Plan. 
55 The assessment of terrestrial ecosystem condition is stratified using the ERU classification system, which is a grouping of sites 
that are each similar in plant species composition, succession patterns, and disturbance regimes.  See Chapter 2: Upland 
Vegetation for more details. 

http://www.fia.fs.fed.us/
http://fia.fs.fed.us/tools-data/default.asp
http://www.forestsandrangelands.gov/resources/reports/documents/2001/8-20-en.pdf
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fuelwood, post and poles. The majority of management activities occurred within ponderosa pine and 
piñon pine / juniper ERUs because they are most prevalent on the Forest.  

Table 203. Gila National Forest’s average management activity treatment (acres) by Ecological 
Response Unit* from 1996 to 2014 

Management 
Activity PPE MCD MCW SFF PJW MSG CPGB SDG MMS Total 

Harvest-thinning 133 9 8 8 7 0 0 0 0 165 

Harvest-uneven-
aged 140 15 0 0 0 0 0 0 0 155 

Burning-prescribed 6,469 372 23 5 3,902 253 91 13 198 11,326 

Non-commercial 
thin 547 155 0 0 0 193 0 0 0 895 

Fuels treatment 2,482 353 0 0 2,130 0 128 120 232 5,445 

Total 9,771 904 31 13 6,039 446 219 133 430 17,986 
*Ecological Response Unit - Ponderosa Pine Evergreen Oak and Ponderosa Pine-Forest (PPE); Mixed Conifer, with Frequent Fire 
(MCD); Mixed Conifer with Aspen (MCW); Spruce-Fir Forest (SFF); Piñon Juniper Woodland, Piñon Juniper Evergreen Shrub, 
Piñon Juniper Grass, and Juniper Grass (PJW); Montane Subalpine Grassland (MSG); Colorado Plateau Great Basin Grasslands 
(CPGB), Semi-desert Grasslands (SDG), and Mountain Mahogany Mixed Shrubland (MMS).  (See Chapter 2: Upland Vegetation) 

General management objectives for the Forest have largely revolved around forest ecosystem restoration, 
which includes improving forest resilience, watershed condition, and wildlife habitat, while reducing fire 
hazard (fuels) and providing wood products to local communities.  From 1996 to 2005 the majority of 
products harvested on the Gila National Forest were fuelwood, posts, and poles.  When timber sales were 
offered on the Forest during that time period, there were often no bids from local mills, due to their size 
and capacity, or from Arizona sawmills unless the sale was within an economic hauling distance.   

In 2005 a new mill was built in Reserve, New Mexico that could handle more capacity and material from 
9” to 24” in diameter.  Since the mill’s establishment, the number of acres treated mechanically and the 
volume of material removed from the Forest has increased dramatically.  Treatments have included timber 
sales, commercial and personal use fuelwood sales, post and pole permits, and other forest product sales.  
Between fiscal year 2005 and 2015 approximately 37,000 acres were treated56.  Sale volume associated 
with projects implemented on the treated acres averaged about 23.0 MMCF annually (Table 204).  
Fuelwood sales (personal and commercial) and sale of personal use forest products (posts, vigas, house 
logs, etc.) accounted for about 80 percent of the volume during this 11-year period.  

                                                      
56 This number includes fuelwood areas and non commercial thinning units that were not included in the table above. 
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Table 204. Volume sold on the Gila National Forest by product and fiscal year in million cubic feet (MMCF). 
 

Product 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total Yearly 
avg. 

Saw Timber 0.2 13.5 2.5 0 0 2.1 0 6.3 4.5 0 18.0 47.4 4.3 

Pole 0.2 0.2 0.5 0.5 2.5 0.3 0.1 0.2 0.1 0.4 1.0 6.0 0.5 

Post 3.5 8.7 3.5 8.9 8.8 7.6 3.6 6.1 10.4 7.2 0.4 68.7 6.2 

Fuelwood 5.5 4.6 4.9 5.8 5.6 6.1 5.1 5.8 5.5 5.8 8.0 62.7 5.7 

Misc. 
Convertible 

7.1 4.5 10.3 2.8 15.8 5.4 4.0 8.7 2.1 4.7 2.3 67.7 6.2 

Total 16.5 31.5 22.0 18.0 32.6 21.5 12.8 27.2 22.6 18.0 29.8 252.4 23.0 
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Collectively, timber harvest from the Gila National Forest averaged 4.3 MMCF per year from 2005 through 
2015 (Table 204).  There were three active primary wood products facilities within Catron and Grant 
counties in 2012 (Sorensen et al. 2015), and wood products from these facilities include lumber, vigas, 
and latillas.  There are several portable saw mills in the region that the Forest provides material to as 
needed by the purchasers.  The demand from these operation is not consistent because these mills are 
operated on a part-time basis. 

As implied by the amount of harvest activities, the timber base largely draws from the ponderosa pine 
evergreen oak and ponderosa pine forest (PPE) and mixed conifer with frequent fires (MCD) ecological 
response units (ERU) (Table 203).  Ponderosa pine and mixed conifer with frequent fires ERUs are 
abundant on the landscape, but their age and size classes are departed from historical conditions, largely 
due to interruptions to the natural fire regime and/or influences from land management activities such 
as harvesting and lack of thinning to improve timber stands. These ERUs are vulnerable to widespread, 
high severity wildfire and susceptible to a variety of insect and disease mortality, due to changes in 
species age, size and density across the landscape.  Widespread, high severity wildfire and insect and 
disease mortality can reasonably be expected to occur in these ERUs in the future, potentially 
exacerbating a current trend of even-aged, relatively young stands at a broad extent that did not exist in 
the reference condition.  Large scale disturbance could potentially affect the availability of timber 
resources on the Forest, shifting harvest activities to other ERUs.  Harvest activities from other ERUs 
would be far more challenging, as traditional use of species from within PPE and MCD ERUs is driven in 
part by ease of access (i.e., close proximity to communities, generally modest slopes, and higher road 
density).  A more detailed analysis of ecological condition and trend by ERU can be found in Chapter 2: 

Upland Vegetation. 

 

Timber and Special Forest Products Management on the Gila National Forest 
Collaborative Forest Restoration Program 

In 2000, Congress passed the Community Forest Restoration Act (Public Law 106-393, Title VI). The Act 
authorized the establishment of the Collaborative Forest Restoration Program (CFRP) in New Mexico to 
provide cost-share grants to stakeholders for forest restoration projects on public land designed through 
a collaborative process. These projects may be entirely on any combination of federal, tribal, state, county, 
or municipal forest lands, and must include a diverse and balanced group of stakeholders in their design 
and implementation. Each project must also address specific restoration objectives including: (1) wildfire 
threat reduction; (2) reestablishment of historic fire regimes; (3) reforestation; (4) preservation of old and 

large trees; and (5) increased utilization of small diameter trees. 

Since 2001, 22 CFRP grants have been awarded on the Gila National Forest, totaling $6.9 million in funding 
and the treatment of 8,550 acres.  There is currently one ongoing CFRP project on the Forest, which 
involves training members of the Alamo Band of the Navajo Nation to pursue careers in forestry or natural 
resource fields.  These grants have also allowed businesses to purchase equipment that can utilize small 
diameter timber; assist in the completion of NEPA; and training people to pursue careers in forestry and 
natural resources.  CFRP Grants on the Forest have also helped employ 105 people to harvest and 
manufacture forest products from the private sector as reported in the 2015 CFRP Grant Report (USDA FS 
2015g).  The most important part of the CFRP program has been the partnerships that have been 
established.  Through these partnerships the Forest has been able to complete NEPA analysis and 
implement restoration projects on the ground.  In addition to CFRP, the businesses that utilize material 
from the Gila NF have been successful in obtaining federal grants from the USDA, USDA Forest Service 
Forest Products Laboratory, Department of Energy and various grants from the State of New Mexico. 
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Contributions of Timber and Special Forest Products to Ecological Sustainability 

Land managers are often concerned about a forest’s resilience to disturbances like insect, disease, and 
wildfire.  These concerns are commonly addressed by commercial or non-commercial thinning of forests, 
as tree density is the major factor that a forester can manipulate (Daniel et al. 1979).  Tree vigor can 
increase the availability of defense mechanisms used to protect against insects and diseases (Oliver and 
Larson 1996).  Thinning can increase tree vigor by reducing competition between individuals, and can 
improve overall stand vigor by removing less vigorous individuals. The greater the individual and stand 
vigor, the greater forest resistance and resilience to insect and disease outbreaks.  Thinning also 
addresses wildfire hazards by reducing density of smaller trees in the under and mid-story (ladder fuels) 
and decreases the overstory canopy density. Ladder fuels can carry a surface fire into the overstory 
canopy. Overstory canopy density is the primary factor driving crown fire behavior. Reducing the overall 

number of trees and canopy density reduces the risk of crown fire in stands (Graham et al. 1999).   

Forest restoration involves using uneven-aged cutting methods to conduct single tree and group selection 
treatments. Prescribed cutting as one of several methods that may include: free thinning, low thinning, 
single tree selection, group selection, or rarely even-aged regeneration methods.  Prescribed cutting is a 
selective process, where undesirable characteristics can be selected against, and desirable 
characteristics can be retained or promoted. For example, prescribed cutting tactics can prescribe 
removal of weak, diseased, and dying individuals, or species and individuals with characteristics that are 
more susceptible to drought, fire, and/or insect mortality. Prescribed cutting strategies can prescribe 
preferential retention of disturbance resilient species, such as ponderosa pine.  Prescribed cutting can 
allow for manipulation of species composition and stand structure, such that they promote natural 
disturbance regimes and ecological functions.  

Recently, momentum has increased for a more holistic approach of forest restoration (Reynolds et al. 
2013). Generally, the prescribed cutting methods used to accomplish restoration objectives place more 

emphasis on developing diversity in forest structure, age classes, and species composition akin to historic 
conditions. This approach generally includes selective cutting methods paired with prescribed burning, 
intended to develop and maintain uneven-aged forest conditions that are considered more resilient to 
natural disturbance, and thus more sustainable long-term.  However, their extent covers only a small 
fraction of the landscape. Treatments are limited in part by workforce capacity and current forest plan 
standards that are very prescriptive, restraining management options across broad extents. The 
magnitude of prescribed burning accomplishments is affected by weather and other environmental 
factors that can be highly variable year to year, and is limited by air quality regulations, and to a lesser 
degree, workforce capacity and concerns over public safety and values at risk (i.e. water quality, wildlife 

habitat, soil productivity). 

Impacts of Timber Harvest on Ecological Integrity and Species Diversity 
Past management activities have altered stand structure, composition, and fire occurrence patterns on the 
Gila National Forest, as described in Chapter 9: System Drivers and Stressors.  Current ponderosa pine and 
dry mixed conifer stands are overstocked, have an overabundance of shade tolerant species, and are often 
even-aged and multi-storied, with few examples of the historic open, fire-maintained stand conditions 
remaining. 

Current stands contain more small trees, and fewer large trees than existed in the past, increasing the 
amount of ladder fuels. In each of the vegetation types described, forest fuels have accumulated from 
plant material that is dead and dying.  Relatively drier climatic conditions and slow decomposition rates, 
combined with the interruption of historical fire return intervals, have resulted in large accumulations of 
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burnable materials.  Current tree growth rates are commonly slow, and stand vigor is declining as 

competition for water, nutrients, and growing space has increased as a result of higher tree density. The 
low level of tree and stand vigor makes trees more susceptible to insect attack and disease mortality, 
combined with increased density of vegetation and continuity of fuels coalesces in an increased 

probability of severe effects from wildfire. 

Timber management activities on the Gila National Forest are trending toward targeting improvements 
to forest structure and function. Addressing mid- and overstory conditions is critical to these restorative 
efforts, as this affects overstory species composition, stand structure, potential crown fire starts and 
spread, stand density, and influences on understory conditions. Relying on other vegetation management 
methods, such as understory burning, does not necessarily have the same selective capacity, especially 
with regards to the overstory. 

Short-term negative impacts to forest soils and hydrology can be expected from timber management 

activities. Limited soil compaction and waterway sedimentation may occur due to disturbances from 
logging equipment, skidding, landings and temporary road construction, and use. These effects are 
typically mitigated by limiting ground-based operations to relatively gentle slopes, as well as establishing 
limits to extent of disturbance and proximity to riparian and/or other sensitive areas.  Long-term benefits 
to ecosystem resilience, disturbance regime, nutrient cycling, biodiversity and food webs, old-growth 
condition, overall hydrologic function, wood products, and aesthetics and recreation can outweigh short-

term negative impacts (Reynolds et al. 2013). 

Trends Driving Supply and Demand of Timber and Special Forest Products 

The supply and demand for timber is driven by regional, national, or global forces. Local drivers are 
smaller in scope and scale, and generally have only minor effects on the overall market for timber and 
lumber products. Demand for woody material from the Forest is largely driven by fuelwood needs. This 
demand is made evident by the proportion of volume sold as fuelwood as discussed above (Table 204). 

Other local demand for woody material comes from mills that generate rough cut lumber, fuelwood, 
and other specialty products for use in local custom-built homes. The demand for firewood by families 
and communities has remained stable to slightly increasing over the last five years, primarily due to 
higher cost of natural gas and propane delivery versus the availability of wood in close proximity to the 

communities the Gila NF serves. 

The Forest Service recently acknowledged the critical need to increase the pace of restoration to address 
a variety of threats including fire, climate change, and insect and disease outbreaks (USDA FS 2012c). 
Across the nation and in the Southwest, there is broad public support for actively managing forests to 
be more resilient to these threats. In response, the Gila National Forest is generally shifting planning and 
implementation efforts to encompass larger landscapes. This broad recognition is piquing interest in the 
feasibility of commercial use of traditionally sub-merchantable materials, such as small diameter 

dimensional lumber and wood-based energy production for forest product business located in eastern 
Arizona.  The Gila NF will continue to work with other Federal, State, and local government agencies, as 

well as non-government organizations to build facilities and markets that will use this type of material.   

The near-term potential for impacts to the Forest is probably low, as the haul distance to these facilities 
is long.  Future projects/activities in the northwest portion of the Forest (Quemado Ranger District) 
could provide material for eastern Arizona business. What is clear is that the Forest intends to manage 
National Forest System lands such that species composition, structure, and function are more akin to 
historical conditions, and to do so at a broad scale.  This work will be completed within the agency as well 
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as with the assistance of partners that would include Federal, State, and local government agencies, 

conservation groups, businesses, and any other interested stakeholders.  The Gila NF plans to work with these 
partners and build upon our past successes to use all available options to make more wood products 
available than current local manufacturing facilities can support.  These options include but are not 
limited to the use of grants, agreements, contract options, and authorities allowed on National Forest 
System Lands. 

Contributions of Timber and Special Forest Products to  
Social, Cultural, and Economic Sustainability 

The Gila National Forest administers its lands for a variety of objectives that can generally be described as 
forest ecosystem and watershed restoration. Timber and woody material is largely derived as a byproduct 
of restoration and other activities.  There has been a long-term historic demand for firewood, which 
continues to this day.  The ability to access the Forest and gather firewood is very important for local 
communities.  The Forest makes firewood available throughout the Forest as part of CFRP projects and 
designated areas for those with a permit to gather firewood.  The ability to access the Forest and gather 
firewood is very important traditional use for families and communities surrounding the Forest.  Often 
firewood gathering is a family event.  The use of firewood for heating saves many families money over the 
cost of using utility sources for their heating.  

The Forest is adjacent to the Cibola National Forest and Apache-Sitgreaves National Forests in Arizona, as 
well as Bureau of Land Management, state, and privately owned lands.  Currently, the mill in Reserve, New 
Mexico employs eight people at the mill and up to ten people on timber sales.  There are also approximately five 
active smaller mills that purchase timber to produce rough cut lumber and other forest products on a limited 
scale and at least seven fuelwood businesses based upon sales of permits.  The number of employees in these 
businesses is not known and many may be self-employed businesses with no paid employees.  In 2013, timber-
related jobs accounted for less than one percent of private sector employment within the four counties: Catron, 
Sierra, Grant and Hidalgo; that the Forest is situated (Headwaters Economics 2016).  Catron County has the 
largest percent of the total timber-related employment due to the number of permits sold and the location 
of these businesses.   

There is a broad interest in increasing the pace of restoration activities, which may pave the way for 
potentially innovative wood facilities in the future.  The efficient management and sustainable use of wood 
resources was identified as one of the Natural Resources policies within the Grant County Comprehensive 
Plan (2004).  Sierra County identified opportunities to explore markets for harvested materials and 
sustainable wood product industry for wide spectrum of producers and local entrepreneurship (Sierra 
County 2006). 

The relation of timber to the social and economic importance to Catron County are identified in the 

Catron County Comprehensive Plan (2007), which include: 

 Per the Healthy Forest Initiative, continue to work with the US Forest Service in order to 
support efforts to revive the timber industry in the County with a focus on smaller diameter 

trees and wood products (Economic Development Goal 1; Objective 1d). 

 Workforce development and training is essential for Catron County’s future economic growth, 

especially given the lack of population.  One of the biggest issues regarding business retention 
and attraction is the lack of training for people entering the workforce.  Workforce 
development and training is especially important should the timber industry become viable 

again or to meet new opportunities such as potential growth in the construction industry. 
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 Targeted industries…need to be appropriate to Catron County and take into consideration 

existing County resources such as water and values…The following industries are reasonable 
for targeting for location in Catron County: 

o Specialty Retail consisting of smaller shops focusing on specific products such as 

woodcrafts, arts, crafts due to timber products being available. 

o Bio-Fuels due to availability of materials generated from forest projects. 

Stakeholder Input 
Many comments received from stakeholders were related to economic development and opportunities 
related to wood products.  There is a desire to increase timber or wood product cutting to aid in economic 
development, create jobs, and establish or improve business and mill infrastructure.  Employment is not 
just related to mills, but also crews for thinning and piling on logging operations or restoration projects 
reducing tree densities or reducing fuel hazards.  It is felt that there needs to be more collaboration 
between the Forest Service and private sector to be successful.   

The reduction of logging and thinning is thought to have resulted in overgrown forested areas, more fuel 
load to burn, and insect infestation.  The lack of logging or removal of dead or dying trees resulting from 
fires are adding to the fire risk and more insect infestation.  It is felt that there is a loss of economic 
opportunity by the lack of logging or cutting available materials; having fires consuming woodland and 
forest resources; and not harvesting burned dying trees shortly after fire events when material is still viable 
for use. 

Comments expressed the need to have more proactive management of forests.  There is a sentiment that 
effective tree reduction (management) would benefit communities, property owners, industry, and forest 
ecosystems.   

Alternative opportunities were suggested for the use of smaller diameter trees, burned logs, slash 
material, or other products.  This included such things as wood pellet or chip production or creating 
material for bio-generator use.  Greenwood fuel wood cutting areas could be increased in size with easier 
accessibility and size restrictions on trees changed to promote more collection and reduction of juniper 
stands in grasslands.   

Many comments expressed concern about the occurrence of illegal wood cutting on the Forest.  Some 
examples of impacts identified with illegal wood cutting were damage to the land and resources from use 
of motor vehicles driving everywhere and cutting fences.  It was articulated that there needed to be more 
management, restrictions, and law enforcement presence to address the concern of illegal wood cutting.   

Summary 

The Gila NF’s primary contribution of timber and forest products is to local communities around the 
Forest for logs, firewood, and other forest products. An increased emphasis on land restoration projects 

should allow for the continued ability to contribute to this demand. The Forest should be able to 
continue to meet demand for the local mills which operate in or adjacent to the planning area. An 
increase in forest restoration projects will be vital to help sustain forest and watershed health, reduce 

potential for uncharacteristic wildfire, and improve or maintain wildlife habitat. 
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Range 
Multiple use management on the Gila NF includes producing forage for wild ungulates and domestic 
livestock. The ranching culture and tradition in New Mexico is deeply rooted in history. The Forest Service 
began administering grazing on NFS lands in 1899, however rangelands were grazed long before then by 
earlier generations. Because settlers had utilized these lands for so long, raising livestock has become a 
very important part of the culture of the communities surrounding the Forest. As a result of historical use 
the plan area has inherited a legacy of ecological impacts from high numbers of livestock. As the majority 
of land ownership in the assessment area is either federal or state, many ranching operations still rely on 
public lands for livestock grazing. Maintaining the sustainability of ecological resources is important for 
sustaining this social, cultural and economic benefit for local communities. This section identifies and 
evaluates:  

 Ecosystem services derived from grazing multiple use 

 Current grazing and trends on the Gila National Forest 

 Range condition and trends on the Forest 

 Capability and productivity to support grazing 

 Impacts of livestock grazing on ecological integrity and species diversity 

 Contributions of livestock grazing to social, cultural, and economic sustainability 

 Summary of rangeland and livestock grazing on the Gila National Forest 

Ecosystem Services of Rangelands  
Rangelands on the Gila NF provide a variety of benefits to local communities.  Forage produced on 
rangelands has sustained ranching operations for generations; some of which would not remain viable 
without access to public grazing land.  Not only does grazing generate income for the ranching families, 
but it also benefits the local economy by producing food and other products, providing local jobs, and 
commerce to local businesses for goods and services needed locally to manage livestock/ranching 
operations. Rangelands sustain cultures and traditions by contributing to the historical western way of life, 
and connect future generations to the land and livestock. Rangelands provide open space and 
opportunities for recreational activities such as picnicking, hiking, biking, OHV and horseback riding, 
hunting, etc. In addition, range improvements such as water developments benefit different species of 
wildlife. 

Current Level and Trends  
Currently 2.6 million acres of the 3.3 million acres of the Gila National Forest are managed for livestock 
grazing.  As of March 2016, there were 138 active grazing allotments, 11 vacant (included in the active 
allotments) and 3 closed allotments on the Forest, all of which are administered by six different ranger 
districts (Table 205). Vacant allotments are included in the active allotments because they can be used as 
relief allotments, on an “as needed” basis by a valid permit holder although some range developments 
may be in disrepair. This case may occur as an adaptive management response to address resource 
concerns such as fire or drought. In other cases, vacant allotments or portions thereof may be included 
into the management of adjacent allotments. 

For administrative purposes of livestock management, there are three units identified for distinct 
purposes: 

1. Head month (HM) is a month’s use and occupancy of rangeland by one weaned or adult cow, bull, 
steer, heifer, horse, burro, or mule, or five sheep or five goats.  Head months are used for grazing 
fee calculation and collection purposes. 
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2. Animal Unit Month (AUM) is the quantity of forage required by one mature cow and her calf (or
the equivalent, in sheep or horses), for one month.

3. Permitted numbers represent the total number of livestock pairs or individuals permitted on a
given grazing allotment.

4. Authorized numbers are expressed in head months and represent the year to year actual stocking
on the allotment, based on forage and water availability, condition of range improvements, climatic
conditions, personal convenience for the permittee, or resource protection non-use.

Permittees or the Forest may place an allotment or their permitted numbers into partial or total non-use 
for either personal convenience (3 year limit), or for resource protection (longer term non-use associated 
with a Memorandum of Understanding between the permittee and the Forest).  There are currently 13 
allotments that have been placed in long-term non-use for resource protection due to circumstances such 
as drought, and/or inadequate infrastructure (i.e., fences, water sources, corrals) (Table 205).  During the 
past 10 years, authorized numbers have been below those permitted, mostly due to adaptive management 
responses to drought (Figure 164).  Figure 165 shows the long term trends in permitted Animal Unit 
Months on the Gila NF.  The noticeable peak around 1920 is due to the Forest Service being requested 
by the Hoover Commission to increase livestock numbers to produce more meat, wool, and mohair 
during World War I, although these numbers led to significant range deterioration (Chapline 1980).  

Table 205.  Grazing allotments on the Gila National Forest by ranger district (2016). 

Status / 
District 

Black 
Range 

Quemado Glenwood Wilderness Reserve Silver 
City 

Active 1 19 27 29 11 21 31 

     Vacant 2 1 1 3 2 1 3 

     Non-use 3 3 0 0 6 0 4 

Closed 4 0 0 0 0 0 3 

Total 
Allotments 

23 28 32 19 22 41 

1 Active includes long term non-use & vacant
2 Vacant allotments are included in the active allotments because they can be used as relief allotments, on an “as needed” basis 

by a valid permit holder although range developments may be in disrepair. 
3 Long term non-use for resource protection or infrastructure needs
4 Closed is closed by NEPA Decision



Chapter 11. Multiple Uses 

 
Gila National Forest Assessment Report – Final  510  

 
Figure 164.  Permitted and authorized livestock head months (HM) on the Gila National Forest 

2005-2015. Source: USFS Gila NF 2016b 

 
Figure 165. Total permitted animal unit months (AUMS), 1906-2007.  

(Apache National Forest allotments not included) 

Grazing Management 
Management direction under the current Gila Land Management Plan (USDA FS Gila NF 1986) states:  

 Provide forage to the extent benefits are commensurate with costs without impairing land 
productivity and within the constraints of social needs.  

 Provide cooperation with other agencies and private range landowners to reduce impacts of 
livestock grazing. 
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 Identify and manage areas that contain threatened and endangered species of plants and 

animals. 

Grazing management for specific grazing allotments is determined through completion of the NEPA range 
analysis process under FSH 2209.13 – Chapter 90 Rangeland Management Decision-making. The Gila NF 

is continuing to work through a schedule for range analysis and preparing to initiate reviews of older 
decisions in accordance with NEPA.  The Section 18 review process FSH 1909.15 section 18.2 – 18.4) 
reviews prior NEPA decisions in order to assess if grazing activity, associated permits, AMPs, and/or AOIs 
are consistent and within the bounds of the existing NEPA documentation.  If as a result of the review, 
there are inconsistencies, a determination is made to make a correction, supplement or revision or 
initiate another analysis for continuation of grazing on range allotments. 

Current grazing analysis and management includes adaptive management strategies which is a system of 

management practices based on clearly identified intended outcomes and monitoring to determine if 

management actions are meeting those outcomes; and, if not, to facilitate management changes that 
will best ensure that those outcomes are met or re-evaluated. This allows management flexibility within 
the NEPA decision, such as changes in livestock number and season or length of use in response to 
variable resource or climatic conditions.  

Range Condition 
Range condition can be described as the “state of health” of the range.  More specifically, range condition 
is an ecological measure of the current condition of the range as compared to the potential (often called 
“climax”) (McGinty and White 2016).  The Gila National Forest Land Management Plan (USDA FS Gila NF 
1986) states “Range condition as evaluated and ranked by the Forest Service is a subjective expression of 
the status or health of the vegetation and soil relative to their combined potential to produce a sound and 
stable biotic community.  Soundness and stability are evaluated relative to a standard that encompasses 
the composition, density, and vigor of the vegetation and physical characteristics of the soil.”  Range 
condition is evaluated for each allotment on the Forest through the project to plan analysis under the 
guidance of FSH 2209.13, Grazing Permit Administration Handbook, Ch. 90 Rangeland Management 
Decision Making. 

Historical 
Livestock grazing was introduced in the Southwest in the late 16th century by the Spanish and included 
cattle, horses, goats and sheep.  Pueblos and Spanish-American villages practiced year-long grazing in the 
tradition of open range for several hundred years.  By the early 1800s Spanish-Americans had developed 
large cattle herds in New Mexico.  After 1870, the cattle industry expanded.  It is estimated that on New 
Mexico rangelands there were 158,000 cattle in 1870 and 1,065,000 in 1886.  Range conditions 
deteriorated and following the drought of 1886, thousands of cattle starved.  This drought, range 
deterioration and competition for grazing lands brought about the fencing of private rangelands.  Open-
range grazing ended on all but Federal lands.  By 1900, there were so many livestock on public lands that 
evidence of degradation was apparent even in “good” years (Baker et al. 1988). 

The 1905 USGS report included a description of range conditions across the Forest.  In the vicinity of the 
T Bar Grasslands, the report documents the grazing of sheep had produced “a barren desert, not a blade 
of grass to be seen and even the roots being entirely destroyed.”  Conditions were similar, “but not so bad” 
over much of the Forest.  The area around the East Fork Gila River and the Black Mountains was an 
exception, which Rixon described as having “a fine growth of grass” (Rixon 1905).  
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Based on decadal averages, from 1910 to 1960, livestock grazing on the Gila National Forest was reduced 
by 64 percent.  Sheep and goat numbers began to decline and no longer grazed the Forest after the 1970s, 
although most of these animals were taken off the Forest long before.  During the 1930s, many watershed 
structures were installed across the Forest in attempts to control gully and rill erosion.  Many non-native 
perennial species were seeded in association with those structures to assist in stabilizing the soil.  Most of 
these structures were never properly maintained for long and are either at capacity or otherwise non-
functional.   

Current Range Conditions 
Range condition long term trend monitoring has occurred on the Forest since the 1950s, when the first 
transects were established using the Parker Three Step method.  The majority of grazing allotments have 
undergone range analysis that determines overall range condition, directly relating to estimated capacity, 
permitted numbers, season of use, and grazing management.  Many of these decisions date back to the 
mid and late 1990s.  The Forest is scheduled to complete NEPA analysis on all allotments by 2025.  

Range condition on the Gila NF is for the most part determined by using the Parker 3 step method which 
involves collecting data related to plant composition and vigor, and soil characteristics; then determining a 
“condition class” and trend to the specific area.  These condition classes include very poor, poor, fair, good 
and excellent ratings and are associated with a trend of upward, downward or stable. The Parker 3 Step 
protocol contains valuable historical data and will continue to be used as part of the Forests rangeland 
analysis process.  However, the Forest is in the process of transitioning from this method for assessing 
rangeland health to different types of assessments such as cover frequency and other types of assessment 
protocols.  FSH 2209.13, Grazing Permit Administration Handbook, Ch. 90 Rangeland Management Decision 
Making provides recommendations for other assessment methods. 

After centuries of grazing, overall rangeland conditions on the Forest have improved substantially over the 
past several decades. Review of past and current range analysis, photo records and personal 
communication with district range and Forest staff, indicate most rangeland areas within the plan area are 
in “fair condition” with stable to upward trends. There also remains some areas within the Forest that 
reflect “poor” conditions.  However, as mentioned above, many allotments on the Forest are in need of 
NEPA review (Section 18 Review) to evaluate new information. 

In addition to long term trend analysis and professional judgement, other indications of range condition 
can be inferred from riparian assessments such as Proper Functioning Condition, Watershed Condition 
Assessments and annual implementation monitoring outcomes for forage utilization, and overall grazing 
management compliance.  

Riparian Areas 

Streams on the Gila NF provide essential habitat for many aquatic, terrestrial and riparian species, and in 
some cases water for livestock. Some riparian areas on the Gila NF are inaccessible to livestock due to 
natural barriers (topography), or excluded by fencing due to resource concerns (see Chapter 9: System 
Drivers and Stressors for more details). Regardless of accessibility, streams are evaluated during range 
analysis using the Proper Functioning Condition protocol (Prichard et al. 1998). These assessments are 
accomplished during the range analysis process.  Overall, these assessments depict improving trends 
across the Forest’s riparian areas (personal communication, M. Natharius).  Please refer to Chapter 7: 

Riparian for more information about riparian conditions and functions.  

Watershed Condition Framework/Classification As An Indicator of Range Condition 
The Watershed Condition Framework (USDA FS 2004, FSM 25231.1) also gives us information about range 
condition, as several of the indicators relate directly to rangeland vegetation condition and the presence 
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of invasive species.  This classification uses 12 core national indicators to describe overall watershed health 
and function, three of which are informative for range condition: rangeland vegetation, invasive species 
and soil condition.  These three indicators for the 6th code watersheds assessed showed functioning at 
risk (70%), and functioning properly (23%) for rangeland vegetation; functioning properly (99%) for 
invasive species; and functioning at risk (46%) and functioning properly (32%) for soil conditions.  These 
three attributes do not alone indicate overall watershed condition. This framework is discussed in more 
detail within Chapter 6: Water.   

The rangeland vegetation indicator was scored by District range specialists referencing available data 
collected at permanent range monitoring sites, the national ruleset provided in the technical guide 
(Potyondy and Geier 2011) and professional judgement to rate this indicator. Range condition data scores 
sites into very poor, poor, fair, good and excellent condition categories as identified by the Parker 3-step 
protocol. For the watershed condition assessment, ratings were averaged to each subwatershed with very 
poor and poor range condition categories being equated with Impaired Function indicator ratings, fair with 
Functioning at Risk, and good and excellent being equated with Functioning Properly indicator ratings. 
While the range data includes trend analysis, the watershed condition classification does not provide a 
means to report trends; therefore trends were not assessed at the watershed scale. 

Although the indications of historic overgrazing cannot be reversed, adaptive management strategies 
have led to improved range condition in some areas, stabilized trend in others, and the identification of 
those areas still in poor condition. Monitoring data continues to accumulate, and the prospects are good 

for adaptive management to lead to further improvement even in the face of climate change. 

Stressors to Rangelands and Grazing 

Drought/Climate Change 

Livestock ranching operations manage millions of acres of US rangeland ecosystems.  These operations 
produce food and are increasingly important for providing ecosystem services as more rangelands are 

permanently converted to development.  Droughts like the one that began in 2011 and affected huge 
areas of the central and western US can trigger undesirable ecological changes in rangelands, reduce 
livestock production and provision of ecosystem services and threaten ranching livelihoods (Kachergis et 

al. 2014).  

In 2015, the Forest Service Southwestern Region prepared the Climate Change Vulnerability Assessment 
(CCVA) for the Gila NF (Triepke 2015).  This is an ecosystem-based vulnerability assessment for all major 
upland ecosystems (Ecological Response Units) in Arizona and New Mexico based on the anticipated 
effects of climate change.  Four vulnerability categories are reported: low, moderate, high and very high.  
These categories are accompanied by uncertainty categories to account for difference in climate model 
predictions and are also reflected as low, moderate, high and very high. This assessment describes the 
relative susceptibility of an ecological type conversion.  Overall, the Forest falls into the moderate 
vulnerability and uncertainty categories. Given these predictions, rangeland managers must stay judicious 
in providing for flexibility in managing rangelands (e.g. ability to use multiple management 
options/adaptive management) for drought, which is imperative to ranching operations and range 
ecosystem sustainability. Please refer to the Drivers and Stressors section of this document for more 

information about the CCVA.  

Although livestock managers have historically dealt with drought conditions (e.g. Dust Bowl year of the 
1930s, the mid 1950s drought and the 1988 drought), current efforts associated with the dry years of the 
early 21st century demonstrate that there is a need for adaptive management to increase resiliency of the 
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rangeland vegetation and sustainability of rural communities and economies.  Adaptive management 

necessitates that 1) adjustments are made when temporally appropriate (both within and across years), 
2) experiential and experimental knowledges blended to provide sufficient capacity for flexibility with 
predicted long-term droughts that are more intense/severe, as well as “flash” droughts like the one 
experienced across a wide swath of the US in 2013 and 3) spatial and temporal variability are embraced 
rather than looked at as negatives.  Key for livestock managers is how to increase flexibility in 

management to adapt to increasing weather variability associated with a changing climate (Derner 2015).  

Invasive Species 

Invasive plant species within the Gila NF are not well established across the landscape when compared 
to other western United States National Forests.  However, disturbances such as fire, drought, vehicle 
travel, herbivory and possible adjacent land owner infestations increase the risk of invasive species 
introduction, establishment and spread on rangelands.  The majority of invasive species are unpalatable 
to livestock and their presence reduces the overall quantity and quality of palatable forage to sustain 
livestock. When established, invasive species disrupt the structure and stability of native plant 
communities, degrades native wildlife habitat by out competing and replacing native plant species, 
changes soil characteristics, all of which threaten overall rangeland ecosystem health.  For more details 

refer to Chapter 9: System Drivers and Stressors. 

Management Challenges for Rangelands and Grazing 

Fire Effects to Grazing 

Wildfire, managed fire and prescribed fire, can provide long term benefits to maintaining the ecological 
integrity of grasslands and preventing woody species encroachment.  However, fire management 
activities do pose short-term management challenges for rangeland managers and livestock operators.  
These challenges often include the need to rest areas from grazing after fire to provide forage recovery, 
which can cause the permittee to change pasture rotations, find other allotments to graze, or move 
livestock off the National forest to deeded land.  

Threatened & Endangered Species 

The presence of species listed as threatened or endangered under the Endangered Species Act can also 
present management challenges for managers and operators on many allotments in the Gila NF.  The 
presence of listed fish species in some cases restricts watering areas for cattle or requires fencing and 
related fence maintenance.  Mexican wolf-livestock conflicts and depredations are a major concern to 
permittees. Depredations, managing around den or rendezvous areas increases the intensity and cost of 
livestock management. 

Capability and Productivity of the GNF 
The Gila has supported public grazing for many years.  As stated above, livestock numbers have been 

greatly reduced since the early 1900s.  The past 20 years have seen minor fluxes in authorized grazing 

use mostly due to drought and/or personal convenience non-use.  Summaries from range analysis and 

professional judgement depict an upward trend in range condition overall; utilization monitoring in 
general is within or below established utilization standards, other than in isolated areas; and other range 
assessments such as upward trends in riparian conditions indicate that the Forest is capable of supporting 

livestock grazing. These observations combined with adaptive management strategies that allows grazing 
management to respond to changing resource or climatic conditions, further demonstrates that the Gila 
NF rangelands are able to provide the needed forage and resource productivity to support public grazing 

as a multiple use. 
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Impacts of grazing on Ecological Integrity and Species Diversity   
Impacts from unmanaged livestock grazing can result in adverse impacts on ecological integrity and species 
diversity. The effects of poor grazing management are well documented.  Reductions in vegetative cover 
and soil compaction can lead to decreased water infiltration, increased runoff and accelerated erosion 
(Belsky and Blumenthal 1997; Smith et al. 2009; Holechek et al. 2010) depending on the degree and extent 
to which they occur.  Where decreases in herbaceous biomass occur, the ability of frequent fire ecosystems 
to carry low intensity fire can be reduced (Belsky and Blumenthal 1997; Holechek et al. 2010). It also 
reduces the risk of moderate and high intensity fire. Decreases in fine fuels can also lower fire severity 
when fires do occur. Additionally, decreases in the herbaceous component reduces competition by grasses 
with woody species, allowing those woody species to expand or encroach into grasslands and woodland 
and forest openings (Allen 1984; Moore and Huffman 2004). While there is evidence that heavy grazing 
can degrade arid rangelands (Todd and Hoffman 1999; Loeser et al. 2007 among others), there is also 
evidence that properly managed grazing can be sustainable (Pieper 1994; Loeser et al. 2007; Holechek et 
al. 2006, Holechek et al. 2010; Davies et al. 2011, among others). 

According to Holechek et al. (2010), heavy stocking (51%-60% utilization) consistently caused a downward 
trend in ecological condition, light stocking (0%-30% utilization) caused an upward trend, and a slight 
improvement occurred under moderate stocking (41%-50%). “Conservative” grazing is defined by Holechek 
et al. 2004, as a level of grazing between light and moderate which optimizes ranching risk, financial returns, 
and livestock productivity.  This equates to an average of 35% utilization (range of 31%-40% utilization).  
Unless other management objectives are stated for specific areas, such as dormant season grazing, or cases 
in need of a lesser degree of utilization, in order to promote upward trend in range condition, this 
conservative level is the standard adhered to on the majority of the grazing allotments administered by the 
Gila NF. Also according to Holechek it has been known for some time that certain degrees of utilization can 
increase plant productivity.  Removal of apical dominance by grazing or browsing has been long understood 
as one means of increasing productivity.  However, this can be highly variable depending on species, climate 
and intensity of grazing. In addition, the presence of livestock on the rangelands can result in positive 
outcomes, such as invasive plant detection, in the sense that livestock managers are continually monitoring 
for invasive species during their presence on the landscape, reduction of fine fuels (grasses and forbs) 
through grazing where spread of fire is a concern, and supplementary water developments that benefit 
wildlife permitting use of areas from which wildlife were previously excluded due to lack of water.  

Competition for forage between livestock and elk is an ongoing concern for livestock producers within 
the plan area. Livestock grazing has been considered detrimental to wildlife by some; however, livestock 
grazing and diverse and productive wildlife populations can coexist provided good management is in 
place for all species. It is difficult to generalize the impact of livestock grazing on wildlife because of the 
uniqueness of each grazing situation and varying habitat requirements of different wildlife species.  
Improperly managed grazing of livestock, or wildlife can have negative impacts to ecological integrity and 
species diversity. This would include poor distribution, grazing numbers above ecological capacity, and 

over populated wildlife. However, there are potential benefits to wildlife habitat from managed livestock 
grazing. Livestock grazing can improve forage quality by removing coarse grasses and allowing for 

nutrient-rich regrowth (NMSU 2016).  According to Vavra (2005), managed livestock grazing programs, 
have the potential to maintain habitat diversity and quality for wildlife.  In addition, the indirect 
advantages of livestock on the landscape include additional water developments and invasive species 

detection. 

According to Westoby et al. (1989), “Vegetation changes occur as a result of many factors other than 
grazing, and disturbance is a natural feature of plant communities.  Grazing is not necessarily a primary 
driver of vegetation change and even when grazing has been the cause of vegetation change, current 
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levels of grazing may be inconsequential and even completely removing grazing will not always result in 

return to historical conditions.”  Within the Gila NF, areas of forage reduction (i.e., denser forests, infill, 
meadow encroachment); poor distribution of livestock for various reasons and lack of water in upland 
areas during drought periods are the primary reasons for localized overgrazing of both terrestrial and 

riparian habitats.  

Although the legacies of historic overgrazing cannot always be reversed, more intense management and 
adaptive management strategies have led to improved range condition in some areas, and stabilized 
trend in others. With ongoing range analysis and new monitoring technologies, the prospects are good 
for adaptive management to lead to further improvement of rangeland ecosystems as a whole.  See 

Chapter 9: System Drivers and Stressors for more information. 

Contributions of grazing in the plan area to Social, Economic, and Ecological 
Sustainability (on Forest and in outlying communities) 

Grazing plays an important role in the local area economy. The Gila National Forest grazing program 
contributes approximately 434 jobs, $5.5 million in labor income, and $34 million in total output to the 
four-county area (see Chapter 10: Social, Cultural, and Economic Conditions). These jobs and income 
are not only from direct grazing activities such as ranching, but also include indirect effects. For 
instance, when a rancher purchases machinery, veterinary services, or groceries, these economic 
contributions also occur.  See Chapter 10: Social, Cultural, and Economic Conditions for more details of 

economics in the plan area. 

Almost all ranching operations in New Mexico are family businesses, and also the socio-economic 
baseline for many communities in the state (Table 206).  There are approximately 6,800 beef and sheep 
producers in New Mexico.  Among the beef producers, approximately 67% own less than 50 head of 
cows.  However, there are nearly 200 ranches that have greater than 500 head. Ranching has been a 
relatively stable economic and cultural foundation for the majority of New Mexico communities (NMSU 

2016).   

Table 206. Number of cattle, farm and ranches, and cash receipts from cattle/calve production 
from the New Mexico Agricultural Statistics (2012-2014) for New Mexico and counties which 
include the Gila National Forest (USDA 2014).   

 Cattle Number Farm & Ranches 
Cash Receipts from 

cattle/calves ($1000’s) 

New Mexico 1,340,000 24,721 $1,092,753 

Catron County 26,000 351 $21,203 

Grant County 26,500 407 $21,610 

Hidalgo County 26,500 171 $21,610 

Sierra County 18,600 256 $15,168 

Total 97,600 (7.3%) 1,185 (4.8%) $79,591 (7.3%) 

Note: Values shown in ( ) are percent of the four counties in relation to entire state values. 
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Ranching historically has been a part of the base traditional social and economic structure of the 

counties encompassing the Forest.  Maintaining and protecting the traditions of ranching and associated 
economic contributions to families, communities, and counties is important to all of the counties 
encompassing the Forest (Grant County 2004, Sierra County 2006, Catron County 2007; Hidalgo County 

2011).  Ranching provides an opportunity for Catron County (2007) and Sierra County (2006) to consider 
an existing resource within the Counties to potentially develop a tourism industry related to the life of 
a cowboy by driving cattle, building fence, or branding.   

The Gila National Forest has one of the largest grazing programs in Southwestern Region.  Since a 
substantial amount of the four county assessment area is federal land (see Chapter 17: Land), grazing on 
federal land is vital to the economic sustainability of the surrounding communities of the Gila NF. Many 
members of rural communities have historical ties to ranching, and many families continue to carry on 
this profession both for livelihood and to retain cultural/traditional values.  Ranching is a long-term 
commitment of investment capital and personal devotion that also provides economic stability to the 

State of New Mexico. 

Stakeholder Input 
There are often many points of view regarding grazing cattle on the Forest.  One is to graze more cattle, 
including sheep, goats, and horses; and another is to vacate all or some allotments and rest the land.  
There are also those who want to continue managed cattle grazing but have protection and improvement 
of resources, including streams, riparian habitat, watershed condition, and grasslands. 

It is a concern that past reduction of cattle numbers has impacted the lifestyle and tradition of ranching 
for families and contributed to the loss of revenue to both ranchers and counties.  Overall there is desire 
to graze more and improve economic revenue.   

The capacity to graze livestock is impacted by encroachment of juniper and piñon pine tree species 
grasslands on the Gila NF.  The reduction in the availability of grass is impacting both cattle and wild game 
including elk.  It was suggested to utilize livestock in improving ecosystems by allowing grazing to assist in 
the reduction of grass, brush height, and density therefore reducing fuel loading.  There were concerns 
expressed that elk are contributing to impacts to resources and contributing to the reduction of livestock 
numbers.  Comments expressed the need for the Forest Service and New Mexico Department of Game 
and Fish do more coordination and work on a grazing management plan to manage forage, wildlife 
numbers, and cattle.   

Regulations, including NEPA, threatened and endangered species, and cultural clearances are seen as too 
stringent or restricting and time consuming, impacting the permittee and management of livestock on the 
ground.  There are concerns that changes cannot be made to management decisions until new NEPA is 
completed, which may be a long time to wait.  There is a sentiment that allotment permittees, especially 
long-term permittees, should be listened to and allowed to manage the livestock because they have more 
knowledge about the area.   

Other concerns are the impacts of feral cattle affecting riparian habitat and the lack of action to address 
the problem.   
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Water 
This section briefly describes the water resources, uses and trends on the Gila National Forest and 
surrounding counties, in addition to looking at the contribution of water resources to social and economic 
interests.  Chapter 6: Water provides more detail on the ecological characteristics of water resources 
within and surrounding the Gila NF.  Aquatic ecosystems provide a variety of ecosystem services and 
economic benefits to society, ranging from products such as safe drinking water to healthy and abundant 
fish populations that provide food and recreational opportunities (USDA FS 2012d). 

Ecosystem Services of Water 
Water resources on the Gila NF provide many ecosystem services from which society derives enjoyment 
or benefit. It provides supporting ecosystem services such as primary production, soil formation and 
nutrient cycling, and for sustaining all life. Water resource features contribute to provisioning and 
regulating services by contributing to erosion control, flood regulation, water purification, domestic and 
agricultural uses, the production of forage, livestock, and game animals taken for meat, and other 
products. They also provide many cultural ecosystem services to society as they provide opportunities for 
recreation, personal enrichment, education, and research. 

Water Rights 
All natural waters flowing in streams and water courses and found underground in New Mexico are 
declared to be public and subject to appropriation for beneficial use.  In New Mexico, beneficial use 
includes the following: domestic use, livestock and wildlife watering, irrigation, prospecting and mining, 
and construction of public works, highways and roads.  Water for fish culture is not nor are instream flows 
considered a beneficial use. The four basic rules that govern New Mexico water law are as follows: 

1. “First come, first served”.  Water in New Mexico is governed by the "doctrine of prior
appropriation".  The fundamental principle of this doctrine is that the first person to divert water 
from a stream has the right to continue his or her use of water in times of shortage.   

2. Water must be applied to a beneficial use.  "Waste" of water is prohibited under New Mexico
water law.  

3. Water rights are freely transferable.  In New Mexico, water rights may be bought, sold, and
moved around rather freely within the basin.  Users may change both their "point of diversion" and 
type of use.   

4. “Use it or lose it”.  Unlike other property rights, simple failure to use water for a period of time
may result in a permanent forfeiture of the right to use the water in the future. 

Water Rights on Forest Service Lands 
Surface water and groundwater is administered by the New Mexico Office of the State Engineer through 
a permitting process.  This applies to new appropriations, transfers of location, changes in beneficial use, 
changes in point of diversion, or enlargements.  Stream systems and underground basins as outlined by 
the State Engineer determine which rules and regulations each water right claim fall under.  Spring 
developments and stock tanks fall under surface waters which are regulated by stream system, while wells 
fall under groundwater, which is regulated by declared groundwater.  Approximately 75% of the Gila NF 
lies within the Gila-San Francisco stream system and its associated groundwater basin.  The remainder of 
the Forest lies within the Little Colorado, Rio Grande, Lordsburg, Animas, and Mimbres stream systems 
and their associated groundwater basins.  Maps of the New Mexico stream systems and groundwater 
basins can be found on the State Engineer’s website at:
 http://www.ose.state.nm.us/HydroSurvey/index.php and http://www.ose.state.nm.us/GIS/maps.php.  

http://www.ose.state.nm.us/HydroSurvey/index.php
http://www.ose.state.nm.us/GIS/maps.php
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While similar in many cases, the map boundaries are not the same as the NHD watersheds currently used 
by the Gila NF and coordination is always necessary to ensure that State Engineer maps are used for water 
right claims. 

The Gila-San Francisco (GSF) stream system has been adjudicated (i.e. court has determined water rights), 
and is considered fully-appropriated, with no new appropriations permitted by the Office of the State 
Engineer.  Transfers of water from surface to ground, changes in points of diversion, and places and 
purposes of use are common.  Any new developments that the Forest constructed within the GSF after 
July 3, 1978, where the Gila NF did not claim a reserved right, would have to be transferred from some 
other development within the basin that had been filed upon or declared with the State Engineer.  

Other adjudications that have been completed that pertain to Gila NF lands include the Animas and 
Mimbres stream systems.  The only active adjudication that affects the Gila NF is the ongoing Lower Rio 
Grande stream system, which was initiated in 1997.  

In those stream systems that are not adjudicated (Rio Grande, Lordsburg, and Little Colorado), the Forest 
routinely files on and constructs spring developments, drills wells in declared groundwater basins, and 
constructs stock tanks for small amounts of water.  A permit is required to impound surface water, 
including surface water for livestock.   

There are 29 declared groundwater basins in New Mexico, of which the Gila NF occupies portions of eight, 
with the largest of these being the Lordsburg, Mimbres and Gila-San Francisco declared underground 
basins.  Most of the eight basins within which the Forest is located were declared between 1960 and 1965, 
with the remaining being declared in 2005.  

Reserved rights are water rights that accompany land that was reserved or withdrawn from the Public 
Domain under the authority of the Organic Administrative Act of 1897 to establish a National Forest.  
Sufficient water to satisfy the needs of the purposes of the reservation was also withdrawn through 
implication.  The principle also holds that the priority date for the withdrawn water is the date of the land 
withdrawal, even though the water may not be put to beneficial use for years.  The Gila NF has exercised 
reserved water rights for (A) continuous supply of timber, including water for such things as administrative 
sites, road construction for timber, forest fires, etc. and (B) favorable conditions of waterflow which 
includes water impounded by earthen dams to stabilize gullies and retain sediment.  The intent of these 
is not to impound water, but to minimize the quick blast of water that the gully system may produce.   

The Gila NF has entered into a number of agreements with other water right holders to utilize water on 
National Forest System lands for varying uses.  The three types of agreements currently in place currently 
on the Forest are the following: 

 Water Use Agreements – There are multiple water use agreements on the Gila NF.  These 
agreements provide for the use of privately held water rights to be used on National Forest 
System lands.  These agreements, to date, have only occurred between a range permittee and 
the Gila NF.   

 Lease Agreements – The Gila NF currently has one lease agreement in place with Freeport-
McMoRan Inc., a neighboring natural resource mining company.  This lease agreement provides 
water to be used for livestock and wildlife purposes on the Silver City Ranger District over a 10-
year period.   

 Emergency Water Use Agreements – The Gila NF currently has entered into one emergency 
water use agreement.  This agreement covers the use of Bear Canyon Reservoir, which is located 
on private lands immediately adjacent to National Forest System lands on the Wilderness 



Chapter 11. Multiple Uses 

 
Gila National Forest Assessment Report – Final  520  

Ranger District.  The use is limited for firefighting emergencies and coordinates the use between 
the Forest Service, New Mexico Department of Game and Fish, and irrigators. 

In 2009, the Gila NF, in collaboration with the Office of the State Engineer developed the Mimbres River 
Conservation Plan for the 10 year period of 2009 – 2019.  This plan is one of the first programs of its kind 
in New Mexico that allows water right holders in the Mimbres River basin to place their rights into non-
use for the purpose of protecting habitat for the Chihuahua chub.  Most notably, participation in the 
program will not require any change in place of use, purpose of use, point of diversion, or ownership for 
any water right entered in the program.  All water rights will remain exclusively tied to the owner of the 
right.   

Water Resources and Uses 
Water resources on the Forest include streams, wetlands, riparian areas, lakes, ponds, reservoirs, and 
numerous stock ponds and tanks.  Most of these resources are used for consumptive purposes such as 
livestock watering, drinking water, and agriculture or irrigation; while some provide recreational, fishing, 
wildlife viewing, or other opportunities of use and enjoyment.  Water originating on the Forest flows 
southwest into the Gila River basin; northwest into the Little Colorado River, east into the Rio Grande, and 
southeast into the Rio Grande basin. 

Approximately 957 miles of perennial streams and 546 miles of intermittent streams are within the Forest 
boundary.  There are 30 acequias (irrigation ditches) which rely upon water diverted from some of these 
stream systems that are permitted by the Gila National Forest.  In 2011, the New Mexico Environmental 
Department, Surface Water Quality Bureau, designated all perennial rivers and streams located in 
wilderness areas as outstanding national resource waters (eighty streams ~368 miles) that would be 
beneficial to the State of New Mexico and contribute to special trout waters or other area designation, or 
have exceptional recreational or ecological significance.  These specially designated waters within the 
State are given the highest level of protection against degradation. 

The Forest manages one lagoon wastewater system near the Gila Cliff Dwellings National Monument 
which receives all sewage pumped from the nearby area (vault toilets, RV dumps, etc.), and multiple leach 
field / septic type wastewater systems.  There are estimated 2,369 earthen tanks on the Forest for livestock 
and 344 wells, most of which provide water for livestock and wildlife.  Fifteen of the wells provide water 
for Forest recreation and administration facilities.  More information can be found on these uses in Chapter 
6: Water. 

Water Demand 
Surface and groundwater withdrawals supply water for various uses across the four counties in which the 
Forest is located.  The main water use in Catron, Grant, Hidalgo and Sierra Counties is irrigation for 
agriculture purposes (Longworth et al. 2013).  Other water uses include livestock, public water supply, 
mining, commercial, and domestic uses.  Water is important in supporting current and future economic 
development in the counties, but also sustaining and supporting communities including future 
development and population growth. 

   

Lake Roberts, Quemado Lake, Bear Canyon, Bill Evans Lake, and Snow Lake are waterbodies included in 
New Mexico Department of Game and Fish, Wildlife Management Areas program.  Fishing is the main 
management purpose of these lakes, but also provide opportunities for such things as wildlife viewing, 
photography, and hiking.  These lakes are located within or adjacent to the Forest.  In Sierra County, Caballo 
Lake and Elephant Butte, which are part of the Rio Grande, are managed by New Mexico State Parks and 
provide fishing and other water related recreational activities.  Bill Evans Lake, Bear Canyon Reservoir, 
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Caballo Lake, and Elephant Butte provide recreational opportunities, but were primarily developed as part 
of water conveyance systems for consumptive uses such as mining, irrigation, municipal, and industrial.   

Fish and wildlife also have demand and need for water within and outside the Forest.  Fish and wildlife use 
of water and water bodies include habitat for some or all life stages (such as fish and amphibians), water 
sources for drinking, and habitat for species’ food sources.   

Current Conditions and Trends of Water 

Watershed condition describes the status of the physical and biological characteristics and processes 
within a watershed that affect hydrologic and soil functions supporting aquatic ecosystems. Watersheds 
that are functioning properly have the following characteristics (Potyondy and Geier 2011): 

 They provide for high biotic integrity, which includes habitats that support adaptive animal and 
plant communities that reflect natural processes.  

 They are resilient and recover rapidly from natural and human disturbances. 

 They exhibit a high degree of connectivity longitudinally along the stream, laterally across the 
floodplain and valley bottom, and vertically between surface and subsurface flows. 

 They provide important ecosystem services, such as high quality water, the recharge of streams 
and aquifers, the maintenance of riparian communities, and the moderation of climate variability 
and change.  

 They maintain long-term soil productivity. 

Table 120 in Chapter 6: Water displays watershed condition for the Gila NF.  The assessment for the Forest’s 
watersheds are 28% Functioning Properly; 69% Functioning at Risk; and 3% Impaired Function.  

The watershed condition provides information on the ecological condition of a watershed.  Knowing the 
condition of the watersheds, provides what needs to be done and where to change the watershed 
condition.  The Forest uses this information for planning restoration projects; assisting in prioritizing work; 
and identifying watersheds where there are risks to domestic water use and consumption, agricultural 
use, and recreation use.   

Across the southwest, the trends in water demand are increasing, and water quantity decreasing.  This is 
a concern given New Mexico is experiencing drought conditions for the last several years.  Climate change 
is increasing hydrologic uncertainty and may reduce available supplies and increase demands (USDA FS 
2012d).  The assessment of the larger Southwest is likely to face the challenge of bringing water demand 
more in balance with water supply.  The projected levels of vulnerability suggest that drier areas will 
continue to experience pressures to mine groundwater and deplete streamflow (USDA FS 2012d).  Chapter 
6: Water provides more detail pertaining to the ecological aspects of impacts and trends of water 
resources in the plan area and the broader landscape.  Chapter 9: System Drivers and Stressors further 
discusses climate, climate change, and water supply and demand. 

State and regional water plans forecast increases in population levels across the counties associated with 
the Forest.  The concern for providing water for the potential increase in demand is what the source might 
be since a majority of the watersheds are fully appropriated (see Water Rights section), so there is little to 
no “new” water available to meet future demands. 

Contributions of Water to Social, Cultural, and Economic Sustainability 
Water is considered an ecological resource and an important life sustaining requirement.  The social 
concern regarding adequacy of water was one of the elements for which the Forest Service was created.  
The headwaters of major river systems have played influential roles in the history of the counties and 



Chapter 11. Multiple Uses 

 
Gila National Forest Assessment Report – Final  522  

communities in and around the Gila National Forest.  These systems have provided and continue to provide 
critical water resources for agriculture and ranching, and assist in sustaining a quality of life for 
communities.  The integrity of these upper watersheds is important in supporting the delivery of quality 
water to users and uses below.  The Gila NF has a role in supporting this need through management, 
protection, and restoration activities.  The management of the Forest to ensure a sustainable supply of 
clean water will continue to be a major consideration into the future. 

Social Concerns Regarding Water within the Assessment Area 
Issues surrounding water, socially and legally, have been at the forefront for a long time.  Water is an 
important commodity, especially in the desert southwest where the Gila NF is located.  The most 
prominent of these issues within the assessment area are: 

 Projected population growth creates an increase in the demand for water, putting pressure on 
water supply.  Also, there is a concern for having a water supply in or near communities for the 
purpose of fire suppression. 

 Climate change is projected to continue to decrease water supply and to contribute to drought 
impacts.  

 Impacts to water quality from both natural and human threats will continue.  State and regional 
water plans identify some of the human threats as dilapidated or aged water infrastructure and 
the cost to maintain or upgrade those systems; and individual wastewater disposal / septic 
systems contaminating individual wells or groundwater sources. 

Economic Contributions of Water 
Determining the economic value of water is often the topic of economic research studies, since the value 
of water is more than just a consideration of price.  Cost can be determined by the cost per acre-feet 
multiplied with a measured amount from surface and ground water uses.  The value of water is based on 
the social context it serves.  Values such as cultural attachment to historic uses of water, recreation, 
domestic use, agricultural uses, and the value of water rights provide examples of water value 
considerations.  This has not been studied, to date, on the Gila NF.   

The economic and general welfare of people and communities in and around the Forest are dependent on 
maintenance of adequate supplies of good quality water.  The assurance of water for residential, 
commercial, industrial, and local government uses are in the interest of sustaining current and future 
economics and interests. 

Stakeholder Input 
Watersheds and water resources are of great concern to the Gila NF and stakeholders. From stakeholder 
input received during the assessment, the importance of water to the overall health of the Forest, aquatic 
and riparian species, and recreational and economic value of the Forest were frequently visited topics.  

The availability, reliability and quality of upland water resources are a concern. These concerns are 
common to all communities which include observations of poor watershed conditions and water quality, 
altered streamflow, reduced streamflow and water availability in uplands springs and earthen tanks. 
Altered streamflow and associated reduction in water quantity are attributed to climate change, drought, 
changes in channel shape and function related to post-fire and livestock grazing, increased densities of 
upland woody vegetation, as well as native and non-native riparian vegetation. The importance of the 
ecosystem services provided by groundwater, in terms of livestock management and contributions to 
stream flow are recognized and declining groundwater tables are a concern. These concerns are largely 
attributed to climate change and declining snowpack.  
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There is great concern about interstate water compacts, future impacts to water resources, and therefore 
riparian and aquatic ecosystems on the Forest. There are also concerns about possible implications any 
Forest management decisions, or lack thereof, might influence the ability of streamflow to continue to 
support ecological values or interfere with the State’s administration of water rights and local economies 
dependent on water use. These concerns are mostly specific to the Arizona Water Settlement Act and the 
proposed diversion of the Gila River and San Francisco rivers. 

Summary 

Water is one of the important resources of the Gila NF, ecologically and socially.  Water is a key ecosystem 
resource as described in Chapter 6: Water.  It is a key component in the cultural development and 
settlement of the assessment area.  Water is important economically for the development and 
maintenance of industry, ranching, and agriculture including their associated benefits to the communities, 
counties, and state revenues and employment.  Also, there is additional social and economic benefits of 
water associated with recreational opportunities as described in the Wildlife, Fish and Plants section and 
Chapter 12: Recreation.  But ongoing and future concerns for water quality and quantity will continue to 
be an issue considering ecological pressures and increasing demands.   

 

Wildlife, Fish, and Plants 
The Gila National Forest is rich in wildlife, plants, trees, and other resources that are enjoyed by people in 
a variety of ways.  Based on the 2011 National Visitor Use Monitoring report, viewing wildlife (57%) and 
hunting (20%) were near the top of the list of activities that Forest visitors participated in (USDA FS 2011).  
Fishing and gathering forest products were also identified activities, but participation levels were lower, 
11% and 4% respectively.  When visitors were asked to identify their primary activity or purpose of visiting 
the Forest, hiking/walking (21%), hunting (20%) and viewing natural features (12%) were the top three 
activities.  Fishing and viewing wildlife were in the top ten primary activities listed (USDA FS 2011).  This 
section will cover the more common hunting and fishing species; forest products; and wildlife viewing in 
relation to condition and trends; impacts to ecological integrity and species diversity; and social and 
economic contributions.   

Ecosystem Services of Wildlife, Fish, and Plants 

Wildlife, fish, and plant resources have long been used for practical uses such as food, clothing, and tools, 
as well as for economic purposes such as trading or providing goods.  Wildlife, fish, and plants play 
important roles in nutrient cycling, seed dispersal, and pollination.  Over the past several decades, there 
has been a shift in the way people regard the values and uses of natural resources.  The change is tied to 
diversifying to other services including ecotourism, wildlife viewing, outdoor recreation, cultural or 
spiritual inspiration, and ecosystem function and health.  

Condition and Trend of Commonly Hunted Species 
The Gila National Forest provides habitat for a wide variety of wildlife species and is a popular hunting 
destination.  Many of the species managed by the New Mexico Department of Game and Fish for hunting 
and trapping can be found within the Forest boundary or on adjoining lands.   

Elk – Elk use a variety of different habitat types.  They typically utilize higher elevation meadows and 
forest with grass understories in the summer and migrate to lower elevation piñon-juniper woodlands and 
shrub lands in the winter.  Elk forage predominately on grass, but rely on denser areas of shrubs and trees 
for cover.  Elk are common species in the Gila National Forest (USDA FS 2008b).  Elk herds statewide are 
stable with some regional differences.  Populations statewide are estimated to be between 70,000 and 
90,000 (NMDGF 2015b).  Population within the Greater Gila Elk Herd, which encompasses the majority of 
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the Gila NF in Game Management Units 15 and 16A-16E, is estimated between 20,700 – 21,900 animals 
(NMDGF 2014a).  Within the Greater Gila Elk Herd, population trend appears to be stable. 

Mule Deer – Mule deer are statewide in distribution and occupy most habitats.  Populations have declined 
throughout New Mexico in recent decades.  New Mexico Department of Game and Fish has identified the 
mule deer as a “Species of Greatest Conservation Need” due to habitat loss, habitat fragmentation, 
ecological succession, and drought impacts to populations (NMDGF 2006).  The statewide population is 
estimated at 90,000 to 110,000 (NMDGF 2015b).  New Mexico’s climate and weather patterns are 
extremely important to deer survival.  Periods of significant rainfall produce ample forage and vegetative 
cover, which improves fawn survival.  However, harsh winters or prolonged periods of drought can have 
devastating effects on fawn survival and overall deer numbers.  Other limiting factors are changes in 
habitat composition, lack of water, predation, and competition with other species.   

On the Forest, mountain mahogany and oak are important nutritional forage species for mule deer.  Low 
lying shrubs or branches and regeneration of new growth of these browse species is decreasing due to 
mixed mountain mahogany shrublands and ponderosa pine evergreen oak woodlands moving towards 
more tree dominated cover versus a mosaic of shrubs and trees (See Chapter 2: Upland Vegetation for 
more details).  Fire historically maintained vegetation types in a mosaic of differing seral stages (USDA FS 
Gila NF 2012).  Past management activities including wildfire suppression have contributed to a decrease 
in browse for mule deer.   

Winter surveys conducted from 1987-2011 indicate that mule deer numbers on the Gila National Forest 
vary widely and parallel fluctuations seen at the state level. During the 1990s, fawn to doe ratios were very 
poor which corresponded with the decrease in deer populations.  In the 2000s, fawn to doe ratios 
increased, but populations were so low that the increased recruitment only led to a small change in the 
overall population.  Recent observations show a slight decline due to poor recruitment related to drought 
conditions (USDA FS Gila NF 2012). 

Pronghorn – Pronghorn are inhabitants of plains and meadows of short grass from the deserts to the 
grasslands of the high plateaus up to the piñon-juniper zone.  They prefer areas of grasses and scattered 
shrubs or dissected hills or mesas (BISON-M 2016).  New Mexico’s pronghorn population has declined in 
recent years because of habitat loss due to woody species encroachment, fire suppression, predation, 
fencing, and drought.  Pronghorn are fairly common on the Gila National Forest (USDA FS 2008b).  The 
regional and national population trends have generally been increasing (USDA FS Gila NF 2012).  The 
population statewide is estimated at 40,000 to 45,000 (NMDGF 2015b).   

Black Bear – Black bears are typically found in nearly all forested habitat types including mixed conifer, 
ponderosa pine, piñon/juniper, oak woodland, and spruce fir (BISON -M 2016).  They typically feed on mid-
seral fruit-producing shrubs and plentiful grasses and forbs (BISON-M 2016).  Black bears have been 
identified by New Mexico Department of Game and Fish as a “Species of Greatest Conservation Need” 
and threats to the species include habitat conversion/loss, drought, and human conflicts (NMDGF 2006).  
Black Bears are a common species in the Gila National Forest (USDA FS 2008b).  The population statewide 
is estimated at 8,000 to 9,000 (NMDGF 2015b).   

Mountain Lion – Mountain lions are a wide-ranging species and can be found in a variety of habitat types.  
In New Mexico, they are found in areas of abundant prey, rough terrain, and adequate vegetation to 
provide hunting cover (NMDGF 2011).  Deer are considered their staple diet (NMDGF 2011), therefore 
trends in deer populations may affect mountain lions.  Although not often seen due to their secretive 
behavior, mountain lions are a fairly common species in the Gila National Forest (USDA FS 2008b).  The 
population statewide is estimated at 3,123 to 4,269 (NMDGF 2015b).  
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Condition and Trend of Commonly Fished Species  
The majority of the stream and lake fishing opportunities in the southwest corner of New Mexico are 
found within the Gila National Forest and the New Mexico State Parks along the Rio Grande 
(http://www.wildlife.state.nm.us/download/fishing/maps/New-Mexico-Public-Fishing-Waters-Map.pdf).  
There are opportunities for either or both cold (e.g. trout) and warm water (e.g. bass) species.   

In 2015, the New Mexico Department of Game and Fish stocked across the state more than 3.5 million 
triploid rainbow trout and more than 500,000 each of channel catfish, Rio Grande cutthroat trout and 
striped bass.  To a smaller degree, largemouth and smallmouth bass, Gila trout, bluegills, and tiger muskie 
were stocked (NMDGF 2015b).  The stocking program allows for the persistence of these species to occur 
throughout the plan area, and provides the availability of angling in these areas. The stocking and 
management of the state’s streams and lakes/reservoirs is outlined in the 2016 Statewide Fisheries 
Management Plan (NMDGF 2016a).   

Special Trout Water Fishing 
The New Mexico Game and Fish Department ceased stocking nonnative rainbow trout in streams and 
rivers within the Gila Watershed in the early 2000s due to conflicts with native fish populations but 
continues to stock rainbow trout seasonally in lakes.  Gila trout are listed as threatened under the federal 
Endangered Species Act and the New Mexico Wildlife Conservation Act.  Restoration efforts are ongoing 
to recover the species within its historical habitat.  Many of the streams that had populations of wild Gila 
Trout on the Forest experienced severe resource damages from wildfires which negatively affected Gila 
Trout populations.  Currently, there are two wild populations of Gila trout that are open to angling in New 
Mexico: a segment of Mogollon Creek within the Gila Wilderness and a segment of Black Canyon extending 
from FSR 150 into the Aldo Leopold Wilderness.   

The population of Gila trout in Mogollon Creek is in good condition.  The Black Canyon population was 
impacted by the 2013 Silver Fire and subsequent flooding.  Habitat conditions are beginning to rebound.  
In 2015, over 3,500 Gila trout, 4” in length, were stocked throughout Black Canyon, with an additional 
1,105, 6” in length, being stocked in March 2016.   

There are also opportunities to fish for stocked Gila trout.  Gila trout are stocked in Sapillo Creek below 
the Highway 15 bridge, Willow Creek, West Fork of the Gila River, Gila Forks area, and Lake Roberts.  Trout 
populations in Willow Creek were eliminated by the 2012 Whitewater Baldy Fire and subsequent flooding.  
Approximately 19,000 Gila trout have been stocked in these streams and lake between 2014 and 2016 
(NMDGF 2016d).  Recovery efforts for the native Gila Trout could lead to reductions in the ability to fish 
for non-native trout species in some waters, but would increase angling opportunities for the Gila Trout 
over time as the population increases. 

Tiger Muskie 
Tiger muskie are a sterile hybrid (i.e. cannot produce fertile offspring) between northern pike and 
muskellunge.  Approximately 147,000 tiger muskie fry and fingerlings were planted in Quemado Lake 
between 2003 and 2012 as a biological control to assist with reducing goldfish numbers.  Goldfish were 
estimated to be in excess of 70,000 mature fish in 1999 contributing to the decline of trout population in 
Quemado Lake.  The 2014 population estimate of tiger muskie in Quemado Lake was 639 fish.  Population 
continues to be stable and surveys show the fish to have good condition indices and size distribution 
(NMDGF 2014b).  Currently the daily bag and possession limits allow one tiger muskie 40 inches or longer 
to be taken at Quemado Lake.   

The introduction of tiger muskie assisted in reaching fishery management goals in Quemado Lake.  
Goldfish numbers have been drastically reduced and rainbow trout numbers have stabilized.  A survey in 
2014 gives indication that rainbow trout have improved in health and range in size from 7 to 18 inches 

http://www.wildlife.state.nm.us/download/fishing/maps/New-Mexico-Public-Fishing-Waters-Map.pdf
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(NMDGF 2014b).  The angling opportunities in Quemado Lake has been enhanced with the improvement 
in conditions for rainbow trout and the addition of tiger muskie.  The challenge for management is 
maintaining the balance of the number of tiger muskie to continue providing control over unwanted fish, 
providing the unique angling experience for tiger muskie, and maintaining or expanding other angling 
opportunities including trout in the lake (NMDGF 2016a). 

Habitat Stamp Program 
The New Mexico Habitat Stamp Program is a joint venture between sportsmen, the New Mexico 
Department of Game and Fish, the Bureau of Land Management, and the U.S. Forest Service implemented 
under authority of the Sikes Act (16 U.S.C. 670a) and the New Mexico State Game Commission.  Since 
statewide implementation in 1991, all licensed hunters, anglers, and trappers are required to purchase the 
$5.00 Habitat Stamp, if they will be hunting or fishing on federal lands, in addition to the normal license.  
Revenue is dedicated to wildlife conservation and rehabilitation projects on public lands within the state 
of New Mexico.  

The Gila National Forest has been receiving an average of $115,000 per year to assist with project 
implementation including contracts for work or other services.  Projects on the Forest include 
development and maintenance of water sources, road access, fencing, and aquatic and terrestrial habitat 
improvements.  In the last four years, wildlife habitat projects have included restoration of grasslands for 
pronghorn and thinning and/or burning to stimulate grasses, forbs, and browse for deer.   

Condition and Trend of Commonly Used Plant Species 
The collection of various plant species for pigments, medicine, food, tools, and building structures in and 
around the Forest has been a traditional and cultural practice for many generations.  These resources have 
been and continue to be of Tribal importance (see Chapter 18: Tribal Areas of Importance).   

The Gila National Forest provides opportunities for the gathering of various plant species for personal and 
commercial uses.  Some of the products currently permitted on the Forest are: Christmas trees, fuelwood, 
piñon nuts, pine cones, house logs, vigas, poles, posts, stays, and wildings.  The most common activities 
are the collection of: 

Piñon nuts – Piñon nuts or seeds have been a key dietary staple to people of the southwest and are still a 
popular food item available both in grocery stores and at road-side stands.  The piñon is a source of pride 
with the piñon tree being New Mexico’s state tree and that the New Mexico legislature in 1978 passed the 
Piñon Nut Act that required labeling standards on products and instituted genetic research for piñon in 
the state.   

The public may gather piñon for personal use without a permit.  Those interested in harvesting for 
commercial use (harvest more than 25 pounds of nuts) must obtain a permit from the Forest Service.  
Piñon nuts take approximately two years to mature on the tree, so production amounts can be greatly 
influenced by drought and rainfall patterns.  During the past decade, the southwest has been in drought 
conditions, which has been impacting the health and resistance of the trees and subsequently the seed 
production.   

Firewood – Firewood gathering is important to many people who live within or adjacent to the Gila 
National Forest.  For some, it is part of their heritage and tradition and for some it is an important fuel for 
winter heating.  Many communities rely on fuelwood for economic well-being.  Approximately 46% of the 
housing units in Catron County rely on wood as the primary heating fuel.  In Grant, Hidalgo, and Sierra 
Counties, approximately 5 to 20% of the housing units use wood for heat (U.S. Census Bureau 2000b).  
Commercial and personal firewood permits are issued on the Forest.  A firewood permit on the Gila 
National Forest allows the gathering of two cords of wood.  From 2011 to 2015, issuance of permits for 
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fuelwood ranged from 2,107 to 2,503, averaging 2,316 permits per year.  The Forest has been and will 
continue to utilize commercial and personal gathering of fuelwood as a tool for assisting in implementing 
vegetation treatment projects.   

Christmas trees – Christmas tree cutting is a popular winter pastime for many.  The following species are
commonly collected: piñon pine, juniper, ponderosa pine, Douglas fir, white fir, and Engelmann spruce.  A 
Christmas tree tag or permit is required for each tree.  The public is asked to cut trees as close to the 
ground as possible and to not just take the tops of trees.  The Forest averages approximately 1,100 permits 
per year. 

Wildlife Viewing Opportunities 

Wildlife viewing or watching refers to individuals or groups whose primary interest or purpose is viewing 
of wildlife around their homes or at another location at least 1 mile from their home of natural settings.  
Activities include such things observing, trying to identify birds or other wildlife, or photography.  Around 
the home it can include creating and maintaining natural areas; planting shrubs, flowers, etc. that benefit 
wildlife; and putting out feeders for birds, hummingbirds, or wildlife.   

Bird Watching Locations 
Southwestern New Mexico Birding Trail 
The Southwestern New Mexico Birding Trail is product developed through the efforts of: New Mexico 
Department Game and Fish, New Mexico Audubon Society and Council; New Mexico Department of 
Transportation, U.S. Department of Interior, National Park Service, The Nature Conservancy, U.S. Forest 
Service, and New Mexico Rural Economic Development through Tourism.  There are currently 41 sites 
listed in the guide (http://www.wildlife.state.nm.us/recreation/birding/); with 15 being located within the 
Forest boundary.  The birding trail was developed to provide locations for people to get out and enjoy New 
Mexico’s diversity and abundance of bird life, as well as learn more about the locations.   

Important Bird Areas (IBA) 
The Audubon Society in partnership with BirdLife International, has been identifying and working to 
conserve a network of Important Bird Areas (IBAs) throughout the United States.  The Important Bird Area 
program is an effort to identify and conserve areas that provide essential habitat for one or more species 
of bird and that include breeding, wintering, and/or migration habitat.   

There are 62 IBAs in the state of New Mexico with 13 located within Catron, Grant, Hidalgo, and Sierra 
Counties (http://netapp.audubon.org/IBA/State/US-NM).  Four of which are located entirely or in part 
within the Forest boundary:  

 Emory Pass is located at the top of the Black Range Mountains at an elevation of approximately
8,500 feet, providing opportunities to observe high elevation bird species.

 Gila Bird Area is located along the Gila River lined with southwest riparian vegetation where
over 200 species of birds have been recorded.

 Mimbres River extends from the lower Mimbres Valley extending 30 miles into the Forest and
described as being an excellent example of a riparian gallery forest.

 Gila-Cliff is located along the Gila River in the Cliff-Gila valley. Much of upstream end is 
Nature Conservancy property and/or Gila National Forest (includes much of Mogollon
Creek) and includes sycamore dominated riparian forest.

http://www.wildlife.state.nm.us/recreation/birding/
http://netapp.audubon.org/IBA/State/US-NM
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Wildlife Viewing Locations 
Watchable Wildlife  
Watchable Wildlife areas are considered prime wildlife viewing areas 
(http://www.wildlife.state.nm.us/recreation/).  There are five identified in the Gila region of southwestern 
New Mexico.  All five provide both wildlife viewing and bird watching opportunities.  All except the Lower 
Gila Box are within the Gila National Forest boundary.  The Lower Gila Box is located on Bureau of Land 
Management west of the Burro Mountains.  The five Watchable Wildlife sites are:  

 Fort Bayard – Watchable Wildlife Site #48 

 Heart Bar – Watchable Wildlife Site #47 

 Lower Gila Box – Watchable Wildlife Site #72 

 The Road to the Cliff Dwellings – Watchable Wildlife Site #46 

 San Francisco Hot Springs Area – Watchable Wildlife Site #42 

New Mexico Department of Game and Fish – Wildlife Management Areas and  
Gaining Access Into Nature Program 
Wildlife Management Areas (http://www.wildlife.state.nm.us/conservation/wildlife-management-areas/) 
are properties owned or managed by the New Mexico State Game Commission.  Many Wildlife 
Management Areas (WMAs) are being opened to additional wildlife-associated recreation activities 
beyond traditional uses of hunting and fishing through the Gaining Access Into Nature (GAIN) program 
(http://www.wildlife.state.nm.us/recreation/g-a-i-n/).  Depending on the WMA, these new activities 
include wildlife viewing, photography, hiking, bicycling, skiing, snowshoeing, and horseback riding.  The 
following are near or within the Gila National Forest: 

 Bear Canyon Reservoir (GAIN) 

 Bill Evans Lake (GAIN) 

 Glenwood State Fish Hatchery  

 Heart Bar Wildlife Area (GAIN) 

 Lake Roberts (GAIN) 

 Mimbres River Tract (GAIN) 

 Quemado Lake 

 Snow Lake 

Impacts of Hunting, Fishing, or Plant Collection on Ecological Integrity and Species 
Diversity 
Hunting, trapping, and fishing permits and regulations are used for the management objectives of the 
species developed by New Mexico Department of Game and Fish.  These are methods to control species 
population numbers which has beneficial impacts to the health of the species, habitat conditions, and 
species diversity.  The New Mexico Department of Game and Fish objectives are to have sustainable 
wildlife management practices and continue to provide opportunities for continued hunting, trapping, and 
fishing.  

The majority of users of the outdoors are good stewards of the land, but impacts do occur.  They include 
activities like trampling of vegetation (habitat alteration), noise disturbance, improper disposal of trash, 
establishing unauthorized user-created routes, and introducing or spreading non-native plants or animals.  

http://www.wildlife.state.nm.us/recreation/
http://www.wildlife.state.nm.us/conservation/wildlife-management-areas/
http://www.wildlife.state.nm.us/recreation/g-a-i-n/
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These activities are not widespread, but there are isolated areas where signs of such impacts are evident 
across the Forest.   

Freshwater systems are particularly affected by the introduction of nonnative species (USDA FS 2012d).  
Hybridization, depredation, and competition from stocking non-native fish for sport fishing or by accident 
through bait bucket transport have contributed to diversity and distribution declines of native fish species 
and may also affect macroinvertebrate and aquatic plant species.  The continued stocking of non-native 
fish is very important for supporting sport fishing, but limits opportunity for the reintroduction of native 
fish species.   

Contribution of the Use and Enjoyment to Social and Economic Sustainability 

Wildlife, fish and plants on the Gila National Forest contribute to social sustainability by promoting 
recreational and educational opportunities.  They also provide for cultural aspects of social sustainability 
such as preservation of traditions, history, art, and traditional uses in the plan area.  Many tribes rely on 
resources within the plan are for cultural, traditional and religious uses.  These are cultural ecosystem 
services which contribute to social wellbeing and quality of life.   

These resources contribute to the economic sustainability as well by added tourism, employment 
opportunities, support of small businesses, and federal receipts shared with local governments.  In 2013, 
New Mexico Department of Game and Fish commissioned a study of hunting, fishing, and trapping to 
estimate county-level and state-wide contributions to the state’s economy (Southwick Associates 2014).  
The study found 248,334 New Mexico residents and nonresidents hunted, fished, or trapped in New 
Mexico in 2013 (Table 207).  Of these participants, 24% (59,751) hunted, trapped and fished in the four 
counties encompassing the Gila National Forest (Table 207), expending approximately $46,595,774.   

Table 207. Sportsmen participation and expenditures statewide and by county by activity in 2013. 

Location Hunters Economic 
Value Trappers Economic 

Value Anglers Economic 
Value 

New Mexico 86,384 $342,368,654 1,639 $3,493,874 160,311 $267,717,023 

Catron County 12,406 $15,018,759 109 $71,283 7,328 $1,841,330 

Grant County 6,802 $8,902,764 161 $114,044 10,141 $6,452,871 

Hidalgo County 2,281 $1,619,381 29 $16,107 153 $112,231 

Sierra County 5,329 $4,357,758 29 $16,090 14,983 $8,073,156 
Four County 

Total 26,818 $29,898,662 328 $217,524 32,605 $16,479,588 

From: Southwick Associates 2014 

A source of income for landowners is through the Antelope Private Lands Use System (A-PLUS) or the Elk 
Private Lands Use System (E-PLUS) programs.  The A-PLUS and E-PLUS programs were created in 
recognition of the important benefits that private lands make to the pronghorn antelope and elk 
populations and hunting opportunities in New Mexico.  Through both programs, the New Mexico 
Department of Game and Fish distributes a portion of the state’s pronghorn antelope and/or elk hunting 
opportunity to private landowners.  For the 2016-17 Season approximately 146 landowners within the 
four counties encompassing the Gila National Forest were listed as participating in one or both programs.  
Landowners receive private-land pronghorn antelope and/or elk authorization certificates from the 
Department which can be bartered, sold, or traded to hunters.  The certificates are then used by hunters 
to buy private-land pronghorn antelope or elk licenses. 
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The New Mexico Department of Game and Fish conducted a review of the eleven state owned dams and 
the economic contribution of associated lakes to the state.  The estimated economic contribution to the 
state by anglers is approximately $21 million (NMDGF 2014c).  Four of the lakes are located within the Gila 
National Forest boundary (Lake Roberts, Bear Canyon, Snow Lake, and Quemado Lake).  The economic 
value to the state from these four lakes totals approximately $6.6 million.  

The expenditures of hunters, trappers, and anglers support jobs and garners additional tax revenues.  
Statewide, approximately 7,936 full- and part-time jobs, providing approximately $268 million in labor 
income and adding $106 million in tax revenue (Table 208).  In the four counties, there was approximately 
620 full- and part-times jobs, providing approximately $12 million in labor income. 

Table 208.  Total number of jobs, income, and taxes statewide and by county from hunting, 
trapping, and fishing in 2013. 

Location Jobs Labor Income Local, State & 
Federal Taxes 

New Mexico 7,936 $267,920,790 $106,493,369 

Catron County 259 $3,703,806 $2,675,882 

Grant County 187 $4,760,746 $2,514,814 

Hidalgo County 21 $502,401 $278,245 

Sierra County 153 $3,370,197 $1,506,065 

Four County Total 620 $12,337,150 $6,975,006 

From: Southwick Associates 2014 

Outfitting and Guiding 
New Mexico has several different outfitting and guide industry segments including river rafting, 
backcountry skiing, river and lake fishing trips, and big game hunting.  The hunting and fishing industry in 
the state of New Mexico is well established and has been creating a livelihood for outfitter and guides for 
many decades (NMCOG 2014).   

On a state-wide level, the New Mexico Council of Outfitters & Guides 2014 report estimated the annual 
economic contribution to the state from guided fishing industry to be $50,000,000 and from outfitting for 
big game hunts more than $44,000,000.  The vast majority of outfitter and guides conduct hunts for elk 
(94%), mule deer (79%), pronghorn (67%), and bear (46%) (NMCOG 2014). 

In 2013, there were 1,511 outfitter/guides registered in the state (NMCOG 2014).  On the Gila National 
Forest, an average of 139 permits are issued to outfitters and guides per year (Table 209).    Based on 
Forest Service annual revenue collected, it is estimated that an average $2,159,000 in gross revenue is 
generated annually from outfitter and guide activities on the Forest (Table 209).   
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Table 209.  Number of outfitter and guide permits issued annually from 2010 to 2015 on the Gila 
National Forest and total reported revenue. 

Fiscal Year 
No. of 

Permits 
Reported 
Revenue 

2010 131 2,188,274.00 

2011 143 2,159,373.67 

2012 132 2,357,139.33 

2013 128 1,778,180.33 

2014 131 2,350,166.00 

2015 125 2,118,501.33 

Average 139 2,158,605.78 
Source: USDA FS Gila NF 2016c 

Wildlife Watching 
In 2011, 566,000 people participated in wildlife watching activities of feeding, observing or photographing 
(USDI-USDC 2014).  Most of the participants (82%) stayed at or close to home and 46% traveled more than 
a mile from home to watch wildlife.  Bird watching was the most participated activity by both at-home and 
away-from home wildlife watchers.  Wildlife watchers spent $327 million in the state of New Mexico in 
2011 on equipment and travel (USDI-USDC 2014).   

Stakeholder Input 
Stakeholders describe the Forest as having high quality hunting areas, especially for elk.  Hunting by 
individuals and outfitter and guide trips is identified as a major economic contribution to the local 
communities and counties in the area.  Wildlife viewing, ecotourism, and utilizing the resources of the 
Forest to draw tourists to the area were identified as potential sources of economic development for local 
communities.   

Comments expressed concern in the decline of recreational fishing opportunities and associated 
economics due to ash, debris, and sediment impacts to streams from fires and Gila trout restoration 
activities.  The restoration of Gila trout has resulted in not stocking or the removal of rainbow, brown, or 
brook trout from specific areas.  For some this reduces fishing satisfaction and economic benefit, while 
others feel restoring Gila trout would provide a unique fishing opportunity attracting sportsmen into the 
area.   

Summary 
The public derives substantial social and recreational, especially hunting, value from wildlife, fish, and 
vegetation resources on the Gila NF.  Aquatic ecosystems also provide a variety of ecosystem services and 
economic benefits to society, such as safe drinking water and healthy and abundant fish populations that 
provide food and recreational opportunities (USDA FS 2012d).  Economically, participation in activities 
focused on wildlife and fish provide considerable contribution to within and beyond the area of influence.   

Game animals for hunting are prevalent on the Forest and most demonstrate increasing or stable 
populations.  Habitat conditions for game species face threats from woody species encroachment, 
uncharacteristic wildfire, drought, and invasive plant and fauna species.  Overall, the Gila NF will continue 
to be important for hunting and sport fishing and provide opportunities to harvest plants and other flora 
for traditional and cultural uses. 
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Multiple Use Stakeholder Input 
Comments received from stakeholders generally fell into two clusters regarding the concept of multiple-
uses.  First, many comments expressed that the concept of multiple uses on the Gila National Forest has 
greatly diminished or is not the primary direction currently being followed.  Commenters felt the Forest 
needs to return to more multiple use management and find opportunities to maintain or increase 
employment, industry (i.e. timber, cattle grazing, recreation), and economic development in local 
communities and counties.  Concern was expressed that resources are being preserved rather than 
conserved.  Also, there was a feeling that regulations, threatened and endangered species, and litigation 
has limited or even eliminated opportunities for multiple use management, and therefore decline in 
economics and opportunities and causing an impact to cultural and traditions of the local areas.   

The other perspective is that the forest resources are being over-utilized.  Some felt that political influence 
is involved in the level of resource utilization, resulting in impacts to such areas as watersheds, listed 
species, and other wildlife habitat.  It was suggested that the use of the land by logging, recreation, mining, 
and grazing should be removed or greatly reduced to improve and maintain ecological conditions for 
future generations. 
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Chapter 12. Recreation 
Introduction 
The purpose of this chapter is to assess aspects of recreation on the Gila National Forest (Gila NF) as it 
relates to recreation settings, opportunities, access, and scenic character.  Current conditions, trends, and 
risks will be the main the focus along with influences (both environmental and social from within and 
beyond the planning area) with the consideration of future sustainability. 

This chapter is divided into the following sections: 

 Introduction  

 Ecosystem services of recreation 

 Recreational setting 

 Recreational Opportunity Spectrum  

 Trends in recreation  

 Types of recreation opportunities  

 Compatibility of different recreation activities  

 Emerging recreational trends that may affect future recreation demand 

 Recreation fees  

 Nature, extent, and condition of trails, roads and other transportation and other infrastructure to 
provide recreational access  

 Opportunities to foster greater connection between people and nature  

 Scenic character 

 Conditions and trends affecting the quality of recreational settings 

 Sustainability of recreation opportunities and scenic character 

 Influences outside of the planning area that affect the demand for recreation  

 Recreation opportunities on other lands within the broader landscape 

 Stakeholder Input 
 Summary 

Multiple studies, reports, and databases were utilized to compile information in this chapter.  The National 
Visitor Use Monitoring survey (NVUM) is conducted every five years on every national forest.  The Gila NF 
has conducted three separate surveys in 2001, 2006, and 2011 (USDA FS 2006b, 2011).  The most recent 
survey is currently being implemented in 2015-2016 although results will not be available until 2017.  Due 
to a difference in survey methodology, results from the 2001 NVUM study are not used in this assessment 
because trends and comparisons would not be consistent with the 2006 and 2011 survey methodologies 
and results.   

Other documents utilized include, but are not limited to, the Gila NF Sustainable Recreation Strategy 
Action Plan (USDA FS Gila NF 2015c), Gila NF Travel Management Recreation Specialist Report (USDA FS 
Gila NF 2013c), Gila NF Recreation Opportunity Spectrum draft report (USDA FS Gila NF 2016d), and New 
Mexico Statewide Comprehensive Outdoor Recreation Plan (2010 – 2014) (NM EMNRD 2009, 2015a).  
Data was extracted from various Forest Service Natural Resource Manager Databases (INFRA and SUDS), 
Gila NF Geographic Information Systems (GIS) corporate data, and New Mexico Game and Fish 
Department databases. 
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Ecosystem Services of Recreation 
Outdoor recreation contributes to ecosystem services in a variety of ways.  From a cultural and social 
perspective the Forest offers a variety of opportunities for recreation, scenic viewing, and places to 
connect with nature. It also offers rejuvenation and escape from urban environments and lifestyles, while 
providing an opportunity to experience solitude to connect to nature. Recreation contributes greatly to 
the physical, mental, and spiritual health of individuals, and bonds family and friends.  Outdoor recreation 
on the Gila National Forest also contributes to tourism and the economies of the local communities.  
Recreational gathering of firewood and plant materials provide products from the Forest for people’s 
enjoyment and use.  Hunting and fishing are two recreational activities that have regulating functions for 
ecosystems by helping to manage wildlife populations. 

Recreation Setting 
The Gila NF consists of approximately 3.3 million acres, and offers spectacular scenery, ranging from high, 
cool mountains of aspen and Douglas fir to warm semi-arid lowlands with juniper, oak, and cactus.  It 
remains one of the most remote, uniquely continuous, and least developed national forests in the 
southwest United States.  Twenty-four percent of the Forest’s land mass consists of congressionally 
designated wilderness to be managed for primitive and semi-primitive non-motorized use.  The Gila NF is 
home to the first designated wilderness and has a proud history of wilderness management in the Gila, 
Aldo Leopold, and Blue Range Wilderness Areas.  Along with the previously mentioned Wilderness Areas, 
there are a variety of specially designated areas, trails, and byways on the Gila NF (see Chapter 13: 
Designated Areas for more details).  Local communities’ quality of life and economic opportunities are 
interwoven with the Forest’s future.  This is best summarized in the Gila National Forest Recreation Facility 
Analysis (USDA FS Gila NF 2007), which identified the Gila NF’s niche and desired condition as follows: 

“From wilderness to western heritage, visitors to the Gila National Forest have the opportunity to 
‘find themselves’ in the wildness of the forest.  The essence of the Gila is the freedom to explore 
vast expanses of backcountry.  Heritage and cultural connections allow local communities, Native 
Americans, and recreationists to establish long-term bonds with the forest.  Traditional gathering 
of forest products and hunting bring visitors from near and far.  Rivers and lakes, uncommon in 
the Southwest, provide relief from heat across the forest.” 

Recreational Opportunity Spectrum 
Since the early 1980s, the Recreation Opportunity Spectrum (ROS) has been used as a framework to 
identify, classify, plan, and manage a range of recreation settings for both existing and desired conditions. 
The ROS defines recreation setting based on physical, social, and managerial attributes.  The physical 
setting is defined by the absence or presence of the sights and sounds of people, size, and the amount of 
environmental modification caused by human activity and authorized uses. The social setting reflects the 
amount and type of contact between individuals or groups. It indicates opportunities for solitude and 
interactions with a few individuals or large groups of visitors as one moves across the spectrum.   The 
managerial setting reflects the amount and kind of restrictions placed on people’s actions by the 
administering agency or private landowner which affects recreation opportunities.  ROS provides a range 
of recreation opportunities that can be enjoyed in diverse settings.  ROS remains the best available 
framework for recreation planning (McCool et al. 2007). 

ROS is divided into six different classes as defined below: 

Primitive areas are characterized by essentially unmodified natural environment of fairly large size.  
Interaction between users is very low and evidence of other users is minimal.  The area is managed to be 
essentially free from evidence of human-induced restrictions and controls.  Motorized use and 
mechanized equipment within the area are not permitted.   
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Semi-Primitive Non-Motorized areas are characterized by a predominantly natural or natural-appearing 
environment of moderate-to-large size.  Interaction between users is low, but there is often evidence of 
other users.  The areas are managed in such a way that minimum on-site controls and restrictions may be 
present but are subtle.   

Semi-Primitive Motorized areas are characterized by a predominantly natural or natural-appearing 
environment of moderate-to-large size.  Concentration of users is low, but there is often evidence of other 
users.  The areas are managed in such a way that minimum on-site controls and restrictions may be present 
but are subtle.  Motorized use is permitted.   

Roaded Natural areas are characterized by predominantly natural-appearing environments with moderate 
evidences of the sights and sounds of people.  Such evidences usually harmonize with the natural 
environment.  Interaction between users may be low to moderate, but with evidence of other users 
prevalent.  Resource modification and utilization practices are evident, but harmonize with the natural 
environment.  Conventional motorized use is provided for in construction standards and design of 
facilities.   

Rural areas are characterized by substantially modified natural environment.  Resource modification and 
utilization practices are to enhance specific recreation activities and to maintain vegetative cover and soil.  
Sights and sounds of people are readily evident, and the interaction between users is often moderate to 
high.  A considerable number of facilities are designed for use by large numbers of people.  Facilities are 
often provided for special activities, such as amphitheaters, group pavilions, group fire rings and cooking 
units, and so forth.  Moderate densities are provided far away from developed sites.  Facilities for 
intensified motorized use and parking are available.   

Urban areas are characterized by a substantially urbanized environment, although the background may 
have natural-appearing elements. Renewable resource modification and utilization practices are to 
enhance specific recreation activities. Vegetative cover is often exotic and manicured. Sights and sounds 
of people on-site are predominant. Large numbers of users can be expected, both on-site and in nearby 
areas. Facilities for highly intensified motor use and parking are available with forms of mass transit often 
available to carry people throughout the site. 

The Gila National Forest visitors have opportunities to experience solitude at one end of the spectrum 
within wilderness areas and more remote sections of the Forest; or to experience more of social 
opportunity in Forest locations near communities and major travel routes within the Forest.  Campers also 
have a range of recreation opportunities, from developed campgrounds with electrical hook ups to user-
developed dispersed camping sites located in remote areas.  Water based recreation opportunities include 
more highly developed facilities located near one of the lakes located on the Forest, or nearby a stream in 
close proximity to a major travel route, to a challenging experience at one of many remote streams 
accessible only by trail.  Another popular recreation opportunity on the Gila NF is hunting, which varies 
from utilizing an outfitter and guide to a more self-reliant “on your own” hunt at a remote location within 
or outside of a designated wilderness area. 

When ROS classes were first delineated for the Forest, they were incorporated as part of the 1986 Gila NF 
Forest Plan.  As part of the current Forest Plan Revision process, a new ROS inventory is in the process of 
being completed (USDA FS Gila NF 2016d).  Due to differences in the inventory methodology from the 
1986 Gila ROS to the draft 2016 Gila ROS including terrain adjustment, trends and comparisons are not 
possible, and only data from the draft 2016 Gila ROS Inventory will be summarized for this assessment.  As 
presented in Table 210, approximately 16% of Forest lands offer recreation opportunities in the primitive 
setting, 44% in the semi-primitive non-motorized setting, 24% in the semi-primitive motorized setting, 
16% in the roaded natural setting, and 0.1% in the rural setting. Currently there are no lands administered 
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by the Gila NF managed under the urban class. Refer to Figure 166 for the graphic portrayal of current ROS 
settings. 

Table 210. Recreation Opportunity Spectrum (in acres and percentage) on the Gila NF 

ROS Class Acres Percentage of Gila NF 
Primitive 512,644 16% 
Semi-Primitive, Non-Motorized 1,435,262 44% 
Semi-Primitive, Motorized 787,979 24% 
Roaded Natural 531,294 16% 
Rural 4,780 0.1% 
Urban 0 0% 
Total Evaluated for ROS 3,271,959 100% 

 
Figure 166. Draft Gila NF ROS Inventory 2016  

*Note - lighter colors represent more primitive classes while darker colors represent more urban classes 
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Trends in Recreation 
The results of numerous studies indicate that outdoor recreation has become a major component of many 
Americans’ lifestyles (Roper 2004, Cordell 2008), and participation in outdoor recreation activities has 
been on the increase since the Great Depression and World War II. However, studies differ on whether 
participation in outdoor recreation activities has been increasing or decreasing since 2001. Some reports 
show a decline in recreation participation nationally beginning in 2001. Suggested reasons for this trend 
include the general state of the economy, personal security concerns associated with transportation 
following the September 11th, 2001 terrorist attacks, and increased interest and availability of computer 
games, the Internet, and television (Roper 2004). Alternatively, other studies show an overall increase in 
outdoor recreation participation, but a change in the mix of outdoor activities and their relative popularity. 
For instance, participation in some traditionally popular outdoor activities (such a hunting and fishing) has 
been on the decline, replaced by other activities such as driving for pleasure, wildlife or bird watching and 
photography (Cordell 2008). 

The goal of this section of the Recreation Assessment is to assess visitation to the Gila NF, identify trends 
and changes with visitation, and identify possible causes and implications of changes in visitation.  The 
visitation statistics were developed by compiling and analyzing information from several sources, including 
Forest visitation numbers, recreation site visitation data, trip specific data, and economic information.  This 
information was obtained from Gila National Forest National Visitor Use Monitoring (NVUM) data 
collected from surveys conducted during Fiscal Years 2006 and 2011.  It should be noted that more recent 
information from the most recent NVUM survey collected in FY 2016 was not yet available for purposes of 
this assessment. It is possible the 2016 NVUM will contain data that reflects changes to past trend due to 
events that have occurred since the 2011 data was collected, such as the effects of recent large-scale 
wildfire, flooding, or changes in economic conditions. 

The NVUM data differentiates recreation sites by the following categories: 

 Day Use Developed Site:  a site that is designed for recreation use, which has some sort of 
development that restricts overnight camping.  Examples of these sites include picnic areas, the 
Catwalk National Recreation Trail, and interpretive sites.  

 Overnight Use Developed Site:  a site which allows overnight / multi-day stays that has 
infrastructure to support this use.  Examples of these sites include campgrounds, some trailheads, 
and livestock corrals. 

 General Forest Area:  National Forest lands that are considered undeveloped with the exception 
of roads and trails.  These areas are typically associated with dispersed recreation.  Examples of 
uses on general forest areas are dispersed camping, Off Highway Vehicle (OHV) riding, hunting, 
backpacking, and horseback riding.   

 Designated Wilderness:  an area designated by Congress for preservation and protection in their 
natural condition and may also contain ecological, geological, or other feature(s) of scientific, 
educational, scenic, or historical value.  The Gila NF has three designated wilderness areas – Gila 
Wilderness, Aldo Leopold Wilderness, and Blue Range Wilderness. 

Gila NF Visitation Numbers  

Total visitation to the Gila National Forest increased by 69%, or from 305,000 to 514,000 visitors between 
2006 and 2011 based on the NVUM survey results.  Figure 167 represents the estimated annual visits to 
the Gila NF between 2006 and 2011 by site category.  Each site type had an increase of visitation, with 
General Forest Areas (78% increase) having the largest growth and with Designated Wilderness (17% 
increase) having the least amount of increase.   
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The current level of visitation within the Forest is considered to be at manageable levels.  The risk posed 
by a significant increase of visitation above current levels  include possible overcrowding, resource 
damage, and conflicts between differing types of recreation user groups.  Since the largest increases in 
visitation occur in General Forest Areas, which tend to have different uses spread out across the Forest, to 
date there have been minimal issues with overcrowding or conflicts between user groups.  Areas of 
concentrated use is a concern especially in popular areas and trails near Silver City and at frequently used 
sites like Sapillo and Forks Campground.  In the Silver City area, there is risk of overcrowding especially 
during holiday weekends and a risk of user conflicts between equestrians and dog walkers, and the Forest 
is monitoring these risks and trends. 

 
Figure 167. Gila NF Annual Visitation Numbers between 2006 and 2011 

When assessing the proportion of site type used from 2006 to 2011, the biggest changes were in Day Use 
Developed sites (decreased by 6%) and General Forest Area (increased by 7%).  Table 211 shows that while 
total visitation has increased, the type of site utilized is quite similar between 2006 and 2011.  There is a 
noticeable trend of visitors shifting from utilizing developed sites to dispersed sites.  A large percentage 
dispersed site use is associated with hunting and utilization of backcountry areas including trail use.  The 
risks associated with an increase of dispersed recreation use include resource damage within riparian 
areas due to concentrated recreation, increased litter, and the possibility of greater conflicts among 
visitors. 

Table 211.  Distribution of Site Type Used between 2006 and 2011 

Site Type 2006 2011 

Day Use Developed Site  36.9% 30.6% 

Overnight Use Developed Site  9.1% 8.9% 

General Forest Area  50.0% 57.5% 

Designated Wilderness  4.0% 3.0% 

Total 100.0% 100.0% 
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Figure 168 represents the average duration of visit by site type (i.e. hours spent at any given site per visit) 
between 2006 and 2011.  Site types that experienced longer duration per visit include General Forest Area 
(increase by 19.3 hours per visit), Overnight Use Developed Site (increase by 17 hours per visit), and 
Designated Wilderness (increase by 1.8 hours per visit).  

This trend of longer duration per visit may be an indication that a significant number of Forest visitors are 
now staying for three-day visits as compared to two-day visits.  Day Use Developed Sites were the only site 
type that experienced a shorter visitor stay duration, by 1.4 hours.  The overall duration of a National 
Forest Visit has increased by 2.4 hours per visit.  Risks associated with this trend could be competition for 
access to, and overuse at popular recreation sites.   

 
Figure 168.  Gila NF Average Duration (hours) of Visit by Site Type between 2006 and 2011 

Table 212 examines the visitor’s main activity (i.e. why they are visiting the Forest) comparing Gila NF 
visitation data from 2006 and 2011 along with the 2012 national average on National Forest System 
administered lands.  Hiking/walking is the largest draw for Forest visitors on the Gila NF (both in 2006 and 
2011) and nationally.   

From 2006 to 2011 the three recreation activities that showed the greatest increase on the Gila National 
Forest were OHV use (increased 125%), hunting (increased 121%), and horseback riding (increased 100%).  
The risks posed by these increased recreation uses may include conflicts with other users, and exceeding 
the capacity of permitted outfitter/guides in certain areas.  The Forest will need to monitor for these risks 
and develop mitigation actions as needed.  Ecological risks associated with increased user conflicts could 
involve increased resource damage in new areas as users spread out attempting to find areas with less use 
while these new areas may not be able to support that specific use.  This could lead to such things as more 
user created roads and trails, new dispersed camping sites, and utilization of areas near water that 
historically have not been used recreationally. 

During that same time period, the three recreation activities showing the greatest decrease in use included  
nature study (decreased by 100%), nature center activities (decreased by100%), and visiting historic sites 
(decreased by 92%).  This data references only the main activity that visitors cite as the reason for their 
Forest visit. It is a common occurrence that visitors may actually participate in many other recreation 
activities within a given visit.  For example, hiking may be the main reason cited by a user for visiting the 
Gila NF, however they may also utilize a developed recreation facility for a picnic after their hike.  This is 
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an important factor to take into consideration when assessing existing and potential future recreational 
use trends.  

When comparing the 2011 Gila NF main activities by percent to 2012 national average, the three activities 
above the national average by the greatest percent are: hunting (240%), horseback riding (186%), and 
picnicking (173%).   

Differences from the national average could be due to the Gila NF’s status as a premiere big game hunting 
destination for elk and mule deer, the abundance of available wilderness and backcountry trails for 
horseback riding, and prevalence of secluded, open spaces that provide respite from the heat of the arid 
desert for picnicking.  These differences from the national average for these recreational activities serve 
to help to define the Gila NF’s niche while emphasizing what makes it a special place for visitors. 

Table 212. Main activities by percent for the Gila NF compared to the National Average 

 
Main Activity 

Percent of Total 

Gila NF  National Average 

2006 2011 2012 

Hiking / Walking 17.4 21.4 19.3 

Hunting 8.9 19.7 5.8 

Viewing Natural Features 12.8 12.1 13.4 

Driving for Pleasure 10.6 12 4.7 

Relaxing 8.1 7.6 5.7 

Fishing 13.8 7.3 7 

Some Other Activity 0.3 6.7 3.8 

Picnicking 6.1 4.1 1.5 

Viewing Wildlife 3.4 3.9 1.9 

Horseback Riding 1 2 0.7 

OHV Use 0.8 1.8 1.4 

Developed Camping 2.2 0.8 3.1 

Visiting Historic Sites 9.8 0.8 0.3 

Backpacking 1.1 0.3 0.7 

Other Non-Motorized 3.1 0.3 2.2 

Bicycling 1.1 0.2 2.6 

Non-Motorized Water  0 0.1 1.2 

Primitive Camping 0.8 0.1 0.6 

Gathering Forest Products 0.9 0.1 1 

Nature Center Activities 0.3 0 0.3 

Nature Study 0.2 0 0.3 

Gila NF Trip Specific Data  

Figure 169 shows the percent of visitations by the distance travelled from the visitor’s home to the Gila 
NF.  The NVUM summary report defines Forest visitors traveling 50 miles or less to the site as local, and 
those travelling from more than 50 miles from the Forest as a non-local visitor.  From 2006 to 2011, local 
visitation grew from 30.8% to 54.8%, which is a 43.8% increase.  The largest percent decrease in visitation 
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was within the group that traveled 500+ miles from home to the Forest.  In 2006 the percentage of visitors 
traveling from more than 500 miles was 20.3% as compared to 7.1% in 2011, which is a decrease of 185%. 

 
Figure 169. Percent of Visitation by Distance Traveled between 2006 and 2011 

Table 213 represents the total number of visits by individuals to the Gila NF within a given year from 2006 
to 2011 surveys by percent.  Since 2006, the number of individuals visiting the Gila NF 21-30 times, 51-
100 times, and 101-200 times annually within a one-year timeframe has seen a dramatic increase.  There 
have been decreases in the number of visits for 1-10 times and 31-40 times within a calendar year.  
Analysis of these trends may assist in assessing and prioritizing information needs regarding available 
recreation opportunities to existing constituents while identifying outreach to future visitors that may be 
unaware of the opportunities on the Gila NF.   

Table 213.  Number of annual visits by individuals to the Gila NF between 2006 and 2011 by 
percent. 

 Number of Annual Visits             

 1 - 10 11 - 20 21 - 30 31 - 40 41 - 50 51 - 100 101 - 200 201 - 300 300+ 

2006 77.1% 8.8% 2.7% 4.3% 3.8% 1.9% 0.1% 0.2% 1.1% 

2011 59.2% 9.1% 5.3% 2.4%5 4.5% 9.8% 9.4% 0.3% 0% 

Combining the Table 213 results with the distance traveled results from Figure 169, emphasizes the trend 
of local visitation with multiple annual visits increasing significantly in that five-year period.  The risks of 
increased local visitation are over utilized popular sites and activities near communities and an increased 
possibility of user conflicts especially at sites that serve multiple recreational users.  Currently, many sites 
around Silver City experience user concentration impacts and litter.  Many other communities that are 
adjacent to the Forest experience increased visitation by local citizens.  The common activity near these 
communities are hiking local trails nearby their community, and often these people will informally monitor 
trail conditions and pick up litter.  The Forest is evaluating the possibility of implementing an adopt-a-trail 
program that would formally recruit local citizens as volunteers to maintain and patrol local trails.   

Figure 170 is a comparison of visits from various age groups as a percentage of the total visitation.  Groups 
that demonstrated the most increases in visitation are aged 30-39 years (20% increase), aged 60-69 years 
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(42% increase), and aged 70+ years (72% increase).  The largest decreases in visitation are within the age 
groups under 16 years (50% decrease), aged 16-19 years (142% decrease), and aged 20-29 years (55% 
decrease).  This trend aligns closely with current demographics of neighboring communities.  Southern 
New Mexico is a popular retirement destination, while a significant percentage of the population between 
the ages of 18 to 29 years is known to relocate in search of better economic opportunities.  The Forest will 
need to assess available recreation opportunities in light of these demographic trends to suit the needs of 
the local populations.  Currently, the Forest has limited accessible recreation sites and trails for those with 
disabilities. Accessible facilities will be important for accommodating a diverse and aging recreating public.  
However, many system trails have limited potential to be upgraded to become accessible due to rugged 
topography.   

The risk of the decreasing trend of users under the age of 30 represents a potential loss of connection 
between younger people to their public lands.  If this trend continues, it may lead to a decrease in visitation 
by younger visitors (and/or future generations), or a loss of the appreciation for the resource of public 
lands as a whole.  This trend emphasizes the need for pursuing opportunities to foster greater connection 
between people and public lands, especially with the younger generations. 

 
Figure 170. Gila N.F. Percent of Visitation by Age 

Social, Cultural, or Economic Conditions Impacting Recreational Participation 
New Mexico is known for its multicultural population including Hispanic, Native American, and Anglo 
influences.  This rich diversity is ever-changing, and from 2000 to 2011, the Hispanic population in New 
Mexico increased by 28 percent (Brown and Lopez 2013).  According to the 2006 and 2011 NVUM survey 
data (Table 214), the percentage of Hispanic visitors has increased by 24.8% during this time period.  The 
increase of Hispanic visitors is close to the rate of the Hispanic population.  Efforts by the Gila NF to 
increase awareness and visitation by diverse and underserved populations (e.g. bilingual brochures) is 
showing progress, although continued work on this front will be needed. 

Table 214.  NVUM survey data for visitation to the Gila NF by Race/Ethnicity 
Visitation by Race/Ethnicity 2006 Forest Visits (%) 2011 Forest Visits (%) 

American Indian / Alaska Native 1.9 3.7 

Asian 0.3 0.2 

Black / African American 0.3 0.2 
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Hawaiian / Pacific Islander 0 0.1 

White 68.5 59.6 

Hispanic / Latino 29 36.2 

According to the New Mexico Statewide Comprehensive Outdoor Recreation Plan (NM EMNRD 2009), over 
30 percent of New Mexico residents earn below $25,000 a year, and approximately 43 percent earn less 
than $35,000 per year.  This large percentage of New Mexico residents with limited incomes may impose 
limitations on the types of recreation residents can participate in due to travel and equipment costs.  This 
could also result in local residents that live closer to the Gila NF choosing to recreate on the Forest rather 
than other locations outside of the assessment area.  Additionally, recreating locally may be considered 
more cost effective because there are a limited number of fee sites on the Forest.   

Gila Visitation Summary 

Visitor data can be used to assess current and future trends across the Forest to determine potential future 
impacts of increased or decreased use to developed and dispersed recreation sites.  The likely future trend 
on the Gila NF is an increase in visitation (both in terms of site visits and duration of stay) although the 
most recent NVUM data collected is not yet available to verify more recent visitation numbers.  The risks 
associated with increased visitation include overcrowding of popular sites or resource damages to sites 
that regularly exceed site capacity (this includes the urban trail system around Silver City, Emory Pass, 
popular campgrounds during holiday weekends, and popular trailheads).  If visitation trends continues to 
increase, these issues could be more widespread across the Forest and occur more frequently at popular 
sites.   

Another significant trend is an increase of local visitors.  This may be at least in part as the result of a 
downturn in the economy and higher gas prices during the time the 2011 NVUM survey was conducted.  
It is unknown at this time if the most recent NVUM survey will demonstrate if this trend continues, or if it 
is a likely effect of changing economic conditions. This trend may also be due to other factors, such as 
residents choosing to live in communities nearby to the Forest for the quality of life benefits of nearby 
forest recreation opportunities. 

Survey data shows that recently more visitors to the Forest have been utilizing dispersed recreation 
opportunities as compared to developed recreation sites.  The risk associated with increased dispersed 
recreation use is that undeveloped Forest areas could experience resource damage due to high levels of 
use.  OHV use has increased largely due to the growing popularity of UTVs that make motorized access to 
some remote areas of the Forest possible.  The Gila NF has a small percentage of the existing trail system 
that continues to be open to motorized use, and has contributed to resource damage due to increased 
use with limited opportunities.  The Forest is currently in the process of implementing the Travel 
Management decision, which may reduce resource damage by diverting existing motorized use onto trails 
and roads that continue to be open to motorized use.  As the Travel Management decision is implemented, 
and as motorized recreation use continues to be monitored and assessed, future planning may be focused 
to align opportunities while mitigating any resources concerns.   

The Gila NF has also experienced a significant increase of visitors older than 60 years old.  Southern New 
Mexico has gained popularity as a retirement location due to a relatively low cost of living and mild climate, 
resulting in a higher percentage of visits from this particular age group.  In direct contrast to this trend, 
there is a corresponding decrease of younger visitors to the Forest.  The risks associated with a decline in 
visitation by younger demographics include is a loss of connection between younger people and 
management of public lands.  While outreach efforts are ongoing, and the percentage of Hispanic visitors 
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has increased close to the percentage of the population, the Forest will need to continue work outreaching 
and including underserved communities. 

Types of Recreation Opportunities 
Dispersed Recreation 

Dispersed recreation activities occur outside and completely independent of designated recreation sites 
or developed recreation facilities.  The large size of the Gila NF and contiguous Forest land ownership 
provide a unique opportunity for dispersed recreationists to experience solitude outside of designated 
wilderness areas.  Dispersed recreation includes a variety of both motorized and non-motorized activities, 
and may occur throughout the year.   

Motorized dispersed recreation activities may include, but are not limited to, OHV driving, scenic driving, 
and car camping.  Most dispersed motorized recreation use occurs on existing Forest roads or motorized 
trails, which vary in condition and level of development (see Chapter 14: Infrastructure).  

Many Forest system roads are backlogged for maintenance, and have been degraded by flooding and 
erosion.  Some motorized recreation visitors seek out these types of driving conditions, and consider them 
to be a challenging 4x4 experience.  However, the risk of continued erosion will limit the use of these roads 
at the development level for which they are classified as well as lead to further resource damage.   

The trend of use for OHV recreational use has shown an increase over the five-year period from 2011 to 
2016.  Many of the roads and trails across the Forest are user created that later became system roads/trails 
during a roads inventory process in the 1990s.  The trend of user created travel routes creates a situation 
where many of these routes are in need of design features to minimize resource damages.  
Implementation of the Travel Management decision will reduce the number of user created roads and 
trails by identifying routes that are open for motorized travel and limit cross country motorized travel to 
specific areas for specific purposes.  These specific routes and areas identified for motorized travel have 
been selected to provide motorized access to areas while limiting resource damages.   

Non-motorized dispersed recreation activities include, but are not limited to, hiking, backpacking, 
climbing, mountain biking, horseback riding and packing, some forms of dispersed camping, fishing, 
hunting, boating, exploring caves, geocaching, and nature viewing.  Forest visitors engaging in these forms 
of dispersed recreation experiences often make use of the Gila NF’s extensive single-track developed trail 
system.  For conditions, trends, and risks associated with the developed trail system, see the trails section 
later in this chapter.   

Hunting while dispersed camping on-forest is a very popular recreation activity on the Gila National Forest.  
There are many popular user-developed dispersed campsites distributed throughout the Forest.  Most of 
these sites are in excellent condition.  Many visitors that utilize existing user-developed campsites have 
been observed to be conscientious in maintaining a clean camp and minimizing any resource damage they 
may cause.  Some common risks associated with dispersed campsites include litter, wheel ruts in the 
ground during wet conditions, and unattended campfires. 

According to the 2011 NVUM survey, hiking/walking is most popular primary recreation activity of Forest 
visitors.  The Forest has limited opportunities for day hiking due to distances to trailheads, limited loop 
opportunities, and closures of popular trails following flooding and wildfire events.  As a result of these 
conditions, there is a trend of increasing use at many popular day hiking trails.  The risk associated with 
increased use at a limited number of trail opportunities include user conflicts, limited opportunities to 
experience solitude, and overcrowding during high use times. 
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Equestrian use (horseback riding and backcountry stock-packing) are also popular forms of non-motorized 
recreation on the Forest.  This type of use primarily occurs within wilderness and less-developed Forest 
areas adjacent to communities.  Backcountry horseback riders visiting wilderness areas use vehicles and 
stock trailers to access trailheads and areas throughout the Forest.  It is common for some of these users 
to pull stock trailers for 3 to 5 hours to reach a trailhead.  Many of these backcountry trips are multi-day 
in duration, and involve the use of both pack and saddle stock.  Day use equestrians are more likely to 
make use of Forest trails located immediately adjacent to local communities.  Conflicts between user 
groups are more likely to occur on these popular trails located nearby to population centers.   

Although not observed as being popular recreation activities, it is known that to some degree rock climbing 
and spelunking (cave exploration) do occur on the Gila. One limiting factor to the popularity of rock 
climbing has been the poor quality of the rock at many locations within the Forest boundaries, compared 
to better quality locations nearby but outside of the Forest boundary.  However, there are some locations 
where rock climbing has been known to occur, sometimes with “bolted” routes, but more often less formal 
climbs using existing, natural anchors. Some better-known rock climbing locations include the Cherry 
Creek area in the Pinos Altos Range, Purgatory Chasm in the Mimbres area, Chloride Canyon in the 
northeastern Black Range, some of the cliffs in the Jordan Spring area of the Gila Wilderness, and Saddle 
Rock in the northeastern area of the Burro Mountains.  Similarly, cave exploration is also known to occur 
on the Gila, primarily in locations of the Black Range District, but is not a significantly popular activity.  See 
the Caves section in the following pages for more details on caves. There is no direction in the current 
forest plan for management of either of these activities, inside or outside of designated wilderness.  The 
risks associated with both of these activities include: if not accounted for in project planning, these 
activities could be inadvertently impacted, and without appropriate oversight they may be a potential 
threat to wildlife, heritage, cave, or other Forest resources. 

Although the Gila National Forest is located within a semi-arid landscape, fishing and water-based 
recreation opportunities are available on approximately 957 miles of perennial streams and rivers, as well 
as on three reservoirs: Quemado Lake (112 acres), Lake Roberts (68 acres), and Snow Lake (72 acres).  
Some of the more common sport fish found in these waters include rainbow and brown trout, large and 
small mouth bass, as well as channel and flathead catfish.  Quemado Lake is one of only two lakes in New 
Mexico that have a population of tiger muskie, which is a draw that attracts anglers from all across the 
region.   

Many native fish are also found in the streams on the Forest, some of which are federally listed as 
threatened or endangered under the Endangered Species Act. A particular draw attracting fishermen to 
the Gila Forest region is the opportunity to fish for the threatened Gila trout.  Many of the streams that 
had populations of wild Gila trout on the Forest have experienced severe negative effects from wildfires 
to fish habitat.  The Gila NF is partnering on several projects with the New Mexico Game and Fish 
Department with the goal of restoring Gila trout habitat and fish populations.   

The available recreation facilities associated with the three lakes located on the Forest have been steadily 
improved, including new boat ramps installed at Lake Roberts and Quemado Lake, improving access to for 
watercraft use on these waters.  Several developed campgrounds are located near these bodies of water.   

Current fisheries improvements along with increased stocking levels has created an increase of fishing 
based recreation.  Access to many of the rivers and streams located on the Forest is by way of system trails.  
Fishing and other water-based recreation activities are dependent upon current water quality conditions.  
One of the most significant risks to water conditions is negative effects from wildfire to vegetation and 
soils.  Another risk to fisheries on the Forest is the effects of prolonged severe droughts limiting the 
availability of water and affecting the amount of stream flow.  Many lakes and streams rely on winter snow 
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pack runoff, are spring feed, or some combination of both.  For more detailed information about stream 
and lake conditions, see Chapter 6: Water. 

Developed Recreation 
Developed recreation is defined as recreation that requires facilities and results in concentrated use of an 
area (Gila Forest Plan 1986).  The Gila National Forest currently has 33 developed campgrounds (including 
2 group sites), 6 picnic sites (including 3 group sites), 98 developed trailheads, 3 public target shooting 
ranges on the Glenwood, Silver City, and Reserve Ranger Districts, an observation site, and an Interpretive 
Visitor Center near the Gila Cliff Dwellings National Monument.  Developed sites and areas experience 
greater use during the summer and fall seasons and on holidays, although several facilities (primarily on 
the southern and lower elevation portion of the Forest) remain open and receive use year-round.   

The Gila NF conducted a Recreation Facility Analysis (RFA) process in 2007 (USDA FS Gila NF 2007). Through 
this process, Forest recreation staffs analyzed all recreation facilities and evaluated how they might 
operate and maintain these sites and facilities more efficiently.  The product resulting from the RFA process 
was a document that outlined a five-year program of work that included all of the tasks required to bring 
the Forest’s recreation infrastructure into alignment with the resources available to operate and maintain 
it to standard.  These tasks included such actions as a seasonal closure of some facilities after hunting 
season, suspension of trash removal services at several sites, a change in visitor capacity at some facilities, 
installation of new signs, repairs and renovations, decommissioning of some sites, establishing fees at 
some facilities, and increasing them at other current fee sites, and increasing the recruitment and use of 
volunteers to help maintain facilities.   

Many of the tasks identified by the RFA were completed within the five-year time period which 
streamlined the management of many of the facilities.  Revisions to the fee structure across the Forest 
have not yet been accomplished at the time of this analysis.  Additional opportunities for fee sites have 
been explored since the RFA was completed.  These opportunities are currently being evaluated and initial 
planning is being conducted, including some site improvements required to be completed prior to 
implementation.  One such opportunity currently being evaluated is to implement a cabin rental program 
on the Gila NF.   

All recreation facilities are scheduled for a recreation facility condition assessment to be conducted and 
the results entered into the INFRA Recreation database at least once every five years. The inspections 
result in the documentation of all completed deferred maintenance requirements. An analysis that 
compares the between completed and deferred maintenance costs to the replacement value for each 
asset is known as the facility condition index (FCI). The FCI correlates to a facility condition rating of good, 
fair, or poor (Table 215).  A good condition rating describes a recreation site that is fully functional and 
poses little to no safety concerns to the public and agency personnel. A fair condition rating indicates that 
there is room for improvement, but overall function of the site is acceptable.  An FCI rating of poor typically 
indicates the need for major repairs, replacement, or decommissioning of the facility. 

The majority of the Gila National Forest developed recreation facilities are currently rated as in good 
condition (Table 215).  Annual and deferred maintenance needs and costs are identified and tracked in the 
INFRA Recreation database. The trend for many Forest developed recreation facilities are declining 
condition due to the growing backlog of deferred maintenance, age of infrastructure, cost of maintenance 
or replacement, and vandalism (e.g., graffiti, litter, physical damage to facilities, etc.).  The risks associated 
with developed recreation facilities not being maintained to a minimum acceptable condition include 
threats to public safety by such hazards as poor condition of infrastructure, deficiency of hazard tree 
mitigations, non-accomplishment of improvements to limit damages from flooding and other 
environmental conditions, and health and safety  issues associated with vault toilets.  Other risks include 
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a limitation on services provided at some facilities, site closures, imposing seasonal closures at more 
locations, or longer timeframes for seasonal closure periods. 

Table 215.  Recreation buildings on the Gila National Forest, with their facility condition ratings 

 

Many of the risks to developed recreation facilities are posed by environmental conditions and natural 
disaster events such as fires, flooding, and prolonged drought, as well as insect and disease outbreaks. 
Any of these natural events may impact and create hazard trees within and surrounding developed 
recreation sites.  Additionally, the presence of dead and dying trees within and near recreation facilities 
will have negative effects to the visual qualities of the area.  Dead and dying hazard trees also result in 
decreased shading and increased risk to public safety due to dead trees falling on roads, trails, or facilities.  
To mitigate safety risks to the public, developed recreation sites are continuously evaluated for hazardous 
conditions and appropriate mitigation actions are taken as needed.  Where appropriate, signage is posted 
within recreation sites and at trailheads warning of risks from falling trees. 

There are several developed recreation sites that are currently closed due to damage from recent wildland 
fires and/or flooding.  There are other sites that have instituted some type of seasonal closure or 
restrictions due to seasonal threat of flooding (e.g. monsoon season).  Many of the Forest’s developed 
recreation sites are located within floodplains which increases of the risk of flooding related damages.  
Since these sites are within riparian areas and floodplains, there are many limitations on what type of 
improvements can be implemented due to resource and public safety concerns.  This creates a 
management challenge because terrain often limits moving these sites immediately outside of floodplains.  
The Forest is attempting to balance meeting the visitor needs for developed recreation sites near water 
and providing for public safety concerns. 

A trend on the Forest is increased seasonal closures of some developed recreation sites.  The risks 
associated with implementing additional seasonal closures include limiting availability of recreation 
opportunities, possibility of increased vandalism, and decreased visitation to these sites.   

Vandalism that is known to occur on the Gila NF includes graffiti to structures within sites, destruction of 
government property, theft and damage to signs, and cutting of vegetation within the developed 
recreation sites.  The Gila NF has been implementing the use of building materials that are more durable 
and resistant to environmental factors and vandalism.  The disadvantage to using these materials is that 

Ranger District Number of 
Structures Good Fair Poor 

Black Range 7 6 1 0 

Quemado 26 16 6 4 

Glenwood 16 14 0 2 

Wilderness 54 28 5 21 

Reserve 16 12 2 2 

Silver City 25 20 5 0 

TOTAL 144 96 19 29 
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they tend to be expensive, which places financial limitations on how many sites are able be upgraded each 
year.   

Special Uses 
All uses of NFS lands, improvements and resources are considered “special uses” except for 
noncommercial recreational activities and certain activities governed by other regulations such as mining, 
timber, grazing, or road use (36 CFR 251.50). The Forest Service Special Uses Program authorizes use of 
National Forest System lands and resources through the issuance of a permit. Permit terms and conditions 
protect public and natural resource values while affording the permit holder the opportunity to conduct 
business on the national forest, or private recreation opportunities in limited circumstances (such as 
recreation residences). Under various laws and regulations set by Congress, the Forest Service collects 
land use rental fees for special use authorizations. While most land use rental fees are returned to the US 
Treasury, some fees are retained by the Forest. Certain recreation special use authorizations, such as 
outfitter/guides and recreation events, generate revenue for the Forest, which is directed to improve 
visitor services and address upgrades or deferred maintenance of recreation facilities. 

The Gila NF recreation program manages a variety of special use permits including outfitting and guiding, 
tours, trail guides, special events, photography and filming, and various other types of uses.  Currently the 
Gila NF manages 112 outfitter and guiding permits, 3 recreation residence permits, 1 marina permit, 2 
target range permits, 6 recreation events, 1 visitor center / museum permit, and 2 church group event 
permits along with many single occurrence type events.  Some the single occurrence type events that 
typically occur on the Forest are weddings, family reunions, field schools, school-related field trips, and 
many others.   

The demand for outfitter / guides to operate big game hunts on the Forest is currently being met, although 
this situation may change over the next few years as competition for trophy big game animals continues 
to increase.  The Gila NF needs to complete a capacity analysis for all special use permits to ensure there 
is an appropriate number of permits issued for any given activity within certain location perimeters.   

To date, there have been few reported conflicts among those currently permitted to operate on the Forest.  
The relatively large land base of the Gila allows competing outfitter/guides to disperse, and limits the 
likelihood of them coming into conflict over specific locations.   

There have been a small number of conflicts known to occur between outfitter/guides and the general 
public related to use of specific areas to hunt or establish a campsite.  Most of these reported conflicts are 
resolved between the two parties when they occur.  Typically, if conflicts occur repeatedly by a certain 
permittee, appropriate actions may be taken through the administration of their permit.  Many 
outfitter/guides have been operating on the Forest for many years, and they have gained the knowledge 
of where other guides typically operate along with popular areas where the general public tend to hunt.  
Because of this accumulated knowledge of use patterns, many permittees will choose operate in areas 
where there is little potential for competition and conflicts with other hunters.  Some outfitter/guides 
utilize private property to base hunting operations from, but many other special use permittees will locate 
their camps on Forest.  Proper permit administration, including regularly conducted field inspections, 
serve to ensure there are little to no impacts to resources on the ground. 

With New Mexico becoming more popular within the film industry for film production due to tax credits, 
the demand for additional special use permits for commercial filming may increase as well.  Often film 
permits require additional time to administer due to the complexity and duration of many filming 
productions.  Large film productions could impact many different resources on the Forest.   
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Some common challenges across the Forest with administering special use permits include a lack of 
personnel and training available to properly issue and administer permits.   Due to many vacancies within 
the recreation program within the past five years, administration of special use permits has been 
completed by other staff areas that have not received proper training.  This has resulted in an inconsistent 
approach on how new and existing special use permits have been administered.  A risk of not properly 
administering permits often results very few, if any, inspections to ensure there are not conflicts, overuse 
of popular sites, and resource damages.  With the Gila NF recreation program becoming more organized 
across the Forest and vacant positions being filled, these issues should be addressed and resolved in a 
unified approach across the Forest.  A current condition of many special use permits on the Gila NF is that 
many of the long term priority use permits are due to expire within the next couple of years.  As permits 
are renewed, proper NEPA clearances will be completed which will identify resource concerns and proper 
mitigation actions.  The Forest has experienced a trend of more permit requests for special events, 
endurance races, and a variety of guiding operations.  This risk of this trend is an increase of possible user 
conflicts and a possibility of the Forest exceeding the capacity of use in popular areas.  

Caves 
The Federal Caves Resources Protection Act of 1988 directs the Secretary of Agriculture to prepare and 
maintain a list of significant caves. The criteria for listing are found in 36 CFR part 290.3(c). The Forest 
Service policy is to identify and manage significant caves, although under certain circumstances the 
location of significant caves can be withheld.  

The Gila National Forest has several different known cave systems within administrated lands.  Cave 
resources include wildlife habitat, most notably for bat populations such as Pale Townsend’s big-eared bat. 
Risks to bats include activities known to impact habitat, such as mining, vandalism, and recreational caving, 
as well as disease such as White Nose Syndrome. White Nose Syndrome has not been reported in New 
Mexico to date, but the disease has been spreading west from places where it is currently documented.  
At present, the Forest recommends a few precautions to limit the spread of the disease, such as sanitizing 
gear and clothing before entering a cave.  There are six caves on the Gila National Forest that have either 
been evaluated for significance, or currently are being evaluated, but at this time no caves have yet been 
designated as significant.  When designated, all significant caves will be managed to protect and maintain 
the caves and cave resources. 

The Gila National Forest does not yet have a forest-wide cave management plan.  The Forest has utilized 
partnerships with local grotto groups, along with the Lincoln NF cave specialist, for assistance in the 
management of caves.  Two caves are currently being managed for recreational purposes with minimum 
development, and the other caves require further evaluation for development of an appropriate 
management strategy.  All of the caves being evaluated for significance are also being monitored for 
resource concerns.   

Coffee Cave is the only gated cave on the Forest, and a key can be checked out by the public to allow 
controlled access to the cave.  Road access to the cave has been damaged by flooding from the Silver Fire 
which currently limits access to the entrance.  The condition of Coffee Cave is considered good, with 
limited occurrences of resource damage.  Robinson Cave is the other cave being managed for recreational 
purposes, although this cave regularly experiences problems with littering and graffiti.  Currently, there is 
no restricted access or registration requirements to access this cave.  The Forest is presently monitoring 
the litter and graffiti damages, and undertaking clean up actions as required.  There is no road or system 
trail access to Robinson Cave, so cross country travel and knowledge of the location are required to locate 
the cave. 
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Further cooperation from our partners will be necessary to help with the identification and exploration of 
additional caves located within the Gila NF.  It is possible there are many more caves eligible as significant 
located on the Gila NF, but are not yet known to Forest personnel.  There is limited data available on 
visitation trends to caves on the Gila NF.  Most of the available information is from Coffee Cave, which 
consists of records of when the key is checked out.  The amount of use of Coffee Cave has been steady to 
slightly increasing each year as this cave becomes better known.  There is potential to grow and expand 
the cave program across the Forest with the cooperation and assistance of partner organizations and 
recruitment of volunteers. 

Night Sky 
Boasting some of the darkest nights in the Southwest, the Gila National Forest offers many visitors the 
chance to view and admire the natural night sky, a glittering dome peppered with stars, planets, and 
passing meteors.  Much of the Gila National Forest lies within the darkest category on the Clear Sky Chart 
light pollution map (Figure 171), and on the Bortle scale rates a 1 or a 2 as being in the range of excellent 
to typical truly dark sky. 

The Cosmic Campground on the Glenwood Ranger District has gained the recognition as an International 
Dark Sky Sanctuary by the International Dark Sky Association.  This is the first International Dark Sky 
Sanctuary located on National Forest System lands.  International Dark Sky Sanctuaries are lands 
possessing an exceptional or distinguished quality of starry nights.  The Cosmic Campground offers a 360-
degree, unobstructed view of the night sky, and often hosts “star parties” in cooperation with the partner 
group Friends of the Cosmic Campground.  Having this designation will help further protect and raise 
awareness for the value for dark skies.  This site is situated where there is little light pollution and low 
development. The greatest threat to this dark sky resource is increased development in the immediate 
area that could cause light pollution.  However, design for the campground will ensure light pollution 
controls will be in place for the immediate area.   

With trends of more and more people residing in expanding urban and suburban areas, the experience of 
viewing the natural night sky is becoming rarer and more unique This opportunity to view the natural night 
sky is relevant not only to astronomers, but also stargazing recreationists.  The trend of recreationists 
utilizing the Cosmic Campground for stargazing will increase as awareness about the designation and as 
opportunities to view the natural night sky become rarer across the United States.  Currently there are 
limited islands of areas that have these qualities across the region (Figure 171), and they will be 
increasingly rare as more development occurs. 



Chapter 12. Recreation 

 
Gila National Forest Assessment Report – Final  551  

 
Figure 171. Map of light pollution in the region surrounding the Gila National Forest.   

Note: Warmer (lighter) tones indicate more light pollution and cooler (darker) tones indicate less light pollution.   
From the Light Pollution Atlas (Lorenz 2006) 

Compatibility of Different Recreation Activities 
Participants in the Values, Attitudes and Beliefs (VAB) Survey for the Gila NF (USDA FS 2006a) discussed 
increasing demand for limited recreational resources, which results in the increased potential for one type 
of use to conflict with another (USDA FS 2006a). Participants in the VAB were concerned about conflicts 
between motorized and non-motorized uses. Participants also believed that many of the “problem users” 
simply lacked information about appropriate Forest rules and regulations. Unauthorized routes continue 
to appear and are created by both motorized and non-motorized activities, such as OHVs, horses, and 
hikers. Mountain biking is becoming an increasingly popular activity on the Forest. There is a variety of 
opportunities for bikers on the Gila NF, but there is potential for conflict with other trail users, in addition 
to impacts to the resource if bikers travel off designated routes.  

On the Gila NF, many visitors tend to use the Forest for multiple types of recreation purposes in a single 
visit.  For example, a visitor to the Forest for big game hunting is also likely to camp either in a dispersed 
site or in a developed campground, using Forest roads and trails, viewing scenery and wildlife, or driving 
an OHV or using pack stock.  A visitor enjoying a scenic drive viewing wildlife may also picnic, day hike, or 
visit an interpretative area.   
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Since most visitors to the Gila NF enjoy multiple recreation uses within a single visit, and are typically 
seeking solitude, conflicts amongst different user groups are minimal. The Gila NF being is a large 
uninterrupted area of public lands, providing ample opportunities for recreationists to find less crowded 
areas.  Additionally, different user groups use the same locations but at different times of year.  Where the 
majority of user conflicts occur are at developed recreation sites and areas where the Forest is near 
communities, and are more likely during popular weekends and holidays when there is increased 
visitation. 

A trend of increasing conflicts has been observed between hikers, equestrian users, and mountain bikers 
on the Gila NF trail system.  These types of conflict are most commonly known to occur in the area near 
Silver City, and are increasing as the area becomes more popular and receives more visitation by a range 
of recreation users.  The risk associated with user conflicts on the Forest trail system include impacts to 
trail conditions, and negative interactions between user groups adversely affecting all trail users’ 
recreation experiences.  Examples include horses being spooked by dog walkers, and mountain bikers 
passing hikers at high speeds, creating an impression of unsafe conditions. 

Another common and increasing conflict occurs between motorized and non-motorized recreationists.  
This conflict is typically limited in location due to the few areas where these activities overlap.  One 
example is where motorized trail use is encroaching on sections of the Continental Divide National Scenic 
Trail (CDNST) where roads cross the trail.  The risks associated with this conflict include increased user 
conflicts, impacts to trails not designed for motorized use, and resource impacts associated with the 
formation of user created trails that split off of the system trail. 

Increased visitation to the Forest is one of the biggest factors contributing to the risk of conflict amongst 
different user groups.  As visitation numbers rise, the likelihood of user conflicts also increases.  
Competition between user groups for more desirable recreation sites also increases the risks for user 
conflicts. 

Emerging recreational trends that may affect future recreation demand 

There is a growing interest in adventure races and similar events such as boot camps, mud events and 
endurance races.  These events are usually held under a special use permit by “for profit” organizations, 
although some are conducted as fundraisers.  The activities associated with these recreation events may 
include: running, bicycling, paddling, climbing, orienteering, and other activities that require endurance, 
strength and agility.   

One such event that occurs on the Gila NF is the “Ride the Divide” mountain bike race.  This race follows 
as close as possible to the CDNST, and participants attempt to ride the entire CDNST unsupported.  Another 
Gila NF recreation event is the “Tommyknockers 10” race that occurs within the Fort Bayard trail system 
near Silver City.  This event is a 10 hour endurance mountain bike race that makes use of multiple trails to 
create a loop that participants complete as many laps as possible.  The first official event occurred in 
February 2016, and was very popular. 

Other recreation activities that may contribute to the demand for recreation within the Gila National 
Forest plan area include the growing interest in zip lines, use of drones, and geo- or eco-tourism.  
Depending on where these activities may occur, if not managed they could exacerbate environmental and 
social stressors described throughout this chapter. If managed appropriately, these activities attract 
visitation to the area and contribute to the local economies without undesirable impacts.   

Recreation Fees 
The Federal Lands Recreation Enhancement Act (FLREA) was signed into law by President Bush in 2004. It 
permits federal land management agencies to establish, modify, charge and collect modest recreation fees 
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at campgrounds, rental cabins, and at day use sites that meet specific facility criteria. Recreation fees 
provide crucial resources that allow the federal agencies to respond to increased recreational demand on 
federal lands. The goal is to provide visitors with a quality recreation experience through enhanced 
facilities and services.  

The Forest charges use fees at some of the developed recreation areas including the Catwalk Recreation 
Area, Dipping Vat Campground, Juniper Campground, Mesa Campground, Piñon Campground, and Upper 
End Campground.  A majority of the revenue generated from these fee areas stays on the Forest and 
supplements appropriated dollars to maintain and enhance recreation opportunities and amenities.  
However, the revenue that is generated by the fee areas is not sufficient to address all deferred 
maintenance needs. 

The Catwalk National Recreation Trail is a tourist destination which experiences high visitation levels.  This 
site contributes significantly to the local economy of the town of Glenwood.  Due to the location of the 
trail within lower Whitewater Canyon, it is susceptible to damage from flooding, and has experienced 
periodic closures for cleanup and repairs.  The risk associated with these periodic closures of the trail 
include impact to the economy of Glenwood and surrounding areas,  while the loss of FLREA fee revenue 
affects future maintenance and enhancements.  When significant damages occur to the trail, repairs are 
prohibitively expensive, causing strain to the Forest recreation budget. 

Since the Dipping Vat, Juniper, Mesa, Piñon, and Upper End Campgrounds all collect fees and generate 
revenue used in their maintenance and improvement, these facilities are currently in good condition.  
These sites typically have volunteer campground hosts to assist with collecting fees, distributing 
information, and performing routine maintenance.  As unforeseen events occur and maintenance issues 
arise, having a campground host on-site to address or report them to managers helps to minimize the 
extent of damage and likelihood of closure for repairs.   

Visitation to these fee sites has been increasing, as observed by total fees collected.  Total revenues 
increased from $57,758 in FY 2014 to $63,488 in FY 2015.  Dipping Vat Campground is located at Snow 
Lake, Mesa and Upper End Campgrounds are located at Lake Roberts, and Juniper and Piñon Campgrounds 
are located at Quemado Lake.  Since all of these Forest campgrounds are located near lakes, drought and 
associated lower lake levels are among the greatest risks to visitation numbers for these campgrounds.  
Other risks that could affect visitation include quality of fishing opportunities, occurrence of nearby 
wildfires, condition of access roads, and negative impacts to the view shed of the surrounding Forest.   

Compared to adjacent national forests, the Gila NF has very few sites that charge fees.  Many campgrounds 
and developed recreation sites are provided at no cost to the visitor.  .  While providing many campgrounds 
and other developed sites without user fees allows Forest visitors from all economic backgrounds the 
opportunity utilize these sites, it does strain the recreation budget to continue to operate, maintain, and 
improve these sites.  The risk as associated with lack of user fees include a lack of maintenance funding as 
appropriated funding stagnates or declines.  In order to mitigate impacts from these trends, the Forest 
may need to consider alternative management actions that may include increasing the number of facilities 
that charge fees, increasing existing fees; reducing services at non-fee sites; implementing seasonal 
closure of sites during lower-use times of the year; and seeking assistance from outside partners. 

Nature, Extent, and Condition of Trails, Roads, and Other 
Transportation and Other Infrastructure to Provide Recreational 
Access 
This section will assess the conditions, risks and trends as it relates to transportation access for Forest 
recreation opportunities and trails.  The Gila NF is located the southwestern portion of New Mexico and 
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is nestled north of Interstate 10 and west of Interstate 25 (Figure 172).  These two interstates provide the 
primary access to the federal and State Highways that pass through or near the Forest and surrounding 
communities.  For more detailed information related to roads, see Chapter 14: Infrastructure. 

Access to Recreation Opportunities 

Most of the State Highways located on the Gila NF are paved (with the exception of State Highway 163 
and portions of State Highways 159 and 59).  The paved State Highways are suitable for passenger vehicles, 
and are typically open for use year round unless closed due to weather events.  The majority of these 
highways are suitable for motorhomes and trailers.  Portions of several State Highways passing near or 
through the Gila NF may be challenging driving situations for larger vehicles and vehicles towing trailers 
due to sharp curves and steep grades.  A high percentage of the Gila NF developed recreation sites 
(excluding trailheads) are located off of State Highways.  Typically county and National Forest System (NFS) 
roads accessing campgrounds adjacent to highways are well-maintained and are accessible most of year.  
The biggest risks to use of these highways are during periods of inclement weather such as heavy snow or 
rain.  Another risk to all roads in and around the Gila NF is the threat of wildfires and flooding. Roads may 
be closed for safety during fires or floods, and for longer periods depending upon the amount of damage 
to their condition.  There are a number of developed campgrounds that are only accessible by NFS roads, 
and are considered to be remote. 

Compared to developed recreation sites, the majority of trailheads tend to be located in remote areas 
accessible only by NFS roads.  Many of these roads accessing Forest trailheads are classified as 
Maintenance Level 2, and are recommend for high clearance vehicles only.  These roads typically have 
little to no improvements and receive only minimal maintenance.   The condition of the Level 2 roads may 
vary across the Forest, depending upon the time of year, location, and recent weather conditions.  During 
the drier times of year, most of these roads tend to be in good condition.  When the Forest receives 
precipitation, many level 2 roads become very difficult to travel and vehicles may become stuck and/or 
create ruts in the road during wet conditions.  Other risks to Level 2 roads include damage from wildfires 
and flooding.   

There is a current backlog of maintenance to many roads within the Gila NF due to declining budgets and 
a limited number of personnel and equipment available to perform maintenance. The risks of a limited 
maintenance budget and a backlog of road maintenance include safety concerns for visitors, a loss of utility 
for roads as deteriorating conditions could make them unusable while creating a high risk of resource 
damage as vehicles create new routes to bypass impassable sections of roads.  Resource damages from 
user created routes include loss of vegetative groundcover from the creation of ruts, soil compaction and 
increased soil erosion on steep slopes.  For additional information on road conditions, risks, and trends 
please see Chapter 14: Infrastructure. 
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Figure 172. Major access routes in and around the Gila National Forest 
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The current quality of road access to water features (Figure 173) on the Forest varies depending on the 
body of water.  Quemado Lake, Lake Roberts, and many trailheads that provide access to the Gila River 
(including the West, Middle, and East Forks) are accessible by paved roads that are in good condition.  
Snow Lake is accessible by NFS roads that are well-maintained but not paved, and during wet seasons or 
periods of heavy snow, accessibility may be difficult.  ) 

The boat ramps at Quemado Lake and Lake Roberts have recently been extended and resurfaced.  These 
boat ramps are in excellent condition.  Many of the major streams located on the Gila NF are accessible 
by State, county, and NFS roads with the majority of streams being accessible by non-motorized trails.  
Many of these trails are located immediately adjacent to or in the streambeds in the case of low water 
crossings.  Due to their location in flood prone areas, the majority of trails near streams are in fair to poor 
condition.  The tendency of deteriorating trail conditions is common across the Forest, with an accelerated 
pace of deterioration along streams due to regular flooding. 

Three lakes (Bill Evans Lake, Wall Lake, and Bear Canyon) are located near the Gila NF but are not 
administered by the Forest Service.   

Trails 
The most popular recreation activity for visitors to the Gila NF is hiking, and the Gila NF contains several 
large wildernesses, numerous inventoried roadless areas, an abundance of undeveloped backcountry, and 
limited motorized access.  Trails are not only important for recreational use, but are a vital component of 
the Forest transportation system.  Many of the trails on the Gila NF also provide access for range or wildlife 
improvements, livestock management, lookout towers, and for fire management. 

Many of the trails within the Forest were established by past users of the land prior to the establishment 
of the Gila NF.  The location of many of the trails is terrain influenced, along with providing direct access 
to water resources.  Since water availability is limited, system trails located near or to water resources are 
very popular with recreationists.  These same trails typically are vulnerable to damage from frequent 
flooding and may contribute to resource damage.  Often, existing trail slope grades and the location of 
their alignment are not ideal for addressing problems associated with drainage and erosion.  Improper 
trail design often requires the installation of numerous drainage structures to address erosion issues that 
require frequent maintenance and creates conditions that are a challenge to sustainability. 

Currently the Gila NF has a total of 1,927 miles of system trails.  There is a total of 179 miles of motorized 
trails and 1,752 miles of non-motorized trails, with 861 miles of trails located within designated wilderness.  
Under current and projected funding of the trails program, it is likely that there are more miles of existing 
trail than that can be maintained by the Forest.  There are several options that managers are currently 
exploring to address this issue.   

One option is to complete a travel analysis with possible decommissioning of less-used trails or trails that 
receive so little use or maintenance that they no longer exist on the ground.  Other options include 
teaming with partner organizations, volunteers, and special use permittees to assist with trail 
maintenance, including an “adopt a trail” program.  With limited funding and fewer personnel available to 
maintain the existing trail system, it will be necessary to develop a sustainable trail system that meets the 
needs of the trail users but is manageable with available resources.  Additionally, trails designed and 
designated sustainability and dedicated use by specific user groups may help minimize user conflicts in 
certain areas. 
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Figure 173. Major bodies of water on the Gila National Forest 
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Trail conditions vary throughout the Forest.  The trails in the best condition are usually the most popular 
trails, associated with access to water, access lookout towers, nationally designated trails, popular day 
hikes, and interpretative trails.  Because of regular use by the public, these trails are typically better 
maintained, and when there are condition issues, they are reported and addressed by Forest personnel.  
However, the majority of system trails are less used and have deferred maintenance issues to the point 
that they are difficult to locate and travel.  

Many trails are missing signs and many existing signs are unreadable due to weathering.  There is a lack of 
accurate maps of the trail system available to the public, and there is often limited information available 
on current trail conditions.  The risk associated limited information can lead to frustrated, disappointed 
recreational users, or the possibility of increased Search and Rescue incidents due to visitors becoming 
lost. 

Major disturbances such as high severity wildfires and flooding have resulted in an accelerated rate at 
which trails are experiencing damage across the Forest.  While the Forest has prioritized maintenance of 
popular trails within the disturbed areas, many secondary trails within the disturbed areas and other trails 
outside of them are neglected, which further compounds maintenance issues. 

There are many risks to the condition of trails.  The effects of wildfires and floods tend to cause immediate 
and long lasting threats.  Damage includes soil loss, vegetation loss, erosion, debris and fallen trees 
blocking trails, and encroachment of nuisance vegetation on trails following disturbances.  Vandalism and 
theft of trail signs are a threat to the navigability of the trails.  Another risk to the trail system across the 
Forest is an increasing trend of user created trails.  In many cases, these trails lack proper sustainable 
design and are in locations that can create resource damages and lack erosion control design features. 

Opportunities to Foster Greater Connection between People and 
Nature 
Participation in outdoor recreation is the most common way that most Americans come to know their 
National Forests, making recreation an important portal for understanding the meaning, history, and 
relevance of all public lands. Connecting with nature reminds people of the resources that sustain life and 
helps them understand and care about those resources. It is also vitally important that we work to connect 
youth and underserved communities, who represent the future of our constituencies, with their public 
lands as well. 

The Gila NF trails, picnic grounds, campgrounds, wilderness areas, group use areas, and interpretive 
displays/sites present countless opportunities for visitors to connect with nature. Other opportunities for 
visitors to get connected with the Gila NF include:  

 Volunteering can provide a meaningful connection with nature and benefit management of the 
Gila NF resources. Volunteers are typically engaged in a variety of activities, including maintaining 
and constructing trails, maintenance of recreation sites, maintenance and construction at 
administrative facilities, staffing interpretive facilities, serving as campground hosts, and 
presenting interpretive/conservation education programs.  Currently, there are a number of 
volunteers working across the Forest during different times of year.  The Gila NF continues to 
explore opportunities to expand the volunteer base.  There is a need to reach out to different 
volunteer groups to help develop relationships, which will help with coordinating current and 
future partnerships to complete projects.  With a limited workforce, the Forest continues to 
emphasize the importance and value of volunteers. 

Currently there is an increased emphasis on growing volunteer opportunities to foster a greater 
connection between people and nature while supplementing a limited agency workforce to 
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complete necessary work.  The current trend on the Gila NF is increased interest from the public 
to volunteer.  The Forest has not been able to accommodate many volunteer requests due to the 
limited capacity within the recreation program to manage volunteers.  A risk of not being able to 
utilize willing volunteers to their desired capacity could result in losing potential volunteers that 
eventually seek opportunities elsewhere or lose interest.  This could potentially result in fewer 
individuals connecting to the natural environment.  Growing the volunteer program along with 
increasing capacity to more effectively manage volunteer projects could result in a more 
sustainable workforce, increased opportunities for the public to connect to the natural 
environment, enhanced partnerships, and increase the public perception of the importance of 
natural resource management and public lands.     

 Fee Waiver Days waive recreation day use fees at most federal recreation areas to promote and 
encourage increased public interest and use. The Forest Service participates in five fee waiver 
days: Martin Luther King, Jr. Day; President’s Day weekend; National Get Outdoors Day; National 
Public Lands Day and Veterans Day Weekend.  The only site on the Gila NF that qualifies for Fee 
Waiver Days is the Catwalk Recreational Area. 

 Conservation Education/Interpretation on the Gila NF includes a variety of conservation 
education and interpretive programs including Smokey Bear Fire Prevention, Junior Rangers, 
career fairs, nature hikes and programs for schools on and off site. Several youth groups and 
summer camp programs also use the Gila NF as a setting for their programs. Charter schools like 
the Aldo Leopold Charter School in Silver City routinely make use of the Forest as an outdoor 
classroom to connect students to nature.  The National Outdoor Leadership School (NOLS) runs 
seven to ten backpacking courses on the Gila NF each year to develop outdoor skills, 
environmental studies, and leadership education.  The Forest has been experiencing an increased 
trend of requests for environmental education presentations.  A trend with youth in many local 
communities is a growing disconnect with the natural environment.  The risk of having a limited 
environmental education program on the Gila NF is not being able to properly meet the increasing 
requests for educational presentations, as well as missing out on crucial opportunities to connect 
with youth and underserved communities.  

 Agreements with youth development programs such as the Southwest Conservation Corps, Youth 
Conservation Corps, Rocky Mt. Youth Corps and Arizona Youth Corps provide meaningful outdoor 
work opportunities for young people between the ages of 14 and 25. Conservation Corps trail 
crews have completed trail rehabilitation projects on several Districts across the Forest.  There are 
several Youth Conservation Corps partnered with the Forest to complete trail work, maintain 
recreation facilities, and construct recreation signs.  With limited budgets to hire seasonal 
temporary employees, the Forest has increased the use of agreements with different conservation 
groups.  There has been a trend in recent years in the southwestern United States of fewer 
conservation corps crews that are available for agreements.  A risk of fewer available crews is more 
competition for crew availability during a short field season.  Within the past five years, there have 
been three different conservation groups that have been utilized on the Forest, due to long travel 
times to work locations and the skill sets required to complete work within designated wilderness 
areas.  As the Forest continues to utilize agreements, there will be a need to have a Forest liaison 
to work with these partners to set up agreements, coordinate prior to implementation of projects, 
and provide an educational component to conservation crews about the history and legacy of the 
Gila NF.  Increasing the use of conservation crews on the Gila NF will help increase the awareness 
and knowledge of the Forest and its legacy with the youth, especially to crew members from other 
states.    

 Special Use Permits allow private individuals and businesses to provide valuable services for 
visitors that may not possess the skills, equipment, or knowledge of the area to be able to 
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participate in some recreation activities on the Gila NF independently.  Privately provided 
recreation services provided under Special Use permits may include, but are not limited to, 
outfitting and guiding for hunting and fishing, tours, guided hikes or equestrian trail rides, and 
special recreation events.  See the section on Special Uses for more detailed information relating 
to the Special Uses program on the Gila NF. 

 Forest Product Permits allow the public to gather firewood, cut Christmas trees, and harvest other 
types of timber products for personal, non-commercial use.  Many people use wood-burning 
stoves or furnaces to heat their homes, and gathering firewood on the Forest has become a 
tradition for the entire family.  The number of timber product permits sold has been steadily 
increasing during the past several years.  The Forest recently removed restrictions on the 
maximum amount of fuelwood permits that an individual may purchase in a calendar year, which 
has increased the number of permits sold.  Availability, accessibility, limitations on numbers of 
new green fuelwood areas combined with remoteness of location (distance needed to travel to 
remove products) are risks to future forest products use.  Other forest products besides firewood 
that are typically gathered by the public include rocks, minerals, and piñon nuts.  If a permit is 
required to harvest a forest product, they are administered under the authority of the Timber 
Program Manager or the Lands and Minerals specialist.  A significant risk to continued availability 
of many forest products is climate change.   

 Scenic Byways / Scenic Highways offer opportunities to drive for pleasure, view natural features, 
and view wildlife.  There are two National Scenic Byways on the Gila NF:  the Geronimo Trail and 
Trail of the Mountain Spirits. See Chapter 13: Designated Areas for more detailed information.  

Scenic Character 
This portion of the chapter provides background information on scenic character, evaluates the existing 
and potential conditions, and trends affecting scenic character. 

People are concerned about the quality of their environment, including aesthetic values of the landscape, 
particularly scenery and spiritual values (USDA FS 1995b).  Located in New Mexico, the Gila National Forest 
features an abundance of spectacular scenery, ranging from high cool mountains forested with aspen and 
Douglas fir to warm semi-arid lowlands of juniper, oak and cactus. Forest Service lands that provide the 
scenic backdrop to adjacent communities offer a sense of place and contribute to the identity of those 
communities, while benefiting the local and regional economies.  It is important to manage scenic 
resources to provide natural appearing landscapes that ensure quality sightseeing and other recreation 
opportunities for the public, as well as maintaining natural landscapes for communities adjacent to the 
Forest.   

Natural appearing scenery provides the basis for high quality recreation experiences on the Forest. In other 
words, scenery is an integral component of all Forest settings, and contributes to the quality of visitors’ 
recreation experience.  Scenic resources or natural settings are recognized as a central component of the 
recreation niche of the Forest. 

When the Gila National Forest Plan was developed and approved in 1986, it identified Visual Quality 
Objectives and Recreation Opportunity Spectrum (ROS) classes by management area. However, electronic 
maps for analysis purposes are unavailable of that data. The Visual Management System (VMS) provided 
the framework for inventorying the visual resource and providing measurable standards for managing it.  
The Forest Service replaced the VMS in 1995 with the Scenery Management System (SMS) for the 
inventory and analysis of the aesthetic values of National Forest System lands. The SMS is described in 
Agriculture Handbook 701, Landscape Aesthetics: A Handbook for Scenery Management (USDA FS 1995b), 
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which provides a systematic approach for determining the relative value and importance of scenery in 
National Forest lands.   

The 2012 Planning Rule defines scenic character as: “A combination of the physical, biological, and cultural 
images that gives an area its scenic identity and contributes to its sense of place. Scenic character provides 
a frame of reference from which to determine scenic attractiveness and to measure scenic integrity.” (36 
CFR 219.19).  Forest Service agency policy (FSM 2382.3) mandates that the Gila National Forest will update 
scenery inventory using the SMS with the initiation of the current Forest Plan Revision. 

There are many ecological and physical considerations that factor into the scenic character assessment of 
the Gila National Forest along with considerations for management of specially designated areas.  The 
diversity of vegetation across the landscapes of the Forest is a key attribute of scenic character.  Species 
composition across the various elevation zones and ecological settings, existing conditions, and 
distribution all contribute to scenic character conditions.   

The Gila NF is home to many diverse landforms and landmarks that enhance scenic qualities.  Landform 
types found on the Forest include steep rugged mountains, rolling hills, valleys, steep canyons, water 
features, and vast open grasslands.  Where multiple and/or unique landforms occur in a single location, it 
tends to create unique landmarks that enhances scenic opportunities within the Gila NF.  Figure 174 is an 
example of steep, rugged mountains and canyons meeting, and combined with a variety of vegetative 
species create a unique scenic opportunity.  The management of specially designated areas require 
additional considerations to protect and enhance the scenic character that contributes to the designation.  
For additional information refer to Chapter 13: Designated Areas. 

 
Figure 174. San Francisco Box Landform 
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Existing Scenic Character 
A variety of landscapes across the Forest are managed to appear natural. This is done through a variety of 
management scenarios including providing semi-primitive non-motorized recreation settings. 
Approximately 45 percent of Forest lands are either designated wilderness areas or are inventoried 
roadless areas. Together these areas of the Forest provide an abundance of natural appearing landscapes. 
Refer to Figure 175 for a map depicting these natural landscapes. 

 
Figure 175. Map of areas that are natural appearing based on wilderness and inventoried roadless 
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The landscapes identified as suitable for timber harvesting may range from appearing slightly altered (but 
still natural appearing) to heavily altered depending upon implementation of planned management 
activities. Timber harvesting records from 1945 to 1993 show that 8 percent of the Forest had been 
managed for timber. During this time period timber production could be very noticeable in the landscape 
over several years. Although timber harvesting is one of the most noticeable activities on the landscape 
besides mining activities, because activity is site-specific and limited in scale, the majority of the scenic 
characteristics of the landscape were intact. 

Natural disturbances affect Forest landscapes to varying degrees. Typically the events that create the most 
notable changes in the landscapes are insect and disease infestations, and fires that burn outside of the 
range of historic variability.  The section “Trends Affecting the Condition of Scenic Character” has detailed 
information on how different disturbances affect current and future scenic conditions. 

Potential Scenic Character 

Natural appearing scenic character is a key component of recreation settings that attract outdoor 
recreation participants from all walks of life. The Forest has recognized the important contributions that 
scenic character plays by emphasizing it in the Forest recreation niche. Management of scenic character is 
intended to be planned in concert with the various multiple-uses that occur across the Forest to sustain 
the natural appearance of the landscape. 

As shown in Figure 175, almost half of the Forest is managed to provide natural appearing landscapes. As 
long as the Forest continues to implement management activities that meet Scenic Integrity Objectives 
under the SMS, and react to natural disturbances such as insect epidemics and uncharacteristic wildfires 
in ways that would reduce the impacts to scenic character, natural appearing landscapes should continue 
to dominate the Forest. When recreation facilities are updated or newly constructed, efforts should be 
made to ensure the facilities meet the visual quality objectives and the Forest Service Built Environment 
Image Guide. 

Factors Affecting the Condition of Scenic Character on the Gila National Forest 

Landscape characteristics of scenery have been modified over the last century by implementation of 
management activities such as timber harvesting, prescribed burning, fire suppression, grazing, wildlife 
habitat improvements, utility corridor development, and recreation developments.  These management 
activities typically impact scenic resources, but not to the same extent for all activities. This section will 
discuss the effects of the individual disturbances to scenic character. 

Natural Disturbance Regimes 
A wildfire that burns outside of the natural range of variability is likely to dramatically impact scenic 
resources over a long period of time. In contrast, localized patches of insect epidemics may cause tree 
mortality in a random pattern across a landscape level area. The mortality would impact scenic character, 
but may not be a dramatic effect to scenic character at the landscape level. These natural disturbance 
drivers combined with drought cycles have played a role in creating the current vegetative mosaic.  

Fire 
A current Gila NF priority is to restore and maintain ecosystems that are adapted to fire. In an attempt to 
use naturally-occurring wildland fire to reduce fuel levels along with achieving various resource benefits, 
the Gila NF manages natural fire starts if climatic conditions, private property, safety, and other conditions 
are favorable without risk of uncharacteristic fire for the vegetation type.  Restoring the natural role of fire 
to these ecosystems has a very positive, long term effect to ecosystem resiliency.  The reduction of the risk 
of large, high intensity, uncharacteristic fires occurring also contributes to the sustainability of scenic 
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character in the future.  When these resource areas benefit from using fire as a management tool, so does 
the scenic characteristics of vegetation.  

Wildfire, whether human caused or a natural ignition, can heavily alter the vegetative component of scenic 
character. Forested areas that once had a closed canopy can rapidly become an open canopy with few live 
trees. This can have dramatic effect on the experiences of Forest visitors that have an attachment or sense 
of place about an area that has experienced high levels of tree mortality following a fire event.   

The size of the majority of wildfire occurrences on the Gila NF is typically very small, ranging from 2 acres 
to less than 100 acres. In recent years drought conditions have contributed to an increase in wildfire size 
and intensities (see Chapter 9: System Drivers and Stressors).  Impacts to scenic character from wildfires 
vary across the Forest from having little impact to drastically impacting large areas.   

Although many factors (naturally occurring and human caused) contribute to fire severity and frequency, 
impacts from fires can have both negative and positive impacts to scenic character.  An example is a stand 
replacement fire (i.e. high severity fire) in a mature mixed conifer vegetation type.  Immediately after the 
fire event, the area have negative impacts to scenic character due to the amount of dead blackened trees, 
the presence of ash on the ground, and an overall lack of vegetation in that area.  While the majority of 
these impacts initially have negative impacts to scenic character, the view from within the affected area 
to adjacent areas are increased.  As the area recovers from the immediate effects of the fire event, 
wildflowers and ground cover increases along with a possible increase regeneration of aspen trees to 
provide a colorful setting to the area.  The following figures are examples of effects from recent large fires 
with high severities.  See Chapter 2: Upland Vegetation for more information on the fire regimes of the 
different ecosystems. 

 
Figure 176. Effects from the Silver Wildfire of 2013 seen from Emory Pass Vista 
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Figure 177. Effects from the 2006 Bear Fire  

Insects and Disease 
Insects and diseases are natural components in forest ecosystems. The cyclic nature of endemic and 
epidemic levels of each have played a role in the historic vegetative patterns across the landscape, and 
will continue to influence the vegetative mosaic of the future. Both positive and negative changes to 
vegetation can arise from insect and disease presence. Positive changes may include, but are not limited 
to, variable openings creating diversity in the forest or woodland canopy, increased heterogeneity of 
species type, and structural age class. Large scale epidemics may negatively impact scenic characteristics 
of the landscape, such as a bark beetle epidemic that kills hundreds of acres of ponderosa pine.  Historical 
records show no clear changes in outbreak patterns of native insects and diseases on the Gila NF.  Refer 
to the Insects and Disease discussion in Chapter 2: Upland Vegetation and Chapter 9: System Drivers and 
Stressors for further information. 

Human-Caused Disturbance 
A variety of management activities have occurred over a century across the landscape of the Gila NF. Some 
of these activities have included timber harvesting to support the railroad industry, grazing, mining, and 
fire suppression. Spread of nonnative species and noxious weeds has occurred in various locations. These 
historical activities have contributed to the vegetative mosaic influencing the current scenic 
characteristics.  Suppression of fire has led to stands to becoming overstocked, creating a higher risk of 
wildfire. Grazing has been taking place since before the establishment of the National Forest. Other 
activities include, but are not limited to, communication site development, utility lines, and mining.  

Fuels Reduction Treatments 
Fuel reduction treatments, including mechanical methods and prescribed burning, help contribute to a 
natural appearing landscape and reduce the risk of high intensity fire which would negatively impact scenic 
character. 

The following activities, accomplished in 2010 and 2011, are reflective of typical fuel reduction treatments 
on the Gila National Forest. In 2010 the Forest treated a total of 23,400 acres through the use of prescribed 
fire and mechanical removal. The majority of acres were treated with prescribed fire.  In the five years 
prior to 2016, mechanical treatments have focused on the wildland urban interface (WUI) areas. 
Vegetation treatments in WUI and other areas that promote the natural role of fire across the landscape 
also serve to enhance the vegetative components of scenic character.   
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Timber 
Prior to 1996 the Gila NF emphasis for timber management was to conduct even-age management 
treatments. In an effort to comply with the Mexican spotted owl and northern goshawk guidance, the 
Forest transitioned to emphasizing the use of uneven-aged management techniques. The uneven-aged 
management treatments result in more natural appearing landscape characteristics. In the last decade the 
majority of treatments occurred in ponderosa pine and piñon pine/ juniper stands.  This shift in 
management practices enhances scenic character by reducing the likelihood of uncharacteristic wildfires. 
Refer to the Timber section of Chapter 11: Multiple Uses for additional details regarding these practices.   

Vegetation management activities can have variable impacts to the scenic characteristics of the vegetative 
component of scenery management.  Some activities may be more dominant in the surrounding natural 
appearing landscape than others. The permanent land clearing that was done for the Tucson Electric 
Power Company electric transmission line corridor is in direct contrast to the surrounding natural 
landscape characteristics and would be considered as very low scenic integrity.  It is recognized that some 
deviations must necessarily be allowed for some uses and under certain circumstances, such as 
establishment of a new powerline ROW, but there may also be required mitigations assigned to reduce 
impacts.  Shelterwood establishment cuts, wildlife habitat regeneration cuts, and fuel breaks usually also 
have a low scenic integrity. The thinning and mastication shown in Figure 178 and the prescribed burn in 
Figure 179 have a moderate scenic integrity level/slightly altered appearance. 

 
Figure 178. Thinning and Mastication around Poverty Creek 
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Figure 179. Prescribed Fire at Indian Peaks 

Developed Recreation 
Developed recreation facilities on the Forest should be designed to complement and blend into the 
landscape. This is true of both Forest Service facilities and facilities operated under special use permit. The 
1986 Forest plan, along with national policies for developed recreation sites, have provided direction as 
to what visual quality objectives needed to be met for developed recreation facilities on the Forest. Under 
the new plan, the Scenery Integrity Objectives for these areas will be managed under Scenery 
Management System.  

The Gila NF has a range of developed recreation facilities, including day use sites, trailheads, campgrounds, 
and boat ramps. The facilities vary in the degree that they blend into the surrounding landscape 
characteristics.  Figure 180 and Figure 181 display examples of developed recreation facilities. 
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Figure 180. Quemado Lake Recreation Area 

 
Figure 181. Campsite in the Mesa Campground blending into the surrounding landscape 

Utilities 
Installation and maintenance of utilities rights of way on Forest lands usually create long-term 
modifications to the landscape. Powerline corridors are by necessity managed to keep vegetation at a 
minimum height over the width of the corridor to ensure reliable electrical service and human safety. The 
following photo taken on the Quemado District illustrates the contrast of the surrounding Forest and a 
maintained utility corridor. The distinct edge of the corridor is defined by lack of vegetation on the hill in 
the middle of the photo. 



Chapter 12. Recreation 

 
Gila National Forest Assessment Report – Final  569  

 
Figure 182. Powerline Utility Corridor in the Foreground Distance Zone 

Conditions and Trends Affecting the Quality of Recreational Settings  
External factors affecting the opportunity and condition of recreation related activities primarily involve 
wildfire.  In the previous 15 years, the Gila NF has experienced many large, high severity wildfires that 
have drastically changed landscapes across the Gila NF.  These large wildfires have directly and indirectly 
impacted many recreation facilities and trails on the Gila NF.  Although there have been many large scale 
prescribed fires and managed fires for resource benefit on the Gila NF, typically care was taken to minimize 
effects from these types of fires to values such as recreation opportunities, trail opportunities and scenic 
character.  In the previous five years, there have been a total of 1,208,354 acres of wildfires at a minimum 
of 1,000 acres in size occurring within or immediately adjacent to the Gila NF.  During this same time 
period, there were four fires over 85,000 acres each, and in three consecutive years (2011, 2012, and 
2013), the Gila NF had a fire over 100,000 acres in size each of these years. 

The current trend shows a likelihood for higher severity fire and flood events to occur in the future, along 
with more frequent intervals of these events.  There are many common impacts from the aforementioned 
wildfires to recreation facilities and trails.  Some of the impacts include: temporary recreation area and 
trail closures during the incident and post-fire effects of infrastructure damage and visual impacts to the 
landscape.  Typically impacts from large, high severity wildfires may cause greater damage with a longer 
duration of effect.  Areas within and surrounding large fires typically experience more intense and frequent 
flooding.  Other impacts/damages include landslides, dead trees falling on or within facilities and trails, 
encroaching nuisance vegetation, erosion, extended closures due to hazardous conditions, and silting in 
of available water sources.  Rehabilitation and restoration projects may take several years to fund and 
complete, which could delay other planned projects from being addressed. 

Climate Conditions 

The Southwest has recently experienced an extended drought, and climate predictions indicate drought 
conditions are likely to reoccur on a cyclical basis.  As fire danger increases, restrictions may be put in place 
to reduce the risk of human-caused fires.  Depending on the severity of conditions, restrictions typically 



Chapter 12. Recreation 

 
Gila National Forest Assessment Report – Final  570  

range from a ban on open campfires to Forest closures.  These restrictions limit access to recreational 
settings and opportunities.   

Extended periods of warm weather may also lead to a longer “summer” recreation season, starting earlier 
in the spring and extending later into the fall.  A longer recreation season may necessitate the need to 
extend employment for seasonal staff, while incurring additional operation and maintenance costs.  

Extended droughts directly affect available water sources for hikers.  Across the Forest, there is already 
limited water sources, and in many areas the distance between water sources limits the opportunities for 
trail users.  The Forest has experienced loss of previously reliable water sources from extended droughts, 
damages from wildfires, and a lack of maintenance to remote water developments.  The risk associated 
with the loss of water sources is limitations to user experiences due to lack of reliable water and an 
increasing need to carry larger amounts over longer distances. 

In addition to water sources, these same stressors affect water levels of the streams and lakes located 
within the Gila NF.  As stream and lake levels decrease, the diversity of recreational opportunities become 
more limited.  This results in concentrated use of streams that continue to have flowing water conditions, 
and adds pressure to streamside trails.  The flow rate, along with depth, can determine the quality of 
fishing, navigability by watercraft, and suitability for swimming or bathing in hot springs.  At lakes, 
decreasing lake levels affect access along shorelines, practical utility of boat ramps, and may result in lower 
visitation numbers.    

Sustainability of Recreation and Scenic Character Opportunities  
The goal of sustainable recreation is to: 

 Provide a diverse range of quality natural and cultural resources-based recreation opportunities, 
and protect the natural, cultural, and scenic environment for present and future generations to 
enjoy  

 Partner with public and private recreation benefit providers to meet public needs and 
expectations  

 Perform and plan by implementing systems and processes to ensure effective decisions, sound 
investments and economic efficiencies. 

National forests can no longer depend solely upon appropriated funding to meet constituents’ needs, and 
must unite diverse interests and focus scarce resources to sustain and expand the benefits of outdoor 
recreation.  To sustain these benefits, the recreation program must achieve a sustainable balance among 
the three spheres of environmental, social, and economic conditions (USDA FS 2010h). 

The current trend observed on the Gila NF is of increasing demand for services and levels of recreation 
use, in conjunction with flat or declining budgets and fewer staff. These factors make it increasingly difficult 
to maintain and operate the existing recreation and trails program infrastructure to standard.  In addition, 
recreation facilities, particularly older sites, may no longer align with the capacity or use for which they 
were originally designed.  The risk associated with not implementing a Forest-wide sustainable recreation 
strategy is that the program will continue to struggle to provide quality recreational and trails 
opportunities to the public. 

The Gila NF has created a Sustainable Recreation Strategy Action Plan to enable the recreation program 
to meet the needs of the public and protect resources, while being more efficient, effective, and 
sustainable within the current budget environment.  The Forest expects this action plan to be an evolving 
document based upon stakeholder input both internally and externally. 



Chapter 12. Recreation 

 
Gila National Forest Assessment Report – Final  571  

Influences Outside of the Plan Area Affecting Demand for Recreation  
There are many factors and influences outside of the planning area that affect the use of and demand for 
recreation on the Gila NF.  Examples of these influences include the preferences of New Mexico residents 
and out of state visitors for recreation opportunities, economic conditions, statewide and national 
recreation activity trends, and current / future recreational development within New Mexico. 

Approximately every five years, the New Mexico State Parks with cooperating agencies and partners 
produce a comprehensive outdoor recreation plan.  These documents compile data of trends and 
influences that affect recreation along with objectives and actions for New Mexico State Parks and 
partners.  The two most recent plans were published in 2009 and 2015. 

According to the 2015 Plan (NM EMNRD 2015), the favorite outdoor activities across the state of New 
Mexico are as follows: 

 Walking, hiking, and running 41%  

 Hunting, fishing, shooting, and wildlife viewing 17%  

 Camping  10%  

 Visiting parks, lakes, and sightseeing   6%  

 Team and individual sports   6%  

 Biking and equestrian    5%  

 Swimming and boating    4%  

 Other activities    9% 

These numbers are comparable to the NVUM data collected on the Forest and show that the trend of 
preferred activities on the Gila NF and within the State of New Mexico are similar.  This information 
emphasizes the importance of meeting the desired activities of visitors.   

The Viva New Mexico plan identifies five key themes in which objectives and action items were identified 
to increase benefits that outdoor recreation can provide within New Mexico.  The five themes are as 
follows: 

 Community Livability 

 Trails 

 Health 

 Economic Vitality 

 Environmental Health 

It is important that the Gila National Forest reference this plan when developing strategies for forming 
new partnerships or strengthening existing partnerships.  These plans provide useful information such as 
the availability of alternative funding sources that could be taken advantage of to assist with completing 
future projects.  Wherever the goals and actions of these plans align with those of the Gila NF recreation 
program, coordinated efforts could result in improved recreational opportunities within the Gila NF to 
future potential visitors.  

Currently there is an emphasis by the Gila NF to coordinate and partner with the State of New Mexico, 
local communities, chamber of commences, and other government agencies.  Coordination with these 
partners helps to develop a common vision for needs and desires of the recreating public, and to make 
the most of developing new opportunities and improving existing ones.  The Forest is already working with 
local communities to emphasize recreation opportunities that could attract visitation and provide benefit 
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to local economies.  The biggest risk associated with insufficient communication with these partners is a 
possible difference of priorities and vision.   

Recreation opportunities on other lands within the broader landscape 
There are a number of recreation opportunities available adjacent to and nearby the Gila National Forest.  
The Gila Cliff Dwellings National Monument, administered by the National Park Service, is located near 
the center of the Gila NF; and to the west of the Gila NF and across the border in the state of Arizona are 
the Apache-Sitgreaves NFs; and to the northeast are segments of the Cibola NF. Both of these Forests offer 
many similar recreational opportunities to ones that may be found on the Gila NF.  Differences from 
opportunities with these two nearby forests are the Gila NF has significantly larger wilderness areas and 
less development, while the Apache-Sitgreaves NFs tend draw more visitors for snow related activities, 
and have more fishing opportunities. 

There are several New Mexico State Parks in the area surrounding the Gila NF that offer hiking and 
camping.  Two nearby State Parks are located on some of largest lakes in New Mexico (Elephant Butte Lake 
and Caballo Lake), offering a variety of water related recreation opportunities as well as camping and 
hiking.  Two other state managed lakes in the area   that are popular fishing destinations are Bill Evans 
Lake and Bear Canyon Lake.  City of Rocks State Park offers camping and hiking opportunities.   

There are a number of BLM developed recreation sites in the Gila NF region that offer hiking, camping, 
visitor center activities, and other opportunities.  Additionally, many adjacent BLM lands (and New Mexico 
State Lands) allow both hunting and dispersed camping.  The primary difference between many of these 
aforementioned areas (except for the Apache-Sitgreaves NFs) is that they feature a semi-arid desert 
environment with limited forested areas as compared to the Gila NF. 

There are several National Wildlife Refuges administered by the U.S. Fish and Wildlife Service located 
within the broader area, including the Bosque Del Apache, Sevilleta, and San Andres National Wildlife 
Refuges.  These refuges all provide excellent opportunities for wildlife viewing, including large bird 
migrations. 

Many of the recreation opportunities adjacent to the Gila NF have a minimal impact on the demand for 
recreation services provided by the Forest.  In many situations, visitors to nearby opportunities will make 
use of recreation sites on the Forest as well.  The majority of adjacent recreation opportunities offer a 
different recreation experience (either in a different ecological setting or unique activity not offered on 
the Gila NF), which allows visitors to southern New Mexico a variety of experiences in diverse settings.  A 
common trend observed among visitors to southern New Mexico is that when visiting their planned 
destination, they discover other recreation opportunities found within the area.   

Stakeholder Input 
There were a number of comments received relating to the personal value of recreation on the Gila NF. 
Some common values identified included: opportunities for hunting and fishing, trails and roads for access 
and recreation, opportunities for developed and dispersed recreation, open access to the Forest, the need 
for current information, development of the Cosmic Campground, protection of wilderness and primitive 
areas, economic benefits to local communities, and opportunities for future generations to use the Gila 
NF. 

There were also comments received that questioned the validity of the analyzed NVUM data that was 
collected in 2006 and 2011 in light of  recent events and circumstances, such as changes in economic 
conditions, and fire and flooding events, that have occurred since that data was collected. There was a 
desire expressed for considering more recent data that may show these effects. Comments also 
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questioned future trends in use by the Baby Boomer generation. These comments proposed that as they 
aged, some of the activities this demographic engaged in would no longer be physically possible, and so 
there may be downward trend popularity of those activities. Comments also speculated that 
implementation of the Travel Management Rule may reduce future numbers of OHV recreation on the 
forest, with a similar effect to dispersed camping, although 3,334 miles of road and 174 miles of trail are 
currently open to motorized travel, and camping is allowed in 36 approved areas, and within 300 feet of 
1,316 miles of dispersed camping road corridors. 

Comments related to current recreation conditions on the Gila NF were similar.  There were many 
comments about the need to update and improve existing campgrounds.  People felt that there is a need 
for additional opportunities for camping.  It was also identified that there is lack of interpretive and 
environmental education services offered by the Forest. 

Many comments noted that the majority of trails were in poor condition, and that many popular trails 
were currently closed to the public.  Other comments also mentioned the impact of flooding and wildfires 
on trail conditions, and noted that declining budgets affected the amount of maintenance being 
completed.  There were concerns expressed that new, realigned, or reconstructed trails should be of a 
sustainable design.  Comments also noted that many trail signs are unreadable or completely missing, and 
the need for updated trail maps.   

Many trends were identified through public comments.  An increase of litter and trash scattered 
throughout the Forest has been observed.  Conflicts amongst different user groups have been increasing.  
The trend of decreased budgets and emphasis of the recreation program affecting the conditions of 
facilities and trails was observed.  Limiting access, closing roads / trails, and closing existing campgrounds 
was also a common comment.  One stakeholder suggested identification of gaps in providing sufficient 
public access for recreational use to important areas of the Gila NF and how strategic access points could 
be created through land acquisitions, access easements or other tools. 

Comments also identified several risks to the recreation program.  Risks of declining visitation and use of 
the Gila NF due declining conditions of facilities and trails will have negative impacts to local economies.  
Lack of outreach about recreational opportunities will result in future visitors overlooking the Gila NF as a 
destination.  The risk of extended and seasonal closures of developed recreation sites and trails will lead 
to overcrowding of open sites, increased user conflicts, and an increase in resource damages. 

Summary 
The Gila NF features a unique and diverse range of recreational opportunities as compared to other 
national forests within the Southwest Region.  Opportunities for solitude, either as part of a wilderness 
experience, or even when pursuing more developed recreation experiences is one of the strengths of the 
Gila NF.    This opportunity for experiencing large areas of undeveloped wilderness combined with the Gila 
NF’s association with Aldo Leopold creating of the world’s first designated wilderness area make the Forest 
a national and international destination.  

Demand for recreational opportunities on the Gila NF is increasing, while many in-demand opportunities 
have limited availability on lands adjacent to the Forest.  Effects to the recreation program are increasing 
by more frequent, uncharacteristically severe intensity wildfires, post-fire flooding, drought, insects and 
disease, and an increasing backlog of deferred maintenance for recreation facilities and trails.  These 
impacts negatively affect the quality of recreation settings, opportunities, seasons of use, and visitor 
experiences.  Management of Forest recreation opportunities with stagnant or declining budgets, limited 
staffing, conflicting user group demands, and resource impacts will continue to be a challenge.  It will be 
vital for the Forest recreation program to work internally with other program areas and externally various 
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partner groups, currently underserved communities, and volunteers to develop and implement a 
sustainable recreation program. 
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Chapter 13. Designated Areas 
Introduction 
Every National Forest has areas that contain special, exceptional, or unique values. Many of these areas 
meet the criteria to be considered special places and can be designated special status. This status can be 
on a national, regional, or local scale. Designated areas are specific areas or features within the plan area 
that have been given a permanent designation to maintain its unique special character or purpose.  
Designation of these areas undergoes rigorous scrutiny and study that can last years, depending on 
individual circumstances. Official designation of areas may be established by statute (statutorily 
designated areas or often called congressionally designated areas) or by administrative processes 
(administratively designated areas).       

Designated areas within the Gila NF by type of designation include: 

 Statutorily Designated Areas 

o Three wilderness areas 

o Two wilderness study areas 

o One national scenic trail 

 Administratively Designated Areas 

o 29 inventoried Roadless areas 

o One research natural area  

o Two scenic byways 

o Three national recreation trails 

o Critical habitat for six threatened and endangered species 

Areas within the Gila NF eligible or recommened for designation include: 

o Eight eligible wild and scenic rivers (eligibility is completed administratively, official 
designation is completed through Statute) 

o Four proposed research natural areas 

Some benefits of designated areas may include connecting people to their natural and cultural heritage, 
providing unique recreational opportunities, preserving intact natural systems, and protecting special or 
unique features.   

This chapter will discuss: 

 Ecosystem Services of Designated Areas 

 Descriptions of Existing Designated Areas located within the Gila NF 

 Current Conditions, Uses, and Trends of Designated Areas Within the Gila NF  

 Designated Areas located adjacent and near the Gila NF 

 Potential Need or Opportunity for Future Designations 

 Contributions of Designated Areas to Social, Economic, and Ecological Sustainability 

 Synopsis of Stakeholder Input received on designated areas 

 Chapter Summary  

The chapter will not address the separate but required inventory and evaluation process which is governed 
by Chapters 70 and 80 of the 2012 Planning Rule. This separate process requires the Gila NF to identify 
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and evaluate lands which may be suitable for inclusion in the national wilderness preservation system (see 
FSH 1909.12, Chapter 70) or the wild and scenic rivers system (see FSH 1909.12, Chapter 80). The Gila NF 
will conduct inventory and analysis through a separate public engagement process following the 
assessment but prior to the development of alternatives during the formal plan development process as 
governed by the National Environmental Policy Act. 

Ecosystem Services of Designated Areas 
Ecosystem services of designated areas provide some level of protection for the values they were 
designated for. This allows regulating services, such as storage of carbon, water filtration, climate 
regulation etc. to function with some level of protection.  For example, designated areas often provide 
high-quality water, soil, and air resources (DellaSala et al. 2011). Designated areas can play a role in 
conserving biodiversity and facilitate connectivity (Loucks et al. 2003).  In addition, designated areas can 
provide important social and economic services, including significant recreational and scenic 
opportunities, places to connect with nature and spirit, and contribute to the local tourism industry 
(Rasker 2006). They also offer the ability to connect with history and provide places for research. 

 

Wilderness 
The concept of managing some areas within the National Forest System as wilderness was first applied in 
1924, with the administrative designation of the Gila Wilderness at the urging of the conservation pioneer 
Aldo Leopold.  The Gila Wilderness became a part of the National Wilderness Preservation System when 
Congress passed the Wilderness Act of 1964.  The definition of wilderness from the 1964 Wilderness Act 
is: 

“A Wilderness in contrast with those areas where man and his own works dominate the 
landscape, is hereby recognized as an area where the earth and its community of life are 
untrammeled by man, where man himself is a visitor who does not remain.” 

In the 1964 law, Congress acknowledged the immediate and lasting benefits of wild places, by passing 
landmark legislation that permanently protected some of the most natural and undisturbed places in 
America. The Wilderness Act established the National Wilderness Preservation System "...to secure for the 
American people of present and future generations the benefits of an enduring resource of wilderness.”  
In 1980, the Blue Range and Aldo Leopold Wilderness Areas became part of the National Wilderness 
Preservation System with the passage of the New Mexico Wilderness Act.  The three wilderness areas 
together total around 792,584 acres, or approximately 24 percent of the Gila National Forest (Figure 183). 

The Wilderness Act prohibits permanent roads and the use any form of motorized or mechanized transport 
within wilderness areas. The Wilderness Act requires management of human-caused impacts and 
protection of the area's wilderness character to insure that it is "unimpaired for the future use and 
enjoyment as wilderness." 

The Wilderness Act describes wilderness using the following four qualities of “wilderness character”: 

 Untrammeled – free from modern human control or manipulation 

 Natural – where the natural condition of the land, its plants, wildlife, water, soil, air and the 
ecological processes are managed, protected and preserved 

 Undeveloped – retaining its primeval character and influence, as is essentially without permanent 
improvements or human occupation 

 Outstanding opportunities for Solitude or Primitive and Unconfined Recreation – opportunities 
for solitude or primitive and unconfined recreational experiences 
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There is sometimes a fifth quality of wilderness character called “Other Features of Value,” which are 
ecological, geological or other features of scientific, educational, scenic, or historical value that are truly 
unique and essential to the character of a particular wilderness, but this may not be applicable to all 
wilderness areas.            

 
Figure 183. Wilderness and Wilderness Study Areas, Gila National Forest 
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All of the Gila NF’s wilderness areas have the following characteristics in common: 

 Popular activities within wilderness on the Gila NF include: hiking, backpacking, horseback riding, 
camping, hunting, fishing, and wildlife viewing. 

 Many of these activities provide opportunities to seek solitude in a natural primitive setting. 

 Current overall recreational use of the wilderness on the Forest is considered relatively low as 
compared to other wilderness areas located nearer to large metropolitan areas.  However, each 
wilderness area has popular trails and specific that may experience periods of high use and 
associated concerns for impacts to resources and the solitude component of wilderness character.    

 There are significant numbers of documented intrusions by motorized vehicles in all of the 
wilderness areas. This tends to mostly occur where gentle terrain intersects the boundaries of 
wilderness areas, and additional undocumented intrusions may be occurring in remote locations 
of the wilderness boundaries.  Implementation of the travel management decision (including the 
prohibition on cross-country travel and designation of a motorized route system) may reduce the 
recurrence of motorized trespass and help protect wilderness character.  

 A significant backlog of trails maintenance currently exists forest-wide, and particularly within fire-
affected areas of wilderness.  This situation can create issues with resource damage due to 
erosion, more concentrated use in unaffected areas and poorly located user-created trails, which 
may have a detrimental effect to overall wilderness character. 

 Although most commercial uses are prohibited, Outfitter/Guide (O/G) use is permitted to the 
extent allowable under the Wilderness Act. However, adequate O/G program oversight is essential 
to ensure that O/Gs are in compliance with the terms of their permit to protect wilderness 
character, and that they are following appropriate Leave No Trace practices and interpreting 
wilderness values to their clients. 

 The sights and sounds of military overflights have a negative effect on opportunities for solitude 
in wilderness across the Forest. 

 The 1986 Gila Forest Plan mandates the management of the wilderness resource for quality 
wilderness experiences and to protect and preserve the unique wilderness character of each 
wilderness area. The plan provides a number of standards and guidelines for the purpose of 
achieving this desired condition. 

 The 1986 Forest Plan also provides direction for allowing wildfire to be managed for resource 
benefit within wilderness.  Managing fires for resource benefit can be challenging due to public 
concerns, adjacent private land issues, and the effects of fuel loading, slope, aspect, terrain, 
and/or seasonality on fire intensity.  Use of prescribed fire presents challenges dealing with fuel 
loadings, threatened and endangered species restrictions, and mimicking the timing of naturally 
occurring fire. Although wilderness resource benefits may be a positive secondary effect, by 
agency policy prescribed (agency ignited) fire may only be used in wilderness for fire management 
objectives (i.e., to reduce the possibility of future wildfires moving onto adjacent private property, 
or to reduce fuel loading and the likelihood of high intensity wildfires outside the natural range of 
variability).  

  The 1986 Forest Plan provides the following management direction specific to wilderness areas: 
o Maximum group size of 25 persons and/or 35 head of pack and saddle stock 
o Organized recreation events either competitive or non-competitive (for example: runs, 

games, trail endurance events, etc.) will not be allowed within designated wilderness 
areas 

 To meet the requirements of law, policy and regulation, the Forest must undergo a Minimum 
Requirements Analysis (MRA) prior to undertaking any management action within congressionally 
designated wilderness. The MRA is a process to determine what is the least intrusive tool, 
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equipment, device, force, regulation, or practice determined to be necessary to accomplish an 
essential task that will also achieve wilderness management objectives. The management tool 
that is most commonly used to conduct an MRA process is known as the Minimum Requirements 
Decision Guide (MRDG).  

 
According to National Visitor Use Monitoring (NVUM) data that was collected on the Gila NF in 2006 and 
2011, there has been an increase of visitation to wilderness areas from 18,000 reported visits in 2006 to 
21,000 visits in 2011 on the Gila NF.  In addition to the trend of increased number of visits, the average 
duration of a visit to wilderness areas on the Gila NF has increased from 15.5 hours per visit to 17.3 hours 
per visit.  The risk of increased visitation is that popular areas may be experiencing periods of high use 
which could decrease the quality of a solitude experience.  This risk may be a contributing factor to the 
trend of longer average duration of a single visit, due because of a need to visit more remote areas to 
experience solitude.   

Gila Wilderness 

The cache of being the world’s first formerly designated wilderness, combined with the associated ties to 
legacy of conservationist Aldo Leopold, makes the Gila Wilderness a national and international 
destination. However, the Gila is also a draw for visitors who seek a primitive natural experience, regardless 
of its place in the history of wilderness management.  At 559,688 acres, the Gila is New Mexico’s largest 
wilderness, with an extensive trail system providing access.  High mesas, rolling hills, and deep canyons 
distinguish the eastern portions, as do piñon and juniper woodland and a few grassland areas. Ponderosa 
pines blanket the central portion, with sheer cliffs outlining the Gila River. The west and southwest 
portions boast high mountains with spruce-fir forests, particularly within the Mogollon Range, with 
elevations up to 10,895 feet at Whitewater Baldy.  The headwaters of many important rivers and creeks 
originate in the Gila Wilderness. 

Of all the wilderness areas on the Gila NF, the Gila Wilderness receives the majority of recreational use.  
Most of this use occurs from early spring through late fall.  Popular recreation activities within the Gila 
Wilderness include backpacking, day hikes, horse / pack trips, and big game hunting.  Current visitation is 
generally light, with minimal user conflicts.  Some areas within the Gila Wilderness do experience periods 
of high use, in particular the East, Middle, and West Forks of the Gila River and trails located near Gila Cliff 
Dwellings National Monument. When water levels in the rivers are high enough, rafting and kayaking does 
occur on the Gila River from Grapevine Campground to Mogollon Box.  The popularity of these areas are 
due to proximity to water sources and access to the wilderness boundary.   

The Gila Cliff Dwellings National Monument (administered by the National Park Service) is a popular 
destination, and many visitors to the monument also take time to hike on one of the nearby trails that 
lead into the Gila Wilderness.  This contributes to the trend of high visitation to these areas of the Gila 
Wilderness during summer months.  The risk of increased visitation includes over-crowding which could 
limit the opportunity for visitors to experience solitude.   

Other risks of popular areas and trails are increased opportunity for user conflicts, resource damage from 
overuse of popular trails and campsites, and increased user-developed trails.  There are many areas within 
the Gila Wilderness that experience very light visitation.  These areas include trailheads located away from 
populated areas with difficult access, areas within the Gila Wilderness that are greater than 10 miles from 
the nearest boundary, and many locations within the wilderness that have limited water sources.  The risk 
to these areas is that without regular use, many remote trails are a low priority to receive maintenance 
and tend to be declining in condition.  Many trails in these less-visited areas are difficult to find and to 
follow.  Poor trails can limit recreational opportunities and create social trails into ecologically fragile areas 
which diminish wilderness character. 
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Grazing and grazing improvements are expressly authorized under the1964 Wilderness Act, which states 
“The grazing of livestock, where established prior to the effective date of this Act, shall be permitted to 
continue subject to such reasonable regulations as are deemed necessary by the Secretary of Agriculture.”  
Therefore grazing continues within the Gila Wilderness, although significant grazing reductions on the Gila 
NF within wilderness and non-wilderness alike occurred in the 1950s and then again in the 1990s.  Since 
then, grazing numbers within the Gila Wilderness have remained fairly stable, with some decline for at 
least the past 10 years.  There are a number of grazing allotments within the Gila Wilderness that are 
currently in non-use status, or grazing less than the administratively permitted numbers.   

Grazing management activities that occur within the Gila Wilderness on active allotments includes 
maintenance to range improvements such as fences, water structures, gates, and holding pens.  Some 
visitors to the Gila Wilderness have expressed that the existence of grazing does have a negative effect to 
their wilderness recreation experience.  There is a risk that these activities could impact visitors’ solitude 
experience during implementation and consequential negative visual effects.  However, to mitigate any 
visual effects from fences and structures, the location is preferred to be out of the view of existing trails.  
Additionally when possible, materials and designs that blend in with the surrounding area are utilized to 
minimize impacts that can detract from a wilderness experience.   

There are many existing or potential management activities that occur within the Gila Wilderness.  The 
risk of nonnative species establishment and expansion within the Gila Wilderness has profound negative 
impacts to the natural quality of wilderness character, particularly in riparian/aquatic areas where many 
nonnative species may outcompete native species.  The short-term negative effects to untrammeled 
quality during nonnative control activities are considered against the long-term positive effects to the 
natural quality of the wilderness character in the Minimum Requirements Analysis process. 

The Gila NF routinely partners with the New Mexico Game and Fish Department along with the US Fish 
and Wildlife Service to complete a variety of habitat improvement and species management activities 
within the Gila Wilderness.  The trend of these activities has remained constant in recent years.  Most of 
these activities occur on an annual basis, and after being analyzed by the Minimum Requirements Decision 
Guide are found to have minimal impacts to wilderness character in comparison to positive effects.  The 
risk of these projects include negative effects to the untrammeled quality of wilderness character, short 
term disruptions in location-specific areas while work is conducted that could affect opportunities for 
solitude.  However, the risk if these projects are not completed would have a negative effect to the natural 
qualities of wilderness character. 

Other activities that may impact wilderness character and visitor experiences include trail 
maintenance/construction, administrative cabin maintenance, and fire lookout tower operations.  Many 
times, the risk of affecting wilderness character has a short duration during the activity, but has a long-
term benefit overall.  When these activities occur, the design of the features attempts to blend them into 
the natural environment when possible. 

The ecological condition of the Gila Wilderness is dependent on many environment factors.  During 
periods of prolonged drought, decreased water levels in streams, springs, and rivers within the Gila 
Wilderness have been observed.  Drought and reduced water levels may limit recreational opportunities, 
affect wildlife, impact aquatic species, and affect vegetative health, increasing susceptibility to insect and 
disease outbreaks and increased likelihood of uncharacteristic wildfires outside the natural fire regime for 
specific ecosystems (see Chapter 9: System Drivers and Stressors). 

Fire management activities that occur within the Gila Wilderness include actions related to fire 
suppression and management of naturally ignited fires.  The Gila NF has trended towards managing 
naturally ignited fires within the Gila Wilderness across the landscape since the 1970’s when conditions 
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are favorable.  Risks associated with managed fire include short term negative effects to air quality, 
potential for areas experiencing high severity fire effects, and possible temporary area closures.  However, 
the risk of not managing these fires leads to continued fuel loading and a higher potential for 
uncharacteristic fire severity in the future negatively impacting the ecosystem. Restoring the natural role 
of fire to the ecosystem has a very positive, long-term effect to wilderness character and ecosystem 
resiliency.  In contrast, large areas of uncharacteristic fire may be detrimental to wilderness character and 
cause significant ecological impacts such as erosion, stream sedimentation, vegetation loss, and negative 
impacts to certain wildlife and aquatic species (see Chapter 9: System Drivers and Stressors). 

During the past ten years there have been several large fires that have occurred within the Gila Wilderness, 
see Figure 184.  The majority of these large fires have occurred in the central and western portions of the 
Gila Wilderness.  Fire severity is dependent on weather conditions, fuel loading / type, and when the area 
has last experienced fire.  Many fires within the Gila Wilderness burn in a mosaic pattern with lower 
severities in locations where recent fire has occurred to high severity where there has been minimal fire 
in recent history.   

 
Figure 184.  Fires 1,000+ acres within the Gila Wilderness 2005 – 2015 
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The Gila Wilderness is the only class 1 airshed within the Gila National Forest (see Chapter 5: Air).  
Currently, air quality within the Gila Wilderness is very high quality, with minimal impacts from pollution.  
The long distances from large urban areas contributes to the increased air quality along with minimal 
impacts from air and light pollution.  A risk to the air quality of the Gila Wilderness is smoke impacts from 
fires burning within and adjacent to the wilderness.  When planning for prescribed fire project 
implementation near the Gila Wilderness, potential impact from smoke to air quality is a significant 
consideration for implementing the project.  With many prescribed fire projects, implementation is 
planned when wind conditions are favorable to have a minimal impact to the class 1 airshed.    

Aldo Leopold Wilderness 
The Aldo Leopold Wilderness is 203,797 acres (New Mexico’s third largest), and straddles the crest of the 
Black Range.  Containing some of the most rugged portions of these mountains, the crest of the range 
overlooks a series of east-west trending steep and narrow stream valleys, one thousand or more feet deep.  
The Continental Divide cuts across the center ridgeline of the Wilderness, and a section of the Continental 
Divide National Scenic Trail (CDNST) is present.  Hiking and backpacking are the major recreational 
activities, but scarcity of water inhibits many potential visitors as most streams and springs are seasonal 
and unreliable.  The Aldo Leopold Wilderness is often considered New Mexico's "wildest wilderness" with 
low use and excellent opportunities for solitude.  Only Forest Service Road 150 separates the Aldo Leopold 
Wilderness from the even larger Gila Wilderness. Prior to construction of this road, the area that is now 
the Aldo Leopold Wilderness was part of the original administratively designated Gila Wilderness. Hunting 
is another popular activity within the Aldo Leopold Wilderness.  Rugged terrain and limited access points 
reduce the amount of hunters that are able to utilize remote areas within the wilderness.     

Access into the Aldo Leopold Wilderness is limited, and many trailheads are in remote areas and accessed 
by forest roads that require high clearance vehicles.  Most trailheads are located off of paved roads and 
require hiking several miles before entering the wilderness boundary.  This limitation on direct access is a 
contributing factor to lower visitation numbers than the neighboring Gila Wilderness.  The majority of 
visitors to the Aldo Leopold Wilderness stay for multiple days, likely due to the remoteness of the area.  
During recent years, there has been an increasing trend of visitors requesting trail information for the Aldo 
Leopold Wilderness.  Many of the information requests are for areas to experience solitude, but also 
inquiring about water availability.  Visitors often report that during their trip they did not see another 
person the entire time. 

Existing or potential management activities that may affect wilderness character have occurred within the 
Aldo Leopold Wilderness.  As with all management actions in wilderness, these activities are analyzed with 
a Minimum Requirements Decision Guide to determine the minimum requirements to accomplish 
wilderness management objectives. These management activities include native fish reintroduction within 
Diamond Creek, South Diamond Creek, and Animas Creek.  These three systems are typically some of the 
only streams in the area that consistently have water throughout the year.  Impacts to wilderness character 
from these activities are outweighed by long-term benefits to natural quality, and offset somewhat by use 
of primitive tools and pack stock to transport needed supplies to accomplish these projects. 

Trail maintenance routinely occurs within the Aldo Leopold Wilderness.  The majority of trail work occurs 
on the CDNST and the Black Range Crest Trail.  There are minimal impacts to the wilderness character due 
to the use of primitive tools, and interactions between trail crews and hikers seldom occur.   

Grazing is an existing use the Aldo Leopold Wilderness.  Maintenance of fences and range improvements 
do occur, however the majority of maintenance work is with primitive tools, and much of the range 
infrastructure is located away from popular trails.  The risk of grazing related activities include possible 
interactions between wilderness visitors and cattle.  Very few occurrences result in negative interactions 
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although some of the interactions could detract from a wilderness experience.  Since water is a limited 
resource within the Aldo Leopold Wilderness, cattle and other ungulates could cause impacts to riparian 
areas (see Chapter 7: Riparian). 

Environmental disturbances include drought, insect and disease outbreaks, and fire.  Since the Aldo 
Leopold Wilderness has limited sources of water, the risk of a long duration drought has the potential to 
have significant impacts to wildlife and vegetation condition.  The Wilderness has experienced trends of 
increased length and severity of droughts during the past 10 years.  There have been many annual below 
historic average measures of snowpack and monsoonal moisture events in recent years.  Along with below 
average snowpacks, snow has typically melted off earlier than normal.  The risk of snowpacks melting 
earlier in the year increases the potential for water sources to become dry during the summer months and 
for less moisture to remain in the soil throughout the year (see Chapter 6: Water and Chapter 9: System 
Drivers and Stressors). 

During the mid-2000s, there was an outbreak of bark beetles associated with drought that affected large 
stands of ponderosa pine throughout the Aldo Leopold Wilderness.  As many ponderosa pine trees died, 
this elevated the risk of wildfire.  As many of these dead trees began to fall, it increased the amount of 
fuel loading in these stands, which would also increase the intensity and severity of wildfire. See Chapter 
9: System Drivers and Stressors for more details on insects and diseases on the Forest.  

Since the mid-1990s, the Aldo Leopold Wilderness has experienced a number of large-acreage fires (see 
Figure 185).  The majority of these fires have occurred along the crest of the Black Range mountains within 
mixed conifer and ponderosa pine stands.  The Silver Fire in 2013 burned a large part of the south half of 
the Aldo Leopold Wilderness, including large areas of high severity.  Risks associated with large contiguous 
areas of high severity fires (as opposed to a mosaic of different fire severities) include a reduction of 
mature, late successional stands of forests across extensive areas leading to reduction of shade and 
increases in temperatures and drying of these sites.  Soil erosion and large scale flooding often follow 
these large, high severity fire events, and due to the steep terrain found throughout the Aldo Leopold 
Wilderness the magnitude of these fire effects can be more severe than other parts of the Forest. 
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Figure 185.  Fires 1,000+ acres within the Aldo Leopold Wilderness 2005 – 2015 

Blue Range Wilderness 
While the Blue Range Wilderness is the smallest wilderness area on the Gila NF at 29,099 acres, it is also 
located immediately adjacent to the Blue Range Primitive Area (199,505 acres) of the Apache-Sitgreaves 
National Forests in Arizona.  The state line is all that separates the two areas, with New Mexico's 
Wilderness tucked into the Blue Range Mountains and halved by the Mogollon Rim, a dramatic edge of 
the Colorado Plateau that runs east to west.  The Blue Range Wilderness is managed with an emphasis on 
the primitive end of the Recreation Opportunity Spectrum (ROS) (USDA FS 1986b).  There are six trails 
located in the Wilderness, two of which may only be accessed from the Arizona side of the boundary.  All 
have higher degrees of difficulty to follow, and there are no dependable water sources available.  There is 
minimal visitation to this area by hikers and in the fall by hunters, offering excellent opportunities for 
solitude.  However, many visitors to the area seeking opportunities for solitude tend to visit either the Gila 
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Wilderness or Blue Range Primitive Area in Arizona, because of more trail opportunities and available 
sources of water, which contributes to low visitation of the Blue Range Wilderness.  The risk of a trend of 
low visitation is becoming a low priority for trail maintenance.  This may further limit opportunities for 
trail users, while enhancing the experience for visitors that are seeking a primitive wilderness experience.   

There are concerns about a permitted powerline located immediately adjacent to the wilderness boundary 
affecting wilderness character. Also, within the Blue Range there are semi-precious minerals (including 
agate, bytownite, chalcedony, labradorite, hypersthene, and rhyolite) at well-known locations that are 
relatively accessible in close proximity to both the wilderness boundary and the trailhead Pueblo Park 
Campground. The visible ground disturbance caused by concentrated gathering and removal of minerals 
from the area by amateur enthusiasts, known as rock-hounds, is a threat to wilderness character. There 
are additional concerns of motorized intrusions within the lower elevations on the eastern and southern 
wilderness boundaries. 

The ecological condition of the Blue Range Wilderness is currently within a late seral successional regime 
due to limited disturbances in the area.  This area has not had large fire events or insect and disease 
outbreaks during the last 25 years.  Periods of drought have affected the Wilderness, reducing water levels 
and flow rates, impacting vegetation and wildlife, and limiting already scarce water sources for visitors.       

Wilderness Study Areas 
When the New Mexico Wilderness Act was passed in 1980, it designated two areas, the Hell Hole and 
Lower San Francisco Wilderness Study Areas (WSAs) for review to determine if they feature wilderness 
characteristics to make them worthy of designation by Congress as wilderness (Figure 186). The Forest 
Plan (USDA FS Gila NF 1986) evaluated the Hell Hole and Lower San Francisco Wilderness Study Areas for 
wilderness suitability as directed by Congress and the New Mexico Wilderness Act, and recommends that 
these areas not be designated as wilderness. Until such time that Congress acts on this recommendation, 
the Forest Plan calls for managing these lands to maintain existing wilderness character. However, no 
baseline monitoring data has been collected for the Wilderness Character within these WSAs.   

Hell Hole Wilderness Study Area 
The Hell Hole WSA (18,860 acres in size57 ) is located south of Mule Creek, New Mexico with the boundary 
running along the Arizona State line. Access is from the north via Highway 78 west of Mule Creek. A county 
road heading south from Mule Creek forms the eastern boundary of the WSA.  

The landscape of the southern portion of the WSA is dominated by topographic features including deep, 
rugged canyons, rocky peaks, and steep cliffs. The northern portion of the WSA is primarily rolling hills.  
Vegetation varies greatly with elevation and aspect. The presence of ponderosa pine in the WSA is 
somewhat unusual, as it is rather scarce in surrounding areas. The area lends itself to a variety of primitive 
recreation activities. The degree of difficulty and variety of conditions found in the WSA provide an 
adequate level of challenge regardless of user’s skills. Current recreation activities are primarily hunting 
and viewing scenery and wildlife. There are no developed recreation sites or designated trails within the 
area. The present and expected future use of this area is low.  

According to the Record of Decision for the 1986 Gila Forest Plan, the Hell Hole WSA was originally part of 
a larger Roadless Area Review and Evaluation (RARE) II area that extended into Arizona. The Arizona 
portion contained an ecosystem that was under-represented in the Wilderness System. As a result, the 
entire area was designated a Further Planning Area in the RARE II process. When the New Mexico 
Wilderness Act was passed, the area was designated a Wilderness Study Area. Since that time, the Arizona 

                                                      
57 Acres as listed in the New Mexico Wilderness Act 
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Wilderness Bill in 1984 released the Arizona portion for other multiple uses. Since this was the portion 
that contained the under-represented ecosystem, and because existing wilderness on the Gila NF already 
contained vegetation similar to the New Mexico portion of Hell Hole WSA, the 1986 plan decision 
determined that wilderness designation of the area would not contribute significant ecological diversity 
to the Wilderness System.  The 1986 Gila Forest Plan manages this WSA to maintain semi-primitive 
recreation opportunities, and no fuelwood, timber, or forest products harvest is permitted. 

 
Figure 186. Forest Service and BLM Wilderness Study Areas 

There are very few internal roads in the Hell Hole WSA –most roads associated with this area are on the 
perimeter.  With the implementation of the Travel Management decision (USDA FS Gila NF 2014b), the 
total number of roads and mileage of roads will be reduced, along with impacts from dispersed recreation 
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associated with motorized use.  The TMR decision also prohibits cross-country travel.  Implementation of 
the Travel Management decision should enhance the area’s wilderness characteristics particularly the 
opportunities for solitude.  Travel management implementation in this area will be challenging due to the 
prevalence of illegal firewood gathering and an extensive network of user-created routes occurring on the 
east side of the WSA. Traces of the undesignated routes will likely remain visible for a long time, especially 
those occurring on steep slopes subject to erosion and poor plant establishment.  

The ecological condition of the WSA is similar to the Blue Range Wilderness.  There have not been any 
large scale disturbances within the WSA.  Under the current ecological classification system used in this 
assessment, all of the Fremont Cottonwood/Oak riparian Ecological Response Unit acres on the Gila NF 
are located within this WSA (see Chapter 7: Riparian).  Non-native species may be present, but no surveys 
have specifically been conducted in the area.  More information on the ecological condition of local unit 
(Mogollon Front) can be found in Section I: Ecological Integrity and Sustainability. 

Lower San Francisco Wilderness Study Area 

The 8,800-acre Lower San Francisco WSA is located north of the Hell Hole WSA, west of Highway 180 and 
the town of Glenwood, NM and extends to the Arizona/New Mexico state boundary. Popular recreation 
activities include accessing the San Francisco River at Big Dry Creek to picnic, fish, and hunt. There are no 
NFS system trails located within the WSA.  In spring when the river is high enough, rafting and kayaking 
occur. Rafters typically put in above the San Francisco Hot Springs south of Glenwood and take out at 
Martinez Ranch on the Apache Sitgreaves NF in Arizona. 

Prior to the Travel Management decision, there were 8.2 miles of NFS roads located within the Lower San 
Francisco WSA. During Travel Management planning, motorized use in the San Francisco River corridor 
was very controversial.  Opinions expressed by the public ranged from a total closure of the entire River 
corridor to reduce impacts to riparian and aquatic habitat, to keeping the entire corridor open to 
motorized vehicle use to maintain access for fishing, camping, bird watching, and traditional family 
outings.  This is only one of very few public access points to this section of the San Francisco River.  This 
wide range of opinion and the concerns raised were considered in developing the Travel Management 
proposed action, alternative development, environmental impact study, and final decision. 

The Travel Management decision (USDA FS Gila NF 2014b) maintained public access via Big Dry Creek, to 
continue the parking and camping opportunities currently available near the San Francisco River, but 
closed motorized routes along the river to reduce the impacts to riparian and aquatic resources.  
Implementation of the Travel Management decision are expected to enhance the WSA’s wilderness 
characteristics.  Reduced motorized access within the WSA has the likelihood to reduce intrusions and the 
influence of modern human activities, which would improve the undeveloped qualities of the area. Fewer 
intrusions would reduce resource damage and improve visual quality objectives, improving natural 
qualities.  In the Lower San Francisco WSA, periodic flooding events are expected to physically remove the 
routes located in the river bottom within 10 years.   

The San Francisco River within the Lower San Francisco River WSA is designated as critical habitat for both 
the loach minnow and spikedace species of fishes. Currently, the native fishery within this reach of river 
has been severely degraded due to the dominance of nonnative fish (J. Monzingo pers. obs.). Known 
infestations of saltcedar (Tamarix spp.) are scattered through-out the San Francisco River corridor from 
the confluence of Whitewater Creek downstream to the border of Arizona/New Mexico (K. Brown pers. 
obs).  

The Tucson Electric Power (TEP) powerline right- of-way (ROW) is located in the Lower San Francisco WSA. 
The ROW is periodically maintained per the terms and conditions of the special use permit, including 
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helicopter access, use of roads, and vegetation management within the corridor, all of which may be 
audible or visible to the recreating public. 

Inventoried Roadless Areas 
Inventoried Roadless Areas (IRAs) were established under the 2001 Roadless Area Conservation Rule (36 
CFR Part 294). The “inventoried” part of the name comes from two Roadless Area Review and Evaluation 
(RARE) national forests conducted in the 1970s (RARE) and 1980s (RARE II). Approximately 22 percent of 
the Forest’s land mass (733,836 acres) is located within 29 individual Inventoried Roadless Areas (Figure 
187). The following are characteristics considered under RARE II for IRA designation:  

 Natural - being substantially free from the effect of modern civilization. 

 Undeveloped - having little or no permanent improvements or human habitation. 

 Outstanding opportunities for solitude or primitive and unconfined recreation. 

 Special features and values, or the potential to contribute to unique fish, wildlife and plant species 
and communities; outstanding landscape features; and significant cultural resource sites. 

 Manageability, meaning the area is at least 5,000 acres in size. 

The Roadless Area Conservation Final Rule prohibits road construction, reconstruction, and timber 
harvest, except under certain circumstances, in Inventoried Roadless Areas because they have the greatest 
likelihood of altering and fragmenting landscapes, resulting in immediate long term loss of Roadless area 
values. Some roads and motorized trails may be present within IRAs. The Roadless Rule does not prohibit 
travel on existing roads or motorized trails. 

Inventoried Roadless Areas provide opportunities for dispersed outdoor recreation, opportunities that 
diminish as open space and natural settings are developed elsewhere, however, most of the IRAs on the 
Forest attract little attention by the public.  Management direction for existing IRAs is provided by direction 
of the 2001 Roadless Rule and the Gila NF’s 1986 Forest Plan for Management Areas with semi-primitive 
and primitive recreation opportunities.  Since the implementation of the Forest Plan in 1986, existing roads 
and trails on the boundaries of and within IRAs have continued to be maintained. Trails within IRAs are 
also regularly maintained to prevent resource damage and preserve recreation opportunities. Grazing, 
outfitter/guide, communication site and utility right-of-way special uses permittees all use existing roads 
within IRAs for access.  
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Figure 187.  Inventoried Roadless Areas, Gila National Forest 
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Table 216 below lists acres of each IRA and associated local unit(s) located on the Forest. 

Table 216. Inventoried Roadless areas, Gila National Forest 

Inventoried Roadless Areas 
Official Acres 

(Albers)(1) Local Scale unit 

1978 Administratively Endorsed 
Wilderness Proposal 

4,286 Black Range, Little Colorado-San Agustin Fringe, 
Lower Gila River, Mogollon Front, Upper Gila River 

Apache Mountain 17,506 Apache 

Aspen Mountain 23,783 Mogollon Front 

Brushy Mountain 7,199 Black Range 

Brushy Springs 5,735 Little Colorado-San Agustin Fringe 

Canyon Creek 9,824 Little Colorado-San Agustin Fringe, Upper Gila River 

Contiguous to Black & Aldo 
Leopold Wilderness 

111,811 Black Range, Little Colorado-San Agustin Fringe 

Contiguous to Blue Range 
Wilderness 

1,980 Mogollon Front 

Contiguous to Gila Wilderness 
and Primitive Area 

79,048 Little Colorado-San Agustin Fringe, Lower Gila River, 
Mogollon Front, Upper Gila River 

Devils Creek 89,915 Apache, Mogollon Front,  

Dry Creek 26,719 Black Range, Little Colorado-San Agustin Fringe 

Eagle Peak 34,016 Apache 

Elk Mountain 6,550 Little Colorado-San Agustin Fringe, Upper Gila River 

Frisco Box 38,977 Apache 

Gila Box 23,759 Lower Gila River 

Hell Hole(2) 19,553 Mogollon Front 

Largo 12,730 Little Colorado-San Agustin Fringe 

Lower San Francisco(2) 26,459 Mogollon Front 

Meadow Creek 34,167 Black Range, Lower Gila River 

Mother Hubbard 5,895 Apache, Mogollon Front 

Nolan 13,050 Apache, Mogollon Front 

Poverty Creek 8,770 Black Range 

Sawyers Peak 59,743 Black Range 

Stone Canyon 6,801 Black Range 

T Bar 6,823 Upper Gila River 

Taylor Creek 16,639 Little Colorado-San Agustin Fringe 

The Hub 7,498 Little Colorado-San Agustin Fringe 

Wagon Tongue 11,411 Apache, Little Colorado-San Agustin Fringe 

Wahoo Mountain 23,121 Black Range 

TOTAL 733,836  

(1) The official acres are calculated using Albers from 2001 Roadless Area Conservation rule, 36 CFR Part 294. 

(2) The Hell Hole and Lower San Francisco IRAs encompass the Hell Hole and Lower San Francisco Wilderness Study Areas (WSAs). 

The condition of the IRAs across the Forest are variable, and influenced by the local unit within which they 
are located (Table 216). Invasive species are threats to Roadless characteristics, due to negative effects to 
soil resources, diversity of plant and animal communities and the overall naturalness associated with the 
area’s landscape character  (USDA FS Gila NF 2013d).  Invasive species treatment, vegetation projects (of 
the specific type allowable under the Roadless Rule), ongoing trail maintenance and reconstruction, and 
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fire management activities all have the potential to improve the areas’ Roadless characteristics. Additional 
information on the ecological condition of local units can be found in Section I: Ecological Integrity and 
Sustainability.   

Threats to the IRA characteristics mandated for protection by the Inventoried Roadless Rule include the 
occurrence of new and existing unauthorized user-developed motorized routes. However, current trends 
are for increased management actions under implementation of the Travel Management decision to 
rehabilitate and reduce existing unauthorized routes, and prevention of the occurrence of new ones. 

As part of the current forest plan revision process, areas potentially suitable for wilderness across the 
planning area will be inventoried and evaluated using criteria consistent with the 2012 Planning Rule. All 
IRAs located within the Gila National Forest will be included as part of the potential wilderness inventory 
process, however, existing IRA boundaries are not being reconsidered via the plan revision process. 

Eligible Wild and Scenic Rivers 
None of the eligible streams or rivers on the Gila National Forest are currently designated as Wild & Scenic 
Rivers. The National Wild and Scenic Rivers System was created by Congress in 1968 (Public Law 90-542; 
16 U.S.C. 1271 et seq.) to preserve certain rivers with outstanding natural, cultural, and recreational values 
in a free-flowing condition for the enjoyment of present and future generations. For a River to be eligible 
for Wild & Scenic River (W&S) designation it must be free flowing and (with its adjacent land area) must 
possess one or more Outstandingly Remarkable Values (ORVs). ORVs are specific to each river segment 
and may include scenic, recreational, geologic, fish and wildlife, historic, cultural, or other similar values.  

The Gila National Forest Plan 1986 as amended in 2002 incorporated direction to identify and protect 
eligible Wild & Scenic Rivers for their ORVs, and preserve their character pending determination of 
suitability for inclusion in the National Wild & Scenic River System. The following Rivers were included in 
the eligibility findings: Whitewater Creek, Spruce Creek, Middle Fork Gila River, West Fork Gila River, 
Diamond Creek, South Diamond Creek, Holden Prong, and Las Animas Creek (Table 217; Figure 188). 

Table 217.  Eligible Wild and Scenic Rivers on the Gila NF 

River 
Outstanding 

Remarkable Values 
Total 
Miles Classification1 (# of miles) 

Diamond Creek Fish, Historic 31 Wild (26 miles), Recreational (6 miles) 

Holden Prong Fish 8 Wild (8 miles) 

Las Animas Creek Fish, Historic 9 Wild (3 miles), Scenic (6 miles) 

Middle Fork Gila River Scenic 27 Wild (27 miles) 

South Diamond Creek Fish 9 Wild (9 miles) 

Spruce Creek Fish 5 Wild (5 miles) 

West Fork Gila River Scenic, Historic 26 Wild (26 miles), Recreational (1 mile) 

Whitewater Creek Recreation, Historic 14 Wild (11 miles), Recreational (3 miles) 
1Wild: Those rivers or sections of rivers that are free of impoundments and generally inaccessible except by trail, with watershed 

or shorelines essentially primitive and waters unpolluted.  These represent vestiges of primitive America. 

Scenic: Those rivers or sections of rivers that are free of impoundments, with shorelines or watershed still largely primitive and 

shorelines largely undeveloped, but accessible in places by roads. 

Recreational: Those rivers or sections of rivers that are readily accessible by road or railroad, that may have some development 

along their shorelines, and that may have undergone some impoundment or diversion in the past. 

Most of these eligible rivers occur in the Gila or Aldo Leopold Wilderness areas. The recent travel 
management decision provides management direction to implement management actions intended to 
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address unauthorized routes within Wild & Scenic River corridors outside of Wilderness. Past management 
activities implemented near eligible Wild & Scenic Rivers include upland vegetation thinning, herbicide 
application of saltcedar (Tamarix spp.), and fire management activities.  Discussion on the condition, 
trends, and stressors to water resources on the Gila National Forest can be found in Chapter 6: Water. 

Threats to Eligible Wild and Scenic Rivers generally include any change in condition, or lack of appropriate 
management response to a change in condition, that puts the ORVs of that river segment at risk. Factors 
that could affect a change in ORV conditions on the Gila NF include unauthorized, user-developed 
motorized routes within the river corridor, non-native invasive species, drought, wildfires that burn 
outside of the range of historic variability, and post-wildfire flooding and erosion. 
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Figure 188.  Eligible Wild and Scenic Rivers and Research Natural Areas, Gila National Forest 
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Research Natural Areas 
Forest Service research natural areas (RNAs) are designated for the purpose of permanently protecting 
and maintaining natural conditions for the conservation of biological diversity, conducting non-
manipulative research and monitoring, and fostering education. They are designated to “maintain a wide 
spectrum of high quality representative areas that represent the major forms of variability found in forest, 
shrub land, grassland, alpine, and natural situations that have scientific interest and importance that, in 
combination, form a national network of ecological areas for research, education, and maintenance of 
biological diversity” (FSM 4063.02).  Included in this RNA network are: 

 High quality examples of widespread ecosystems 

 Unique ecosystems or ecological features 

 Rare or sensitive species of plants and animals and their habitat (USDA FS RMRS 2016) 

RNAs are managed to maintain the natural features for which they were established and to maintain 
natural processes. Because of the emphasis on natural conditions, they are excellent areas for studying 
ecosystems or their component parts and for monitoring succession and other long-term ecological 
change. The Gila NF has one established research natural area (Figure 188).  Previously proposed RNAs are 
discussed in the Potential Need or Opportunity for Future Designations section towards the end of this 
chapter. 

The Gila River RNA was established in 1972 and consists of 402 acres near the Gila River Bird Area in the 
northern Burro Mountains on the Silver City District.  The area provides a well-developed example of the 
riparian ecosystem in New Mexico, and provides habitat for rich and unique birdlife.  231 species of birds, 
43% of the bird species verified in NM, have been detected in the adjacent Gila River Bird Area (Shook 
2015). Some of these species are at the northern edge of their natural range in southwestern New Mexico.  
Federal or State threatened or endangered species using the area include bald eagle, common blackhawk, 
peregrine falcon, Gila woodpecker, southwestern willow flycatcher, Bell’s vireo, and Abert’s towhee (Shook 
2015).  The Gila River in the Cliff-Gila Valley (including the Gila River RNA) is an important habitat area for 
native fish, including endangered loach minnow and spikedace.  The ecological condition of the RNA is 
affected by the local unit where it is located (Lower Gila River), and the ecological response units (ERUs) it 
consists of.  More information on the ecological condition, trends, and risk of the riparian ERUs can be 
found in Chapter 7: Riparian. Under direction of the 1986 Forest Plan, the RNA is managed to maintain the 
natural features for which it was established.  

The Burro Mountains are known to be rich in copper, and to the north and along the east side of the Gila 
River nearby the location of the RNA there are existing mineral claims.  Because of this possible conflict 
with mining, the Research Natural Area was located below the optimum habitat for the birds and riparian 
vegetation and withdrawn from mineral entry.  However, none of these mining claims in the immediate 
vicinity of the RNA have been developed into operational mines.  

Less than an hour drive from Silver City, the Gila River Bird Area is becoming more popular for recreational 
uses such as hiking, birdwatching, river access, and dispersed camping, although most those activities take 
place near the access road.  Recreational use in the RNA itself is light, although there is a developed trail 
that travels 3 miles from the end of the bird area access road to the RNA.  This trail passes partly within 
the RNA, and may be in conflict with Forest Plan direction for this designation by introducing a source of 
human-caused environmental disruptions.  Cross country motorized travel in this area has been restricted 
since 1986.  The riparian area is closed to grazing.  Non-native species may be present, but no surveys have 
been conducted in the RNA since the 1972 establishment report.  A restoration project in the Gila River 
Bird Area was completed in the early 1990s that restored over a 100 acres of dense riparian area (Boucher 
et al. 2003), which likely improved the connectivity of the riparian habitat at the RNA.   
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There are plans for future water development projects within the Cliff-Gila Valley that may negatively 
affect conditions within the RNA. The existence of the trail passing through part of the Area, is a threat to 
the purposes for which it was designated. Because there is a lack of recent survey data, the presence of 
invasive species are unknown, but may be an additional threat to the area. 

Scenic Byways 
The National Scenic Byways Program is administered by the U.S. Department of Transportation, Federal 
Highway Administration.  It was established to help recognize, preserve, and enhance selected roads 
throughout the nation.  The U.S. Secretary of Transportation recognizes and designates these designated 
roads based on one or more intrinsic qualities — archaeological, cultural, historic, natural, recreational, or 
scenic (DOT FHA 1995). 

Two scenic byways travel through the Forest; the Trail of the Mountain Spirits traces a loop in the southern 
half of the Forest, while the Geronimo Trail creates a longer tour encompassing portions of the eastern 
edge of the Forest along with large tracts of land outside the Forest boundary (Figure 189).  The primary 
uses along the Scenic Byway routes are driving for pleasure, cycling, sightseeing, birdwatching, and 
developed recreation sites.  Most of the roads comprising the national scenic byways on the Gila NF are 
managed by the New Mexico Department of Transportation. 

The Trail of the Mountain Spirits National Scenic Byway is a 93-mile route connecting Silver City, the Gila 
Cliff Dwellings National Monument, Sapillo and Mimbres valleys, the mining district, and many points of 
interest in between. This route is also used during the Tour of the Gila, an annual multistage international 
cycling competition. The routes this Scenic Byway follows through the National Forest are State Highways 
15 and 35.  This byway receives moderate use year-round, from both visitors as well as travel by residents 
and local commuters.   

A National Scenic Byway corridor management plan provides guidance and direction for the conservation 
and enhancement of the byway's intrinsic qualities, as well as promotion of tourism and economic 
development.  The Trail of Mountain Spirits Corridor Management Plan (Trail of the Mountain Spirits Scenic 
Byway Committee 2004) supports efforts to strengthen volunteer participation, explore alternative 
sources for project funding, increase membership, leverage business support, and identify project 
managers for the implementation and completion of byway projects.  Among the implementation items 
included in the plan are providing interpretive materials and media, protecting an archeological site 
adjacent to the byway, and promoting and marketing regional tourism.  These projects benefit byway 
traveler experiences by developing, enhancing, and interpreting existing sites along the byway corridor. 

The Geronimo Trail National Scenic Byway, designated in 2005, typically begins in Truth or Consequences, 
NM.  From there, one can explore the northern route (82 miles) or southern route (56 miles).  Each route 
ties together many charming locales and traverses many life zones from the creosote and cholla-swept 
sands of the Chihuahuan Desert, to the piñon-juniper woodlands and ponderosa forests of the Gila 
National Forest. The routes through the National Forest are State Highway 152 to San Lorenzo along the 
southern route, and State Highways 52 and 59 to the Beaverhead workstation along the northern route.  
The North Star Mesa Road (FR150) is listed as a “side trip”, connecting the two routes to form a loop, but 
a 4-wheel drive vehicle and knowledge of road conditions are needed.  The portions of the Forest along 
the byway receive low (northern route) to moderate (southern route) use year-round by visitors. 

Geronimo Trail National Scenic Byway has a Corridor Management Plan (Geronimo Trail Advisory 
Committee 2008) that strives to showcase and preserve the corridor area for its historic multi-cultural 
heritage and natural resources.  Some of the goals of the plan are to market the byway as a unique tourism 
opportunity, develop interpretive signs and other amenities along the byway, ensure services provided 
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along the route meet travelers’ needs, and preserve the byway’s resources so the route is a sustainable 
tourist and recreation attraction. The city, county, state, and federal agencies with management 
responsibilities along the byway work in concert with the Geronimo Trail Advisory Committee to achieve 
these goals.  There are concerns about the viewshed and land development along the scenic byway. 

Because the primary visitor experience and purpose of the byways are scenic in nature, primary threats 
to these types of designated areas are associated with scenic values. One of these threats is excess or 
incompatible development along Scenic Byways; however, most of this type of development occurs on 
private, rather than NFS Lands. Other threats to the scenic values of byways include those that apply to 
scenic values throughout the Forest. For detailed information on current conditions, trends and threats to 
scenic resources across the Gila National Forest, please refer to the Scenic Character section of Chapter 
12: Recreation.  
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Figure 189.  National scenic byways through the Gila NF 

National Scenic and Recreation Trails 
A nationwide trails study led to publication of a 1966 report entitled "Trails for America." The report called 
for federal legislation to foster the creation of a nationwide system of trails. The report heavily emphasized 
national scenic trails and the role they should play in meeting the nation's needs for trail-dependent 
outdoor recreation. The Appalachian Trail was to be the first designated National Scenic Trail. The report 
also proposed three other national scenic trails, including the Continental Divide Trail, a section of which 
crosses through the Gila NF. Congress passed the National Trails System Act in 1968. The Act authorized 
creation of a national trail system comprised of national scenic trails, national historic trails, and national 
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recreation trails. National Scenic and Historic Trails are statutorily designated through laws passed by 
Congress, and National Recreation Trails are an administrative designation instituted by the agency. The 
Gila NF administers one national scenic trail (Continental Divide National Scenic Trail) and three national 
recreation trails (Catwalk National Recreation Trail, Sawmill Wagon Road National Recreation Trail and 
Woodhaul Wagon Road National Recreation Trail) (Figure 190). 

 
Figure 190.  Map of the National Scenic Trail and National Recreation Trails on the Gila NF 
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should distinguish all national scenic trails (USDA FS 2015h). Each should stand out in its own right as a 
recreation resource of superlative quality and of physical challenge." According to the Act, national scenic 
trails "will be extended trails so located as to provide for maximum outdoor recreation potential and for 
the conservation and enjoyment of nationally significant scenic, historic, natural, and cultural qualities of 
the area through which such trails may pass" (American Trails Website). National scenic trails are located 
so as to represent desert, marsh, grassland, mountain, canyon, river, forest, and other areas, as well as 
landforms that exhibit significant characteristics of the physiographic regions of the nation. The corridor 
will be normally located to avoid established uses that are incompatible with the protection of a trail in its 
natural condition and its use for outdoor recreation. 

The Continental Divide National Scenic Trail (CDNST) traverses the Rocky Mountains from Canada to 
Mexico for approximately 3,100 miles (USDA FS 2015h). It travels through portions of 20 national forests, 
3 national parks, one national monument, 13 BLM field offices, as well as various State and private lands 
in Montana, Idaho, Wyoming, Colorado, and New Mexico. It was established by Congress in 1978 to 
provide high-quality scenic, primitive hiking, and horseback riding opportunities, and to conserve natural, 
historic, and cultural resources along the CDNST corridor. The CDNST navigates dramatically diverse 
ecosystems through mountain meadows, granite peaks, and high-desert surroundings. It is one of the most 
renowned trails in the United States for its scenic beauty, recreational opportunities, elevation gains, and 
primitive character. The Gila NF manages 254 miles of the CDNST according to direction provided in The 
Continental Divide National Scenic Trail Comprehensive Plan (USDA FS 2009). 

The CDNST is a significant draw to hikers and other trail users; attracting a significant number of visitors to 
the Gila NF.  The trail is managed and maintained on the ground by five different Ranger Districts across 
the Forest.  There are many sections of the CDNST that pass through areas with limited water sources 
available, creating a challenge for long-distance trail users.  In the area near where the trail enters the 
Forest at the northern boundary, a significant number of trail users opt to not follow the designated route, 
instead crossing private property, creating conflict with property owners.  Some sections of the trail are 
impacted by past wildfires, making the trail difficult to follow in certain areas. 

The alignment of the trail across the Forest is a meandering route, entering the Forest at the northwest 
corner, following east along the Black Range Crest, then travelling southwest towards Silver City (see Figure 
190).  The trail leaves the Forest for a number of miles west of Silver City, but re-enters the Burro 
Mountains segment of the Forest just west of Mangas Springs. From the point it re-enters the Forest, the 
trail takes a slightly meandering southerly route, crossing NM Hwy 90 and exiting the Forest for a final 
time in the area of Walker Mountain at the south end of the Forest.   

The bulk of the CDNST is located in remote regions within the Gila NF, and long sections have limited road 
access points, which reduces visitor use and limits resupply options for thru hikers.  Along with other 
factors, including poor trail conditions, a desire minimize mileage crossing the Forest, access to better 
water sources, types of travel being restricted within designated wilderness, motivates many CDNST users 
to follow alternative routes using other trails to cross the Gila NF. 

Trail conditions vary, but tend to be better maintained than other Forest System Trails (see Chapter 14: 
Infrastructure for discussion on trails).  The Continental Divide Trail Coalition partners with the Forest to 
organize volunteers to assist with trail maintenance.  The segment of the trail outside the Forest boundary 
between the Bear Mountain trailhead northwest of Silver City to Mangas Creek in the Burro Mountains 
does not have a route on the ground designated or constructed. 

Currently, the trail corridor makes use of some motorized routes as it passes through the Forest, however 
any motorized use within these shared rights of way is not an identified National Scenic Trail use as 

http://www.americantrails.org/resources/feds/FEDNatTrSysOverview.html
http://www.fs.fed.us/cdt/
http://www.fs.fed.us/cdt/
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stipulated by the Act.  Future plans include moving the trail onto strictly non-motorized routes when it 
becomes practicable. 

Some of the most common users to the CDNST are thru-hikers, mountain bikers, and horseback riders. The 
most popular times of year are in spring and fall when thru-hikers are travelling north and south 
respectively.  Other types of uses occur year round.   The purpose of the CDNST is to provide for high-
quality scenic, primitive hiking and horseback riding opportunities and to conserve natural, historic, and 
cultural resources along the CDNST corridor. The intent of the National Scenic Trail pursuant to the National 
Trails System Act of 1968 is for non-motorized use. Currently, the CDNST follows open motorized trail for 
2.4 miles and open motorized road for 30.9 miles on the Gila NF.  Public comments received in travel 
management and forest planning expressed concerns that concurrent motorized use is incompatible with 
National Scenic Trail objectives, and detrimental to recreation experiences sought by hikers and horseback 
riders on the CDNST. Specific areas identified included the Burro Mountains and Sapillo Campground, with 
motorized intrusion an issue on the Quemado District.   

As opportunities have occurred, trail routes have been realigned to move the CDNST from roads to better 
meet the intent of the trail. The implementation of the Travel Management decision is likely to reduce the 
occurrence of motorized trespass of the trail, improving the qualities associated with intended uses of the 
Continental Divide Scenic Trail.   For condition, trends, and risks to the trail system on the Gila NF, see 
Chapter 12: Recreation. 

National Recreation Trails 
National Scenic and Historic Trails may only be designated by an act of Congress, but National Recreation 
Trails may be designated by the agency to recognize exemplary trails of local and regional significance. 
These trails receive status as part of America's National System of Trails, and provide trail-based outdoor 
recreation activities in a variety of urban, rural, and remote areas.  The Gila NF manages the Catwalk 
National Recreation Trail and Whitewater Picnic Area, the Sawmill Wagon Road National Recreation Trail 
and Woodhaul Wagon Road National Recreation Trail. 

The Catwalk National Recreation Trail (NRT) is a very unique trail incorporating a hanging walkway 
suspended from cliff walls above Whitewater Creek. The trail attracts a significant numbers of visitors to 
the area, contributing to the local economy, and provides an important social connection as people have 
been visiting the Catwalk for generations connecting them to the Forest.   

Due to the trail’s location in a narrow canyon, it is inherently at-risk to flooding impacts, and the walkway 
and trail have been damaged and rebuilt several times after devastating floods, most recently following 
the 2012 Whitewater Baldy Fire. The Catwalk Recreation Area is a FLREA fee area that generates revenue 
for the Forest to help fund maintenance expenses.       

The Sawmill Wagon Road and Wood Haul Wagon Road National Recreation Trails were both designated l 
in 1979.  The 7-mile Sawmill Wagon Road Trail was an integral part of the original Fort Bayard Military 
Reservation in the late 1800s (see Chapter 17: Cultural and Historic Resources). Soldiers used the trail to 
transport fuelwood and construction timber from the high ponderosa pine forests of the Pinos Altos 
Mountain Range to the military reservation. 

The Wood Haul Wagon Road Trail is also part of the trail system close to Silver City, and travels from the 
Gila NF Fort Bayard Administrative Site to the popular destination “Wagon Wheel Ruts.” These Wood Haul 
Wagon Ruts are a result of the tireless passing of supply wagons hauling construction and fuel wood to 
the Fort Bayard Military Reservation. Mule and oxen drawn wagons were used to haul the heavy loads. 
Over time the hard wagon wheels cut into the volcanic cap rock leaving a testament to the endurance of 
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these early settlers. The 11.5-mile route to the Wagon Wheel Ruts follows primitive roads (double track) 
that pass over land that was once part of the Military Reservation. 

The Fort Bayard area trails are in moderate to good condition with a stable trend, although there are a few 
areas in need of maintenance.  The trails are heavily used by hikers, mountain bikers, and equestrians, in 
part due to their close proximity to Silver City. The Aldo Leopold Youth Conservation Corps has adopted 
the trail maintenance for this area.  For condition, trends, and risks to the trail system on the Gila NF, see 
Chapter 12: Recreation. 

Former Designated Areas 
Wild Horse and Burro Area 

The Deep Creek Wild Horse and Burro Territory was established under Forest Service regulations 
promulgated under the Wild and Free-Roaming Horses and Burros Act of 1971.  The horse herd in this area 
originally numbered approximately 15-25. By the 1980s the horse herd had dwindled to zero due to lack 
of reproduction and predation by mountain lions.  The 1986 Forest Plan formally discontinued the Deep 
Creek Wild Horse and Burro Territory. 

Designated Critical Habitat for Threatened and Endangered Species 
Critical habitat (USDI FWS 2015c) is defined under the Endangered Species Act as a specific geographic 
area that contains features essential for the conservation of a threatened or endangered species and that 
may require special management and protection. Critical habitat may include an area that is not currently 
occupied by the species, but will be needed for its recovery. Critical habitat does not preclude activities 
within its borders; however, conservation of the habitat for the identified species is an important 
consideration when planning or allowing activities in these areas.   

The US Fish and Wildlife Service has analyzed species needs and designated critical habitat within the Gila 
NF boundary for the Mexican spotted owl (Strix occidentalis lucida), southwestern willow flycatcher 
(Empidonax traillii extimus), Chiricahua leopard frog (Lithobates chiricahuensis), Gila chub (Gila 
intermedia), spike dace (Meda fulgida), and loach minnow (Tiaroga cobitis).  There is also proposed critical 
habitat for the narrow-headed garter snake (Thamnophis rufipunctatus), Northern Mexican gartersnake 
(Thamnophis eques megalops), and yellow-billed cuckoo (Coccyzus americanus).  Table 218 displays the 
area of critical habitat on the Gila NF by species.  See Chapter 8: At-Risk Species for more details. 

Table 218.  Critical habitat area on Gila National Forest, by species 
Species Acres 

Chiricahua Leopard Frog 2,488  

Gila Chub 764  

Loach Minnow 11,673  

Mexican Spotted Owl 1,122,802  

Narrow-headed Gartersnake (proposed) 52,430  

Northern Mexican Gartersnake (proposed) 8,717  

Southwestern Willow Flycatcher 1,547  

Spikedace 9,968  

Yellow-billed Cuckoo (proposed) 1,680  
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Adjacent Designated Areas, National Monuments, and National Parks 
In addition to the specially designated areas found within the Gila NF, there are specially designated areas 
managed by other government agencies near and adjacent to the Forest. These areas add recreation 
values, scenic values, wildlife opportunities, and other resources values complementing those of the Gila 
National Forest. 

Forest Service –Apache-Sitgreaves National Forests 
In 1933, the Secretary of Agriculture proclaimed that the Blue Range Primitive Area, at that time located 
on the Apache National Forest in Arizona and New Mexico, should be managed for primitive uses to 
maintain the wildness of that area, and administratively designated it as a Forest Service Primitive Area. 
In 1971, the President of the United States forwarded a recommendation by the Forest Service for a Blue 
Range Wilderness in New Mexico and Arizona to Congress, who acted in 1980 on a portion of it, 
designating the Blue Range Wilderness in New Mexico, located on the portion of the Apache National 
Forest now administered by the Gila NF.  The remaining Blue Range Primitive Area on the Apache-
Sitgreaves NFs (A-S NF) is the last designated primitive area in the National Forest System, all others having 
been designated as wilderness by Congress through the Wilderness Act of 1964 and other subsequent 
wilderness legislation.  

The remaining Blue Range Primitive Area, along with presidential recommendation additions from the 
1971 recommendation to Congress, together total 199,505 acres, and by law, agency policy, and the 2015 
Apache-Sitgreaves Revised Forest Plan continue to be managed with the same mandate as congressionally 
designated wilderness to protect wilderness character .  The Gila NF borders the Blue Range Primitive Area 
along the Arizona/New Mexico state boundary for approximately 8 miles of adjoining designated Blue 
Range Wilderness and 7 miles of non-wilderness Forest lands on the New Mexico side. 

During their forest plan revision effort, the Apache Sitgreaves NFs deferred the decision whether to 
recommend the Hells Hole, Nolan, and Mother Hubbard potential wilderness areas (a total of 26,023 
acres) for wilderness designation until the Gila National Forest completes its potential wilderness 
evaluation and forest plan revision (USDA FS A-S NFs 2014a).  These potential wilderness areas are 
composed of inventoried Roadless areas that straddle the Arizona/New Mexico state boundary, partially 
located on both the Gila and Apache-Sitgreaves National Forests.  The Hells Hole, Nolan, and Mother 
Hubbard potential wilderness areas continue to be managed to protect wilderness characteristics until a 
decision is made during the Gila NF Forest Plan revision process as to whether or not to recommend these 
areas for wilderness designation (USDA FS A-S NFs 2014a).   

The Lower San Francisco IRA located in Arizona on the Apache-Sitgreaves NFs lies to the west of the Lower 
San Francisco WSA and IRA located in New Mexico.  As part of their forest plan revision, the Apache 
Sitgreaves NFs evaluated (West Blue/San Francisco Potential Wilderness58 PW-03-01-052; USDA FS A-S NFs 
2012b), but did not recommend as wilderness the Lower San Francisco IRA located in Arizona (USDA FS A-
S NFs 2015). Instead, these areas will now be managed as Natural Landscape management areas under 
the A-S NF Revised Plan. These are generally undeveloped areas that are natural appearing and provide 
primitive and semi primitive recreation opportunities. Management activities are allowed but are 
primarily focused on ecosystem restoration. This management area includes most of the inventoried 
Roadless areas (IRAs) that were identified in the 2001 Roadless Area Conservation Rule. IRAs are managed 
to protect and conserve their Roadless character. 

The Apache Sitgreaves NFs also has identified three Eligible Wild and Scenic Rivers with the potential to 
be influenced by Gila NF management decisions because portions of each are located across shared forest 

                                                      
58 The West Blue/San Francisco Potential Wilderness included 3,577 acres on the Gila NF 
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boundaries.  The San Francisco River’s headwaters are located on the A-S NFs west of Alpine, AZ but it 
flows through Gila NF administered and private lands in New Mexico before reentering Arizona and the A-
S NFs.   

The upper San Francisco River from its headwaters and across the Gila NF administered lands is not 
currently designated as an Eligible or Suitable Wild and Scenic River.; However, the lower portion of the 
river located on the Apache- Sitgreaves NFs is currently administratively designated as an Eligible Wild and 
Scenic River.  The Gila NF also contains small portions of Coal Creek and Campbell Blue Creek, both of 
which are also administratively designated Eligible Wild and Scenic Rivers by the Apache-Sitgreaves NFs 
(USDA FS A-S NFs 2014b). 

National Park Service 
Gila Cliff Dwellings National Monument is a 533-acre National Park Service administered designated area 
surrounded by National Forest System lands (including the congressionally designated Gila Wilderness) 
managed by the Gila National Forest. Gila Cliff Dwellings National Monument offers visitors the 
opportunity to visit interpreted archeological sites originating from the Mogollon culture (see Chapter 17: 
Cultural and Historic Resources). From 2008 through 2011, an average of 37,000 people visited the 
Monument per year (Mitchell et al. 2014).  Many of these same visitors also likely recreated on the Gila 
NF as well, including visiting one of many scenic overlooks, developed campgrounds, trails, and 
interpretive signs along the way. The Gila Visitor Center located near the monument is operated jointly by 
the National Park Service and the US Forest Service (see Chapter 14: Infrastructure).  The revised 
management plan for the Gila Cliff Dwellings National Monument will be finalized soon (Hugh Hawthorne, 
Park Superintendent, pers. comm.). 

Bureau of Land Management 
The 7,161-acre Apache Box Wilderness Study Area (WSA), located on lands administered by the Bureau of 
Land Management (BLM) is contiguous for one mile of the southern boundary of the Hell Hole WSA, 
located on NFS lands administered by the Gila NF.  

Another BLM administered unit, the Hoverrocker WSA, is located west of the Hell Hole and Apache Box 
WSAs (Figure 186).  The Hoverrocker WSA is a 22-acre area that remained after the adjacent Arizona 
portion was released from wilderness review in 1990, but continues to be managed as a WSA in New 
Mexico pending congressional action.   

The BLM Continental Divide WSA consists of 68,671 acres, encompassing parts of Pelona Mountain and a 
portion of the Continental Divide National Scenic Trail.  This WSA is adjoins non-wilderness lands 
administered by the Gila National Forest for two miles.   

All three of these BLM WSAs await congressional action, by either designating the area as wilderness or 
releasing it to be managed by the agency for other purposes.  The WSAs are managed to protect wilderness 
qualities, so as not to impair the suitability of such areas for wilderness designation by Congress, according 
to the appropriate Resource Management Plan and BLM Manual 6330 Management of BLM Wilderness 
Study Areas. 

The 840-acre Gila Middle Box Area of Critical Environmental Concern (ACEC) is immediately adjacent to 
the Gila NF.  ACECs are areas “where special management attention is required...to protect and prevent 
irreparable damage to important historic, cultural, or scenic values, fish and wildlife resources or other 
natural systems or processes” 43 U.S.C. § 1702(a). 
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State of New Mexico 
The State of New Mexico has several areas in the vicinity of the Gila National Forest area that are 
designated for public outdoor recreation use and for wildlife habitat. The state also has historical markers 
distributed throughout all of the assessment area counties. The recreational sites, state parks, and wildlife 
areas located near or in the forest plan assessment area are listed below: 

 
Recreational Sites and State Parks 

 Caballo Lake State Park 

 City of Rocks State Park 

 Elephant Butte State Park 

Wildlife Areas 
 Glenwood State Fish Hatchery 

 Heart Bar Wildlife Area 

 Mimbres River Tract 

 Quemado Lake59 

 Snow Lake59 

 Lake Roberts59 

 Bill Evans Lake 

 Bear Canyon Reservoir 

The Gila NF works in partnership with all of these state and federal agencies to maintain communication 
and seek shared management objectives. 

Potential Need or Opportunity for Future Designations 
The Gila NF is not aware at the time of this report of any published documents or county, state, or tribal 
plans that identify the need or potential for additional designated areas within the plan area, with the 
exception of previously mentioned proposed critical habitat for narrow-headed garter snake, Northern 
Mexican gartersnake, and yellow-billed cuckoo.  The 2012 Planning Rule and the directives associated with 
Forest Plan Revision require an inventory and evaluation for lands that may be suitable for inclusion in the 
National Wilderness Preservation system, and inventory of eligibility of rivers for potential inclusion in the 
Wild and Scenic Rivers System.  These inventory and evaluation processes will occur in the next Plan 
Revision phase with significant public engagement.   

Other potential special designations, such as special interest areas (e.g. botanical, geological areas) and 
RNAs will also be further considered and evaluated as part of the Forest Plan Revision process.  There may 
be opportunities to establish additional Research Natural Areas (RNAs), including previously proposed 
RNAs, as well as new areas. The Gila NF currently has four proposed Research Natural Areas:  Agua Fria 
(350 acres featuring mountain grassland), Largo Mesa (300 acres of piñon-juniper woodland), Rabbit Trap 
(297 acres featuring scrub grassland), and Turkey Creek (1,335 acres of riparian hardwood) (Figure 188).  
These proposed research natural areas are currently managed to maintain their present natural condition. 
Areas previously recommended can be re-recommended (and would need joint Regional 

                                                      
59 While the dams for these lakes are owned and maintained by the New Mexico Game and Fish Department, they are at least 
partially located on lands administered by the National Forest.  See Infrastructure Chapter for more details. 
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Forester/Research Station Director approval to designate), or can be made available for other kinds of 
management. 

The 1986 Forest Plan provided direction to inventory the following areas to determine if they should be 
considered for RNA designation:  

 Eagle Peak (aspen; mixed conifer; common juniper forest)  

 Lower San Francisco (riparian ecosystem)  

 Mineral Creek  

 Mule Creek (riparian ecosystem)  

 Pinos Altos Mountain (Arizona pine)  

 Rocky Canyon (Arizona pine)  

 Tillie Hall Canyon (mixed one, two, and three needle piñon pine and associated desert scrub)   

It should be noted that selection of these ecosystem types were based on an earlier ecosystem 
stratification and were recently updated to the Ecological Response Units (ERUs) currently referenced in 
the ecological assessment of this report (see Chapter 2: Upland Vegetation).   

A region-wide assessment of RNA ecological representation has been conducted to help identify 
ecosystems and vegetation types that are underrepresented among the region’s currently established 
RNAs.  This may lead to previously proposed or new potential RNAs being identified on the Forest that 
may meet regional needs for ecological representativeness.  

Table 219 shows the proportion of Ecological Response Units (ERU) located within designated areas on the 
Gila NF. All of the Ecological Response Units identified on the Gila National Forest currently occur within 
designated areas except for Little Walnut-Ponderosa Pine. 

Table 219.  Proportion of Ecological Response Units (ERU) located within designated areas 
(Wilderness, Wilderness Study Area, Inventoried Roadless Areas, and RNAs) on the Gila NF. 

ERU 

ERU Acres 
within 

Designated 
Areas 

Total ERU 
Acres on 
Gila NF 

% ERU within 
Designated 

Areas on Gila NF 

Arizona Alder - Willow 2,620  3,222  81% 

Arizona Walnut 459  1,325  35% 

Colorado Plateau/Great Basin Grassland 13,678  89,033  15% 

Desert Willow 741  8,929  8% 

Fremont Cottonwood - Oak 85  85  100% 

Fremont Cottonwood / Shrub 818  2,059  40% 

Gambel Oak Shrubland 44,898  51,106  88% 

Herbaceous Wetland 270  2,485  11% 

Juniper Grass 29,991  114,396  26% 
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ERU 

ERU Acres 
within 

Designated 
Areas 

Total ERU 
Acres on 
Gila NF 

% ERU within 
Designated 

Areas on Gila NF 

Little Walnut - Ponderosa Pine 0    330  0% 

Madrean Pinyon-Oak Woodland 12,662  17,361  73% 

Mixed Conifer - Frequent Fire 251,508  367,209  68% 

Mixed Conifer w/ Aspen 40,631  51,908  78% 

Montane / Subalpine Grassland 15,994  113,806  14% 

Mountain Mahogany Mixed Shrubland 118,887  166,488  71% 

Narrowleaf Cottonwood / Shrub 11,292  22,681  50% 

PJ Evergreen Shrub 3,697  10,679  35% 

PJ Grass 123,062  291,647  42% 

PJ Woodland 429,487  848,447  51% 

Ponderosa Pine - Evergreen Oak 189,691  378,157  50% 

Ponderosa Pine / Willow 63  862  7% 

Ponderosa Pine Forest 198,533  630,294  31% 

Semi-Desert Grassland 6,924  55,993  12% 

Sparsely Vegetated 5,011  10,869  46% 

Spruce-Fir Forest 20,926  23,779  88% 

Sycamore - Fremont Cottonwood 2,574  6,427  40% 

Upper Montane Conifer / Willow 478  670  71% 

Willow - Thinleaf Alder 721  1,054  68% 

 

In addition, should existing mining claims located near the Gila River RNA be determined as invalid, the 
establishment report recommended that it should be extended up the Gila River approximately ½ mile 
(USDA FS Gila NF 1969) 

Contribution to Social, Economic, and Ecological sustainability 
Designated special areas contribute to social sustainability by connecting people to their natural and 
cultural heritage, and providing economic benefits to surrounding communities. They promote the 
preservation of cultural traditions including historical features that contribute to social wellbeing through 
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education, and provide recreational opportunities. Contributions to economic sustainability may occur by 
increased visitation to designated areas, which may increase employment opportunities, support to small 
businesses, and sharing Federal receipts with county and state governments. In addition, designated areas 
often contain particularly unique/valued resources of one kind or another that may result in specific public 
interest/value. 

Designated areas contribute to ecological sustainability as well, by preserving intact natural systems and 
their individual components for future generations. Designated areas provide clean drinking water and 
function as biological strongholds for populations of threatened and endangered species. They provide 
large, relatively undisturbed landscapes that are important to biological diversity and the long-term 
persistence of at-risk species. Designated areas provide forest visitors with opportunities for dispersed 
outdoor recreation, opportunities that diminish as open space and natural settings are developed 
elsewhere. They also serve as bulwarks against the spread of non-native invasive plant species, and 
provide reference areas for study and research (USDA FS Gila NF 2013d). 

There has been an economic transition from using the Forest as a commodity for the economy to also 
developing the Forest for economic benefits from recreation use (USDA FS 2006).  There are many local 
businesses in the Gila NF surrounding area that receive a majority of their yearly business during hunting 
season, when some areas of the Forest are experiencing the highest volume of visitation.  Many of the 
local businesses benefit economically due to the Forest visitors recreating in these designated areas when 
they are travelling through the local communities to their destinations.  However, designated areas can 
also impose opportunity costs on local economies due to land use restrictions and foregone commodities 
(Steed et al. 2011; Ashcroft et al. 2012) and may increase permit compliance obligations and raise 
maintenance costs due to more restricted access methods. 

National Scenic and Recreation Trails draw a variety of trail users to the area. The label of “gateway 
community” for towns such as Silver City, which was the first to be designated a Continental Divide Trail 
gateway community, creates opportunities for attracting visitors who want to access the trail for day trips 
or short treks or, in the case of thru hikers and riders, stop for resupply and rest before continuing on their 
journey. This benefits the economy of the town, and may even encourage people to relocate to the area. 
The communities then become stewards of the trail and partner with the Forest Service to maintain the 
sustainability of the recreation resource.   

Stakeholder Input 
From the input received from stakeholders, it is clear that designated areas is a polarized issue, especially 
concerning wilderness.  Some comments praised the Gila National Forest’s unique wilderness heritage of 
being the first formal wilderness area in the nation.  With increasing urbanization and development in the 
region, some stakeholders call for more designations to preserve important qualities of the Forest, such 
as watershed function, unfragmented wildlife habitat, clean air, hunting opportunities, scenery, recreation, 
and future scientific research.  Some commenters noted that they perceived improvements to ecosystems, 
soils, and water conditions in the wilderness areas, and also connected the wilderness area designation to 
enabling the restoration of the natural role of fire to ecosystems on a landscape scale.  One stakeholder 
suggested developing “quiet areas” in addition to wilderness. 

Other stakeholders feel that designated areas, with their higher levels of management restrictions, have 
led to a narrowing of uses, access, and benefits, resulting in negative economic impacts.  The restrictions 
within wilderness are viewed by some as restricting active management of resources and reducing public 
access to a limited few with the skills and resources for using horses, or the physical ability to travel by 
foot within the wilderness.  
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There are beliefs expressed by some that the Forest currently has sufficient (or too much) wilderness area, 
and does not require more.  There is also perception by some commenters that the wilderness areas on 
the Forest have poor watershed quality, and poor forest health, resulting in larger fires.  There is nearly 
universal agreement however, that trail conditions in the wilderness areas are poor and require increased 
maintenance, that signage needs to be improved, and wilderness maps require updating.   

Wild and scenic rivers face a similar polarization. Some stakeholders believe that earlier Forest Service 
decisions not to recommend the Gila and San Francisco Rivers as eligible wild and scenic rivers were missed 
opportunities. They feel that climate change and current water development planning under the Arizona 
Water Settlement Act represents changed circumstances, warranting reevaluation of these waterways’ 
Wild and Scenic designation eligibility.  Others point to the historic and current water diversions for 
irrigation along the rivers and feel the Gila River can remain free flowing in designated wilderness, but that 
downstream water users should continue to have authority to manage water resources outside of these 
areas. The concerns expressed by these stakeholders is that changes in the Forest Plan, including 
additional designated area recommendations, could negatively affect downstream water rights holders or 
impinge on the State’s ability to exercise its legal rights to administer water use. 

There were suggestions that along with the status afforded the CDNST that similar motorized and 
mountain bike routes, including the Great Continental Divide Adventure Route, and the New Mexico 
Backcountry Discovery Route, should be given the same consideration within the forest plan. These trails 
and not formally designated or officially recognized for purposes of the assessment, however there may 
be excellent opportunities for partnering with groups advocating these trails for providing future 
recreation opportunities as individual projects during the implementation phase of the revised plan. 

Other suggestions from the public for special designation consideration included a population of 
Chihuahuan pine near Bear Mountain; the Gila Middle Box; the Mogollon Box or Upper Gila Box; and 
Mineral Creek. 

Summary  
Designated areas on the Gila NF represent identified exceptional areas that have distinct or unique 
characteristics warranting special designation, either administratively by the Forest, region, or agency, or 
statutorily through legislation passed by Congress.  Designated areas have specific management objectives 
to maintain their unique characteristics and are important ecologically and socially for the exceptional 
values they offer and protect.   

The three congressionally designated wilderness areas of the Gila National Forest (Gila, Aldo Leopold, and 
Blue Range) are managed to protect their wilderness character. Because wilderness character measures 
are applied to a wilderness as a whole, localized threats to wilderness character affect the entire areas. 
Threats to wilderness character include potential impacts to air quality and associated loss of visibility, 
military aircraft overflights, excessive and concentrated amateur rock hounding activity, utility 
development near the wilderness boundary, the ecological effects of climate change, invasive, non-native 
species, poor trail conditions (that may directly and indirectly cause resource damage), impacts associated 
with inadequate oversight of the outfitter/guide program within wilderness (as discussed in Chapter 12: 
Recreation), and the encroachment of user-created motorized routes and accompanying motorized 
incursions. The implementation of the Travel Management decision on the Forest is expected to address 
many concerns with illegal motorized use and route development. With the New Mexico Wilderness Act 
of 1980, Congress previously designated two wilderness study areas on the Forest, Hell Hole and Lower 
San Francisco River WSAs. These were analyzed and recommended for removal of consideration as 
Wilderness under the 1986 Gila Forest Plan. However, because Congress has taken no further action, the 
Forest has the existing mandate to manage the WSAs to protect their wilderness characteristics. Threats 
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to WSAs are similar to designated Wilderness, but also include localized issues such as illegal firewood 
gathering in the Hell Hole WSA, and salt cedar infestations potentially causing ecological impacts within 
the Lower San Francisco River WSA. 

There are 29 Inventoried Roadless Areas (IRAs) within the Forest, designated under the 2001 Roadless 
Area Conservation Rule. IRAs are managed to protect their Roadless characteristics, with road 
construction, reconstruction, and timber harvest prohibited, although travel is allowed to continue on 
existing roads or motorized trails. These areas are managed by the Gila NF to provide for primitive and 
semi-primitive non-motorized recreation experiences. Threats to the IRA characteristics include 
unauthorized motorized use and the presence of illegal user-developed motorized routes. Current trend 
is increased management actions from implementation of the Travel Management decision, reducing 
existing unauthorized routes, and preventing new ones. 

Currently there are eight Eligible Wild and Scenic Rivers (WSRs) within the Gila National Forest. Eligible 
WSR is an administrative designation, which carries a mandate to manage these rivers and their associated 
corridors for preservation of their Outstandingly Remarkable Values (ORVs).  Threats to ORVs on the Gila 
NF include unauthorized, user-developed motorized routes within the river corridor, non-native invasive 
species, drought, wildfires that burn outside of the range of historic variability, and post-fire flooding and 
erosion damage. 

During the plan revision process, the Forest is required to conduct an inventory and evaluation for lands 
that may be suitable for inclusion in the National Wilderness Preservation system, and inventory of 
eligibility of rivers for potential inclusion in the Wild and Scenic Rivers System. Both of these designations 
may only be made statutorily, through legislation passed by Congress. Other potential special designations 
(e.g. botanical, geological areas) and RNAs will also be further considered and evaluated in the Forest plan 
revision process.   

The 1986 Gila Forest Plan established the Gila River Research Natural Area (RNA) for purposes of 
permanently protecting and maintaining natural conditions for the conservation of biological diversity, 
conducting non-manipulative research and monitoring, fostering education, maintaining the natural 
features for which they were established and maintaining natural processes. Potential threats to the RNA 
include possible future water diversion developments and the existence of the trail associated with the 
adjacent Gila River Bird Area passing through part of it that may provide a vector to introduce nonnative 
species and other human disturbances into the area. Because there is a lack of recent survey data, the 
presence of invasive species are unknown, but may be an additional threat to the area. 

Two National Scenic Byways, the Trail of the Mountain Spirits and the Geronimo Trail, are located partly 
within the Gila NF boundary. The National Scenic Byways Program was established to help recognize, 
preserve, and enhance selected roads throughout the nation. Both Scenic Byways are managed in 
cooperation with partners and have corridor management plans in place to provide management guidance 
and direction for implementing changes and improvements. Potential threats to Byways include 
incompatible development outside the Forest but within the byway corridors, and any threats to scenic 
values of the corridor within the Forest. 

The congressionally designated Continental Divide National Scenic Trail (CDNST) traverses the Rocky 
Mountains for approximately 3,100 miles, with 254 miles of the CDNST travelling through the Gila NF.  
Management direction for the Trail is provided by a Comprehensive Plan. All National Scenic and Historic 
Trails  are managed as “extended trails so located as to provide for maximum outdoor recreation potential 
and for the conservation and enjoyment of nationally significant scenic, historic, natural, and cultural 
qualities of the area through which such trails may pass”. Threats to the CDNST are in common with other 
non-motorized trails on the Forest, detailed within Chapter 14: Infrastructure and Chapter 12: Recreation. 
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National Recreation Trails are administratively designated by the agency to recognize exemplary trails of 
local and regional significance and as part of America's national system of trails, provide for trail-based 
recreation activities in a variety of urban, rural, and remote areas.  The Gila NF manages the Catwalk 
National Recreation Trail, the Sawmill Wagon Road National Recreation Trail and Woodhaul Wagon Road 
National Recreation Trail. Threats to these trails are concurrent with those of all trails on the Gila National 
Forest, see Chapter 14: Infrastructure and Chapter 12: Recreation for more detail. 

The US Fish and Wildlife Service has analyzed species needs and designated critical habitat within the Gila 
NF boundary for six species of wildlife. See Chapter 8: At-Risk Species for more details. 

In addition to the specially designated areas found within the Gila NF, there are areas specially designated 
by other agencies that surround the Forest. These areas add recreation values, scenic values, wildlife 
habitat, and other resources values complementing those of the Forest. The Gila NF works closely with all 
of these state and federal agencies to maintain communication and seek shared management objectives. 

Forest Service designated special areas may contribute to social, economic, and ecological sustainability 
by connecting people to their natural and cultural heritage, preserving intact natural systems and their 
individual components, and potentially providing economic benefits to surrounding communities. It is 
possible that designated areas may also impose some opportunity costs on local economies by restricting 
certain uses or extraction of forest products, increase permit compliance obligations, and raise 
maintenance costs due to more restricted access methods. 

Input received to the Forest Plan revision process so far has shown that Designated Areas, and in particular 
congressionally designated Wilderness, is a polarizing issue for Gila National Forest stakeholders. Some 
commenters feel that current conditions, both locally and globally (i.e. climate change) warrant the 
preservation of additional designated areas, including Wilderness and Wild and Scenic Rivers, while others 
feel that such designations hinder the management of these areas to prevent large scale wildfires and may 
negatively affect water rights holders.   
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Chapter 14. Infrastructure 
Introduction 
Infrastructure is considered the human built property created to support the use of NFS lands. It includes 
roads, trails, dams, bridges, and administrative and recreation facilities owned and managed by the Forest 
Service; and it includes roads and utility infrastructure owned and managed by other governments and 
private entities. The infrastructure influences the Forest’s ability to contribute to the social, cultural, and 
economic conditions within the plan area and the broader landscape. Infrastructure allows for sufficient 
access and use of the Forest, through a variety of multiple uses and ecosystem services. It should be 
integrated within the landscape, to preserve its scenic beauty and character and enhance the experience 
of Forest users. Forest infrastructure should be well planned, managed, and maintained, so as not to harm 
the ecological integrity of the Forest and allow for continued enjoyment and use of the Forest by many 
user groups. This section identifies and evaluates: 

 The current condition and maintenance level of the Forest’s infrastructure – roads, bridges, 
administrative and recreation facilities, dams, utility systems, trails and other infrastructure. 

 How funding and maintenance trends may affect infrastructure in the future. 

 And the contribution infrastructure makes to the public’s ability to use and benefit from Forest 
resources. 

Ecosystem Services of Infrastructure 
Forest transportation infrastructure supports the ability of the Forest to provide ecosystem services by 
allowing access for Forest Service employees to implement project work, which contributes to the health 
of Forest ecosystems. Healthy Forest terrestrial, riparian, and aquatic ecosystems increase the ability of 
the Forest to provide supporting and regulating ecosystem services.  Transportation infrastructure allows 
visitors and permit holders to gain access to the many provisioning ecosystems services important to them. 
The trail system, campgrounds, and other recreation infrastructure provide cultural ecosystem services 
through recreation opportunities, scenic vistas, and enjoyment with nature. 

Transportation Infrastructure 
Visitors from all over travel to and through the relatively remote Gila National Forest.  Most start off on 
federal, state and/or county roads and eventually make their way onto connecting Forest roads.   Once on 
the Forest, users may choose to continue their journey on higher standard roads or transition to lower 
standard roads where high clearance and/or four wheel drive vehicles are recommended.  Whether the 
road is a four lane highway or a primitive road, this multi-agency, multi-standard network of roads is 
maintained to provide reliable access by the motorized public.    

Primary Access Routes Servicing the Forest 

Access to the Gila National Forest, and many of the more popular destinations, is accomplished through a 
network of federal, state, and county routes (Figure 191).    The portion of this network found in the higher 
elevations is subject to periodic closure during heavy winter snows.  Motorists may also encounter delays 
associated with rock or debris flows from storm runoff especially in areas of recent fire activity.  Several 
different agencies are responsible for keeping these roads open and safe for all users year-round.  Many 
of these roads serve as primary access for communities in and around the planning area.  

National Forest System Road (NFSR) 150, also known as the North Star Mesa Road, is the only National 
Forest System Road motorists can use to travel from the southern boundary of the Forest to the northern 
boundary.  NFSR 150 falls within the corridor that separates the Gila Wilderness from the Aldo Leopold 
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Wilderness.  In 2011, the Forest has made significant investments in NFSR 150.  Even with those 
improvements, there are times when NFSR 150 may become impassable by low clearance vehicles.  During 
those times, low clearance motorists traveling from north to south or vice versa will have to rely upon U.S. 
Highway (US) 180 on the west side of the Forest or Interstate (I) 25 and N.M. Highway (NM) 52 to the east.     

The Gila National Forest’s 3.3 million acres is separated into six ranger districts. The northern portion is 
primarily comprised of the Quemado and Reserve Ranger Districts (RD). These two districts are accessible 
from Quemado to the north via NM-32, or Socorro to the northeast via NM-12, and from Springerville, AZ 
via US60 or US-180. Motorists coming in from the south will typically use US-180 from Silver City, NM 

The Glenwood Ranger District is located on the west central portion of the Gila National Forest and can be 
accessed from the north (Luna and Reserve) and south (Silver City) via US-180.  Travelers coming from 
Arizona can access the Glenwood RD via NM-78 from the southwestern portion of the district.    

The eastern portion of the Forest is occupied by the Black Range RD.  It can be accessed from the north 
(Datil and Socorro) and east (Truth or Consequences) via NM-52 and NM-59.  The southern end of the 
District can be accessed via NM-152 and NM-27. 

The Wilderness District is primarily comprised of wilderness and thus motorized access is limited.  NFSR 
150 is the primary access from the north.  The only other access is through Silver City or Mimbres via NM-
15 or NM-35 from the south and southeast respectively.    

The Silver City Ranger District is located on the southern end of the Forest.  This district is the home of the 
Supervisor’s Office, located in the town of Silver City.  This is the only district on the Forest that is 
discontiguous.  The Silver City RD is comprised of three separate areas; the area immediately surrounding 
Silver City, the portion in the southern Black Range Mountains, and the Burro Mountains area.  Motorists 
can find their way to this district by way of US-180 when coming from the north and west (Glenwood) or 
south and east (Deming), via NM-90 from the south and west (Lordsburg) or from the east by way of NM-
152 (Truth or Consequences and Hillsboro).  
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Figure 191. Major access routes in and around the Gila National Forest 
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Forest Transportation System 
The Forest Service uses a Road Maintenance Management System to provide a systematic process for 
Forests to set priorities, plan, budget, schedule, perform, monitor, and evaluate maintenance of Forest 
roads.  Every NFS road is assigned Road Management Objectives which then help determine its 
Maintenance Level (ML).  The Forest Service uses the Road Management Objectives to describe the level 
of service provided by a specific NFS road.  Several factors are considered when assigning maintenance 
levels; user safety, traffic volume, traffic speeds, road investment, user comfort and convenience, funding 
levels etc.   When roads are scheduled for maintenance, the maintenance performed should meet the 
maintenance criteria for the road’s assigned ML.  Maintenance Levels range from 1 to 5.  A ML 1 road 
provides the lowest level of service and a ML 5 is associated with roads providing the highest level of 
service.  A road intended to move more traffic at a higher rate of speed would be assigned a higher 
maintenance level than a road maintained for high-clearance vehicles at much lower speeds. 

ML 1 roads are closed to all vehicular traffic, but may require basic custodial maintenance to prevent 
damage to adjacent resources or to preserve the road for future resource management needs. Roads 
assigned to ML 2 through 5 may provide year-round or intermittent access. ML 2 roads, which are managed 
for high-clearance vehicles, account for the majority of the open NFS road miles.  These roads typically 
don’t receive a lot of traffic but they provide motorized access to more acres of Forest for various purposes 
(e.g., hunting, camping, access to trailheads, firewood gathering, recreational driving) than all of the ML 3 
through ML 5 roads combined.  No provision is made for user comfort, user convenience, and speed of 
travel.  Neither is any provision made to warn users about changing conditions and safety concerns on the 
road ahead.  On the other hand, level 3 roads are passable to prudent drivers in passenger cars.  Users can 
reasonably drive with expectations of predictable road conditions and can expect warning signs and traffic 
control devices meeting standards from the Manual on Uniform Traffic Control Devices when hazards are 
present. The distinctions between maintenance levels 3, 4, and 5, which are roads managed as public 
roads, are not sharply defined.  Some parameters overlap. Maintenance levels are selected based on the 
best overall fit of the parameters for the road in question.  In those situations where the parameters do 
not indicate a definite selection, the assignment of ML should be based on the desired level of user 
comfort and convenience as the overriding criteria. 

Maintenance of NFS roads on the Gila NF occurs year-round.  NFS roads on the north end of the Forest 
(Quemado and Reserve RDs) are typically scheduled for maintenance during the warmer months to avoid 
the adverse conditions (frozen roadbeds, snow and other inclement winter weather, etc.) of the winter 
months.  During the winter months, maintenance is performed on NFS roads on the southern end of the 
Forest where temperatures are typically milder and conditions are more conducive.  Flash floods from 
isolated thunderstorms, persistent monsoon rains, downed trees from the past winter or spring winds, 
and potholed pavements from freeze-thaw cycles comprise the maintenance challenges through the year.  
Emerging trends are the impacts of larger and more severe fires, and the subsequent monsoon rains that 
follow, leading to increased flooding and roadway washouts.  

Forest Service Handbook (FSH) 7709.59-40 requires roads “open to public travel”, i.e., passable by four-
wheel standard passenger cars and open to the general public, meet certain standards of the Highway 
Safety Act of 1966 associated with design, construction, maintenance, signing and traffic accident 
surveillance.  NFS roads managed as ML 3, 4 or 5 are subject to the Highway Safety Act.  These roads see 
more traffic traveling at higher speeds than ML2 roads and thus, more time and money are directed to the 
maintenance of these facilities.   

Funding levels for road maintenance have significantly declined over the years.  Since 2011, funding levels 
for road maintenance on the Gila National Forest have seen an average reduction of 11% per year.  In 2015, 
the Gila NF road maintenance budget was $738,400.  The Forest is completing basic custodial maintenance 
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(grading the road surface, maintaining ditch lines, select sign replacement, minor brushing of roadside 
vegetation, etc.) on approximately 300 miles (out of the 3,334 total miles) of the existing roads on an 
annual basis; approximately 75% of those miles are ML 3, 4 and 5 roads and the remaining 25% are ML 2 
roads.  Approximately 80% of the 300 miles of maintained roads are the same and appear on the 
maintenance schedule every year.  The Forest has worked with local county agencies to clarify 
jurisdictional issues associated with roads passing through the Gila NF.  The end result is a transfer of 
nearly 400 miles of National Forest System roads to Catron and Grant counties. 

The majority of these miles are not maintained fully, i.e., correcting all deficiencies to ensure the road and 
all its features are functioning properly.  The annual maintenance needs displayed in Table 220 and the 
available maintenance budget shows a large discrepancy and presents the Forest having a road system 
that cannot be fully maintained.  Further, road maintenance budgets are forecasted to decline in the 
foreseeable future, therefore continuing to make it difficult to provide basic custodial maintenance to 
entire road system.   

Table 220. Annual road maintenance needs by maintenance level 

Maintenance 
Level Miles 

Annual Estimated  
Maintenance 
Needs $/milea Total 

2 2,932 $350 $1,026,200  

$2,078,782  

$1,327,926  

$145,134 

3 251 $8,282 $2,078,782 

4 129 $10,294 $1,327,926 

5 22 $6,597 $145,134 

Total 3,334  $4,578,042 
a Annual Costs per Mile from “Identifying a Financially Sustainable Road System Spreadsheet Tool” (USDA FS 2006c) 

The result of the Forest’s inability to perform full maintenance is a maintenance backlog known as deferred 
maintenance.  Examples of deferred maintenance include replacing culverts, cattle guards, surfacing and 
signs based on their life cycle or only when needed, and removing all roadside vegetation encroaching into 
the roadway or only that which is limiting site distances.  An estimate of the current deferred maintenance 
for NFS roads on the Gila National Forest is $272,265,429.  This number is subject to grow as funding levels 
continue to decline.   

Bridges 
The Gila NF has 12 road bridges as part of its transportation system.  All but one of the Forest’s bridges 
have been in service for 50 years or more.  The Forest does plan to replace or rehabilitate eight bridges on 
NFSR 150 once funding becomes available.  Two of the bridges are scheduled for replacement and another 
for rehabilitation in 2016.  The Forest has designs in place to replace another five structures once funding 
becomes available.   Of the remaining four bridges, two are rated in “good” condition or better and the 
other two are rated to be in “fair” condition.  None of the remaining four bridges are subject to load 
restrictions at this time.  All twelve bridges are inspected every two years.  Inspectors document all 
observed deficiencies and create a list of work items that are prioritized and corrected as funding permits.  
The funding source for minor bridge repair and maintenance is the same as funds available for road 
maintenance. Funds for major work items, rehabilitation and bridge replacements are typically competed 
for at a regional level. 
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Travel Management 
To address the concern about unmanaged off-highway vehicle (OHV) use, the Forest Service published 
final travel management regulations for use of motor vehicles on National Forest System lands on 
November 9, 2005.  The Travel Management Rule (USDA FS 2005) requires that each national forest and 
grassland “provides for a system of National Forest System (NFS) roads, NFS trails, and areas on NFS lands 
that are designated for motor vehicle use...including the class of vehicle and time of year...”  The Gila 
National Forest’s Travel Management decision was released in June 2014, and the decision was 
implemented upon publication of the motor vehicle use maps (MVUMs) for the Quemado, Reserve, 
Wilderness and Black Range districts in July 2017, and the Silver City and Glenwood Ranger Districts in 
January 2017.  Designated roads, trails, and areas open for motor vehicle use are identified on the Gila NF 
MVUMs. Consistent with the rule, motor vehicle use off designated roads, trails, and areas identified on 
an MVUM is prohibited on the Gila NF. The Gila NF MVUMs currently identify 3,334 miles of NFS roads 
designated for public motorized use (Table 221). Approximately 2,932 miles (88%) are ML 2. The remaining 
designated NFS roads (402 miles or 12%) are ML 3 to ML 5 and are managed for passenger car use. 

Roads not selected as part of the designated public system can be used administratively or by written 
authorization (329 miles), or will be stored (908 miles) for future use or decommissioned.  The status of 
these stored roads will be evaluated during future project planning.  More information on travel 
management decision and implementation can be found at: 
www.fs.usda.gov/detail/gila/home/?cid=STELPRDB5035773.  

Table 221. Miles of Gila National Forest roads by maintenance level 

Maintenance 
Level 

ML2 ML3 ML4 ML5 Total 

Miles 2,932  (88%) 251  (8%) 129  (4%) 22  (<1%) 3,334  (100%) 

 

Aviation 
There are 4 airstrips located on the Forest that receive semi-regular maintenance (Beaverhead, Negrito, 
MeOwn, and Jewett Mesa) by the Forest.  These airstrips provide access for emergency services, fire 
management operations, burned area emergency response actions, and other administrative activities of 
the Forest Service.  These airstrips are also considered open for general public use and receive occasional 
recreational use.  Two other airstrips are located on the Gila National Forest, but are under special use 
permit to Catron County (Reserve and Glenwood).  All the airstrips located on the Gila National Forest are 
considered “primitive” according to the Airstrip Classification matrix (USDA FS 2012e), with the exception 
of Reserve which is developed.  The New Mexico Department of Transportation is actively working with 
the recreation aviation community and other stakeholders to promote the use of airstrips around the State 
and to help the Forest Service maintain recreational opportunities associated with existing airstrips.  Pilots 
are reminded that it is their responsibility to check Federal Aviation Administration (FAA) Notices to 
Airmen (NOTAMS), the Aeronautical Information Manual, FAA flight service stations, and current airstrip 
conditions from the airstrip manager before conducting any flight operations. 

Facilities 
Administrative Facilities 
Much of the planning for facilities for the Forest is guided by Facilities Master Plan which is scheduled to 
be updated and revised regularly.  Currently, the Facilities Master Plan is overdue for update, however it 
will be updated by an independent group in fiscal year 2016, and this will reflect current vision and 
direction for facilities on the Forest.  The Gila NF has six ranger districts of which one is a combination 

http://www.fs.usda.gov/detail/gila/home/?cid=STELPRDB5035773
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Supervisor’s Office / District Office. Of the six ranger district offices, four are owned by the USFS.  Of the 
other two districts, the Black Range District Office in Truth or Consequences, NM is leased and the Silver 
City District office, which is shared with the Supervisor’s Office, is also a leased facility.  The Supervisor’s 
Office also leases land from the Grant County Airport for facilities at the Aerial Firebase / Cache.  With the 
exception of the Black Range Ranger Station, the ranger stations are self-contained compounds, typically 
including an office, warehouse/shop, residences/crew quarters, materials storage sheds, horse facilities, 
and water/wastewater systems. Several of the districts also have remote work centers due to long 
distances between district areas, which include living quarters as well.  

The Wilderness Ranger District also has facilities and land owned by the USFS, but are used and managed 
by the National Park Service at the Gila Visitor’s Center near the Gila Cliff Dwellings National Monument.  
These facilities are shared by both agencies in many cases, and costs are spilt for maintenance and upkeep 
on an informal basis. Currently, the USFS and the National Park Service are in the process of instituting a 
formal agreement between the two to determine responsibilities of these lands and structures going 
forward.  While details aren’t currently available, this should formalize who is both physically and fiscally 
responsible for the well-being of this infrastructure.   

The Gila NF maintains a total of 264 non-recreation administrative buildings including all range facilities 
which include range cabins and barns and are maintained by the permittee. Each structure receives a 
facility condition assessment by qualified personnel every five years. The inspections result in the 
documentation of all required maintenance needs. The result of comparing the required maintenance to 
the generated replacement value for each asset is a facility condition index (FCI). The FCI correlates to a 
facility condition rating of good, fair, or poor (Table 222).  A good condition rating is considered a site that 
is fully functional and pose little to no safety concerns to the public and agency personnel. With a good 
condition rating, there is room for improvements to the sites, but overall function of the site is acceptable.  
A rating of poor typically indicates the need for major repairs, replacement or decommissioning of the 
facility. 

Table 222. Administrative buildings on the Gila National Forest, with their facility condition ratings 

Ranger District Number of 
Structures Good Fair Poor 

Supervisor’s Office 50 24 7 19 

Black Range 43 15 3 25 

Quemado 43 22 5 16 

Glenwood 35 14 3 18 

Wilderness 35 16 2 17 

Reserve 43 19 6 18 

Silver City 15 8 1 6 

TOTAL 264 118 27 119 

The deferred maintenance of administrative facilities on the Gila NF, excluding the leased property, is 
valued at over $7.3 million dollars. With a limited budget to address all facility needs, prioritization of 
investment in maintenance occurs according to the following sustainability goals: (1) address existing or 
potential health and safety hazards; (2) emergency repairs to restore serviceability of building; (3) repair 
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to existing building and utility system to prevent further damage and deterioration; (4) maintenance of 
facilities to the objective service level; and (5) improvements to reduce maintenance and operation costs.  

Many of the facilities identified as being in poor condition are older buildings and many of those are range 
buildings (such as range cabins and barns) which are to be maintained by the permittee. These buildings 
are currently being maintained to address only required health and safety issues. Priority for maintenance 
is given to office, residential, and warehouse buildings. The facilities budget for maintenance of these 
buildings has not increased in recent years, leading to the significant deferred maintenance backlog. The 
expectation is that future funding will not increase, resulting in a decline in the condition of other 
administration facility structures.  Current plans are to reduce overall footprint of facilities and consolidate 
resources in order to reduce facility maintenance costs. 

Recreation Facilities 
The Gila NF has a total of 33 developed campgrounds which include two group campgrounds.  All of these 
campgrounds have vault toilets (see Wastewater Systems) and seven provide drinking water (see Drinking 
Water Systems).  The Forest also manages a horse camp with water for stock and corrals.  There are also 
a total of nine interpretive sites, five observation / vista areas, six picnic sites, five boating facilities, and 
98 developed trailheads all with some type of development.  Eleven sites have horse corrals (2 
campgrounds, 7 trailheads, 1 interpretive site, 1 horse camp), while five different sites have a total of 10 
pavilions.   

The majority of recreation facilities are currently considered to be in good condition (Table 223).  There 
are a couple of sites that are currently closed due to damages from wildland fires and/or flooding.  There 
are other sites that currently have some sort of seasonal closure or restrictions due to time of year and 
threat of flooding (e.g. monsoon season).  There has been a significant amount of rehabilitation work at 
several recreation facilities that have been affected by large wildland fires.  Rehabilitation efforts have 
resulted in improved conditions compared to the previous ratings prior to the fire impacts.  For more 
detailed information on conditions, risks, and trends related to recreation facilities see Chapter 12: 
Recreation. 

Table 223. Recreation buildings on the Gila National Forest, with their facility condition ratings 

Ranger District Number of 
Structures Good Fair Poor 

Supervisor’s Office 0 0 0 0 

Black Range 7 6 1 0 

Quemado 26 16 6 4 

Glenwood 16 14 0 2 

Wilderness 54 28 5 21 

Reserve 16 12 2 2 

Silver City 25 20 5 0 

TOTAL 144 96 19 29 
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Drinking Water Systems 
The Gila NF has 15 drinking water systems - 7 systems serve recreational facilities and 8 serve 
administrative sites.  Many of the drinking water systems were developed or improved during the 1990s 
and early 2000s and currently range from good to poor in condition. However, each drinking water system 
still must meet water quality and system operation standards according to its classification type.  The 
administrative sites include the Grant County Airport, Kingston Administrative area, Beaverhead 
Administrative area, Luna Administrative area, Glenwood Administrative area, Wilderness Administrative 
area, Negrito Administrative area and Fort Bayard Administrative area. The remaining administrative sites 
(Quemado, Reserve and Silver City Administrative sites) are served by municipal water systems. Recreation 
sites include Quemado Lake, Catwalk, Lake Roberts, Gila Visitor’s Center, Willow Creek, Snow Lake and 
Little Walnut.   

Due to shrinking budgets, current plans for the water systems are to correct and maintain these systems 
to a good condition rating and discourage installation of any new water systems.  Testing and sampling of 
water systems are up to date and in compliance and will continue to do so until systems are properly 
decommissioned.  

Wastewater Systems  
The Gila NF manages 1 lagoon wastewater system near the Gila Cliff Dwellings National Monument which 
receives all sewage pumped from the nearby area (vault toilets, RV dumps, etc.), and multiple leach field 
/ septic type wastewater systems. The Gila NF also ties into 4 municipal septic systems. There are 104 vault 
toilets on the Gila NF as well as 18 pit toilets.   

The majority of the vault toilets on the Forest were installed in the 1970s and 80s, but have been replaced 
in the last 20 years as part of campground reconstruction projects by CXT model toilets. Vault toilets are 
an all-inclusive system which contains both the building and the below-ground vault for wastewater. 
Currently 73 vault toilets are in good condition, 14 are fair, and 17 are in poor condition. The approximate 
replacement value for one vault toilet is $40,000. Replacement of the 17 poor condition units would be a 
cost of around $680,000. Over time, we will seek to replace the 17 poor rated (older) vault toilets with 
new CXT vault toilets or equivalent. 

The deferred maintenance of septic/wastewater systems on the Gila NF currently is estimated at $300,000. 
Once a septic tank/leach field system fails, it must be replaced in its entirety. Since wastewater is an 
important health and safety issue, funding for future administrative wastewater projects would be a 
priority. 

Trail Systems 
The Gila NF manages a total of 1,927 miles of trails.  There is a total of 179 miles of motorized trails, 861 
miles of trails within wilderness areas, and 891 miles of non-wilderness / non-motorized trails.  Trails on 
the Gila NF are a vital contribution to Forest infrastructure since they provide access to the wilderness 
areas and are a key component to the recreation program.  For information on condition, risks, and trends 
related to the trail system see Chapter 12: Recreation.   

Communication Sites 

The Gila NF has 6 control / base radios located throughout the Gila NF. In addition to this, there are 11 
repeaters throughout the Forest that have communication equipment utilized by the Gila NF. The majority 
of the communication equipment and sites are all in good condition. However, some of the buildings are 
beginning to show some wear due to deferred maintenance.  



Chapter 14. Infrastructure 

 
Gila National Forest Assessment Report – Final  620  

To date, the Gila NF is currently in process of upgrading the current radio system via radio replacement.  
In that, there are plans to all existing base stations to control base repeaters in order to improve coverage 
and aide users in hearing and sending messages better throughout the Forest.  A current issue the Forest 
is having is that the base stations receive traffic and send it to the Forest Dispatch Center via hard line and 
then are transmitted back via hard line to the base station and out to the users.  In doing this, other users 
only hear the transmission sent by dispatch and not the initial traffic by other users.  In only hearing one 
side of the communication, many users face confusion on messages, and other messages, which may be 
pertinent, are completely missed by listeners.  Modifications to these base stations will now allow users 
to hear both transmissions from the other users as well as dispatch.  This should improve communications 
at Glenwood, San Francisco Divide, Mangas Mountain, Signal Peak and Copperas Peak areas.   

The continued maintenance and service of the communication sites and equipment is critical for Forest 
Service personnel and public safety. Most of the Forest is not accessible to mobile phone service. The 
current trend is for funding to be available when needed to perform maintenance.  All funding for 
communication is borne by the Forest Service Communication Information Office. 

Dams 

The Gila NF has 3 large earthen dams forming lakes located within the Plan area. The Snow Lake Reservoir 
and Quemado Lake Reservoir are located entirely on National Forest land and the Lake Roberts Reservoir 
has some of the backwaters located on National Forest land.  While all three of these lakes are located on 
National Forest Land, none of the dams are owned or maintained by the Gila National Forest. All three 
dams mentioned are maintained by the New Mexico Game and Fish Department, and current inspection 
reports show that while there are some operation and maintenance issues, the dams are in “satisfactory” 
condition. All three of these lakes have been separately permitted for use by “special use permit.” 

Other Infrastructure 

Several electrical, telephone, and oil and gas distribution systems cross the Gila NF, but are owned, 
operated, and maintained by public utilities or private companies. These systems and other infrastructure 
require a special use permit and / or easement from the Forest Service (see Lands). The infrastructure is 
significant because poor design and/or management can impact Forest resources.  

In addition, the Gila National Forest has various range infrastructure including fences, corrals, cattle 
guards, and assorted types of water developments including; springs, wells, windmills, solar pumps, 
pipelines, water storage tanks, and water troughs.  Range infrastructure such as water developments also 
benefit different species of wildlife.  Many of these improvements related to livestock management were 
constructed years ago and are in states of disrepair or now obsolete.  Many times new permittees inherit 
these through the waiver of permits and are faced with heavy and costly workload to repair or possibly 
remove improvements. Through the process of range analysis, improvements are inventoried to assess 
condition and efficacy.  Improvements no longer needed are then scheduled for removal as time and 
funding will allow.  New improvements or those that are still necessary for livestock management are 
constructed or maintained through a cost share partnership between the Forest Service and the livestock 
grazing permittees as part of their grazing permit.  Vacant allotments on the forest pose a challenge to 
maintenance of infrastructure as many improvements such as fences, corrals or water developments have 
been abandoned since removal of the livestock.  Those improvements such as water developments that 
continue to benefit wildlife are prioritized and maintained as funding allows.  Any new range infrastructure 
proposed for livestock and/or wildlife is coordinated through the District Range Staff, permittees and Line 
Officers on the Gila National Forest, then taken through the proper NEPA analysis for implementation.   
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Implementation of the Travel Management Rule on the Forest will not affect the access or maintenance 
of range improvements for range and livestock management purposes.  These uses are exempt from some 
of the restrictions and included as part of the term grazing permits. 

Other wildlife infrastructure includes trick tanks and drinkers for wildlife, fish barriers, fishing piers, floating 
docks, boat ramps, fish habitat enhancement structures, and fish cleaning stations which are maintained 
by the US Forest Service.  The fish barriers are located throughout the Forest and require little to no 
maintenance.  Additional fish barriers may be considered pending recommendations and consultation 
between the U.S. Forest Service and the New Mexico Department of Game and Fish.  All other fishing type 
infrastructure is also typically a joint effort as coordinated between the USFS and the New Mexico 
Department of Game and Fish. 

Sustainability of the Forest Infrastructure 
Over the last 20-years, the Gila NF has invested millions in mission critical and non-critical facilities. Money 
has been spent to upgrade facilities to be more energy efficient, abate hazardous materials and other 
health hazards as well as decommission and demolish facilities no longer needed for service.  The Forest’s 
trail system is in fair to poor condition, and its roads and bridges are currently safe for visitor travel. 
However, recent budgets are far less than what was distributed to the Forest in past years. If this trend 
continues, it is likely that some of the infrastructure will deteriorate beyond repair, which will force 
decisions on consolidation and possibly relocation. 

Contributions of Infrastructure to Social, Economic, and Ecological 
Sustainability 
The Gila NF’s transportation system is integral to supporting the many uses and opportunities enjoyed by 
the public. Roads allow access to gather firewood, hunt, fish, hike, and recreate. Local businesses and 
communities benefit from visitors who want to use the Forest because they can safely access and 
experience the Forest on NFS roads and trails. Gaining access to the Forest through roads and trails are 
important for local residents to continue their traditional uses, which are integral in maintaining the social 
and cultural fabric of many Forest communities. The trail system allows Forest users to hike for exercise or 
simply to experience the beauty of the Forest. Recreation infrastructure (i.e., trails, roads, campgrounds, 
and toilet facilities) allow for recreation opportunities, which support communities directly (e.g., outfitter 
guide jobs) and indirectly (e.g., increased tourism in community lodges, shops, and restaurants). A well 
planned, managed, and maintained Forest infrastructure allows for these opportunities. 

Infrastructure contributes to ecological sustainability when it is properly designed, integrated within the 
landscape, and well maintained. Transportation infrastructure allows Forest Service personnel to access 
the Forest to perform valuable monitoring and implement land and water restoration projects. The wildlife 
guzzlers provide fresh drinking water in times of low rainfall and when natural water sources are scarce. 

Negative economic and social contributions would include having to close sites, because funds are 
inadequate to provide appropriate maintenance to keep sites safe for human use. Closures would reduce 
or limit opportunities to access and gain enjoyment of recreational resources and experiences. Negative 
ecological sustainability would result from a key dam failure, major road or trail erosion, or issues with 
septic systems.  Roads and trails can have negative ecological impacts, which are described in more detail 
in Chapter 9: System Drivers and Stressors. 

Stakeholder Input 
Many stakeholders commented on the state of the infrastructure on the Forest.  Some participants 
expressed concern about the lack of road maintenance and how that relates to resource damage or a loss 
to the local economies that rely on visitors who like recreational driving.  Some people thought the Forest 
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Service should allow them to perform road maintenance.  Others stated they felt there are too many roads 
while others thought more roads should remain open for fire management access, firewood gathering, 
general recreation, game retrieval, private land access, etc.  A few participants indicated public road maps 
for the Gila National Forest are not accurate. 

In regards to the travel management rule, which was a seperate planning effort, some expressed concern 
about losing access to parts of the Forest due to road closures, especially those who are elderly or mobility 
impaired.  There were also those who felt the Forest was receiving resource damage from off road traffic 
and use of off road vehicles while others felt there was no damage associated with off road vehicle use.  
Some also commented that enforcement of the travel management rule will be difficult with reduced 
budgets and that road signage and additional public information will be important. 

Public comments regarding trails and recreational facilities have several commonalities.  As for the 
conditions of trails across the Forest, the vast majority of comments mention that current trail conditions 
are in poor shape.  Many comments mention the need for additional emphasis on trail maintenance to 
keep the existing trails open and easy to navigate.  There are a number of different suggestions on how to 
improve the condition of trails.  Some comments include the need for addition funding, additional trail 
crews, improved signage,  increase the use of different volunteer groups, utilize different partnerships 
(school groups, hiking and equestrian clubs, conservation groups), and create more loop trails.  Another 
common theme presented by the public is the need for more information about the current condition of 
the trails on the Forest.  Some of the different approaches include improved maps, updated information 
on the Forest website, and providing an avenue for the public to comment about trail conditions that they 
encounter.  Other similar comments made by the public include the need to keep as many trails open as 
possible, not limiting trail access, and the use of outfitter / guides to do trail maintenance in exchange for 
waiving their fees for special use permits.  Naming of trails was an issue, where the majority commenters 
would like to see geographic type names for trails instead of the standard of utilizing a numbered trail 
naming system.    

An issue that has multiple different opinions is the motorized use of trails.  One segment of the public 
would like to limit motorized use on trails and is distracted by the noise and damages caused by off road 
vehicle use on existing trails and roads.  Another group of the public would like to see an increase of trails 
and roads that are made available for motorized use including an increase in the allowed width of 
motorized equipment on trails from 50” to 60” to accommodate side by side Utility Task Vehicles (UTVs). 

Comments regarding recreation facilities were similar to those about trails.  A common comment was how 
many of campgrounds and trailheads were in need of additional maintenance and repairs.  A shared 
recommendation was to increase the number of campgrounds that have campground hosts to help with 
monitoring and maintaining campgrounds.  Another mutual comment was to keep campgrounds open and 
available for motorized type camping, while the comments vary as to what kind of motorized type camping 
is requested.  The range is from sites for car camping up to sites being able to park a 35’ recreational 
vehicle (RV).   

Many people expressed how important recreational opportunities on the Gila NF are to the local economy.  
More services being offered on the Forest along with continued improvements to existing infrastructure 
will continue to draw more visitors to the Forest and surrounding communities.  Having more visitors will 
increase the economic contribution to the local communities near the Forest and local economies will 
benefit.  Therefore the local citizens have a strong interest in management activities that occur on the Gila 
NF. 

After the release of the draft assessment report, stakeholders provided additional input, feedback and 
comments regarding this chapter of the assessment.  Commenters suggested that partnerships with OHV 
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clubs and other stakeholders could help maintain roads and trails given budget constraints. Another 
comment emphasized the need to be creative with potential infrastructure funding sources (such as the 
Resource Advisory Committee funding process) as these entities provide funding but they can also lead to 
strong community wide partnerships.  A further suggestion was that roads determined to be “unneeded” 
should be considered and analyzed for repurposing as trails.  There was also a request to provide more 
details on the Travel Management Plan decision and implementation.  Another commenter requested that 
the information in Chapter 9: System Drivers and Stressors on potential negative ecological impacts from 
road and trail systems be cross referenced in this chapter, and the assessment report include that climate 
change is projected to increase the need for maintenance and exacerbate the deterioration of 
infrastructure.  There were additional calls for reasonable access and that existing infrastructure be 
maintained and new infrastructure developed that supports the development of small business and local 
economies. 

Summary 
Infrastructure in the plan area is currently serviceable. Funding is the biggest risk to maintaining 
infrastructure into the future. Funding levels have decreased in recent years, while the costs to perform 
maintenance have increased. Closure of infrastructure (i.e., motorized roads, administrative facilities, and 
campgrounds) could result in reduced access, recreation services, and enjoyment by the public. 
Deterioration of infrastructure (i.e., roads, dams, range improvements, and utilities) could result in 
ecological damage to the Forest. 
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Chapter 15. Land Status and Ownership, Use and 
Access Patterns 
Introduction 
This chapter discusses existing patterns and trends of land ownership, status, and use both within, and 
near, the Gila National Forest (Forest). It also explains how land status, ownership, use, and access patterns 
influence management of the Forest and vice versa.   

Land Ownership 
Land ownership is the basic pattern of public and private ownership of both surface and subsurface estates 
and legal restrictions and permissions on the use of the land.  It refers to the ownership of land and 
interests in land.   

The Gila National Forest is composed of land proclaimed as Forest Reserve land by numerous Presidential 
proclamations, executive orders and laws through the years, along with lands which have been acquired 
from private or other governmental owners.  The Gila National Forest is one of the largest National Forests 
in the nation, occupying approximately 3.3 million acres.  Federal ownership within the Forest is mainly 
consolidated as a large whole unit with the exceptions of some communities and other large and small 
tracts of private land located within the Forest.   

Private land inholdings within the three designated wilderness areas in the Gila National Forest are almost 
non-existent.  The Aldo Leopold Wilderness has two five-acre private land parcels within its boundaries; 
the Blue Range Wilderness contains no private land parcels; and the Gila Wilderness has six parcels of 
private land within its boundaries.  There are no private land parcels within the boundaries of the two 
wilderness study areas (Hells Hole and Lower San Francisco River). 

The Gila NF is located in the southwest corner of New Mexico within the counties of Catron, Grant, Hidalgo, 
and Sierra. Table 224 displays land ownership within these counties (Headwaters Economics 2015a). The 
majority of the Gila NF land area resides in Catron and Grant counties.  The Forest comprises approximately 
46 percent of Catron County and 34 percent of Grant County.  With the combination of other federal, state, 
and tribal lands, only 26 percent of Catron and 39 percent of Grant County is privately owned.  The amount 
of the Gila NF within Sierra County (13%) and Hidalgo County (0.4%) is less significant although only 25 
percent and 42 percent is privately owned in these counties, respectively, due to significant holdings by 
other federal and state agencies. 
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Table 224.  Land ownership (percent) in the counties that include the Gila NF 
 Catron 

County 
Grant 

County 
Hidalgo 
County 

Sierra 
County 

County 
Region 

U.S. 

Private Lands 25.5 38.6 42.1 25.3 31.3 58.7 
   Conservation Easement 0.1 0.0 0.8 0.0 0.2 0.6 
Federal Lands 62.7 47.4 41.6 63.2 55.6 28.8 
   Forest Service 49.5 33.9 3.5 13.9 29.5 8.4 
        Gila NF 45.9 33.9 0.4 13.2 27.4 <0.01 
        Cibola NF 3.6 0.0 0.0 0.7 1.5 <0.01 
        Coronado NF 0.0 0.0 3.1 0.0 0.6 <0.01 
   BLM 13.2 13.4 38.1 28.8 21.4 11.1 
   National Park Service 0.0 0.0 0.0 0.0 0.0 3.4 
   Military 0.0 0.1 0.0 19.3 4.4 1.1 
   Other Federal 0.0 0.0 0.0 1.3 0.3 4.7 
State Lands 11.5 14.0 16.3 11.4 12.9 8.4 
   State Trust Lands 11.5 14.0 16.3 10.5 12.7 1.9 
   Other State 0.0 0.1 0.0 0.9 0.2 6.6 
Tribal Lands 0.3 0.0 0.0 0.0 0.1 4.0 
City, County, Other 0.0 0.0 0.0 0.0 0.0 0.2 

 

Land Ownership Adjustment 

The current 1986 Forest Plan allows for the adjustment of landownership for resource management goals.  
Management of the enormous land base of the Gila National Forest can be extremely complex.  This task 
is magnified by patterns of ownership that are not contiguous in particular locations.  Parcels of private 
land have been acquired by the Forest in the past via donation, purchase and exchange (trade), and these 
opportunities still occur.  Acquisition of some of these private parcels can be helpful in achieving a desired 
Forest landownership pattern that supports resource management goals, addresses fragmentation, and 
reduces future management costs.  For example, acquisitions of specific properties may expand access 
opportunities for the general public in areas of the National Forest which may have been extremely 
difficult to reach in the past.  Acquisition of particular private inholdings may assist in recovery efforts of 
threatened and endangered species.  Conversely, the sale or disposal of Forest land can assist communities 
in moving toward community objectives such as area for expansion or other municipal purposes. 

Trends Affecting Land Ownership 
The land area of the Forest has also been adjusted by numerous acquisitions, sales and exchanges.  It is 
unclear what the future holds as funding for land acquisition is extremely limited and this scarce funding 
is shared and competed for throughout the nation.  Land exchanges are becoming more infrequent as the 
transaction costs continue to rise and the time for the completion of a transaction to occur can be many 
years.  

There is a trend of private ranches being subdivided, and portions being converted to other uses including 
residential development.  This residential development can often occur near the Forest boundary it is a 
desirable amenity (often reflected in the real estate listing and sale price) for a piece of private property 
to be near or adjacent to the National Forest.  This conversion to residential development can also have 
implications for the Gila NF including growth of the wildland-urban interface (and the cost of protecting 
homes from wildfires), the spread of invasive plants onto the Gila NF, the loss of access to public lands for 
recreation, the loss of wildlife habitat and wildlife movement corridors that cross private-public land 
boundaries, and the potential for conflict among user groups (Headwaters Economics 2015b). 
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It is now common to have a large number of homes, second homes, and vacation homes bordering public 
lands in the western United States.  Since wildfire is a natural disturbance on western public forests, these 
homes are especially vulnerable to the risk of wildfire, and are considered within the wildland urban 
interface (WUI).  Prolonged drought over the past 15 years (see Chapter 6: Water for more details) has 
increased the risk of more severe and intense wildfire.  Catron, Grant, Hidalgo, and Sierra counties each 
have County Wildfire Protection Plans (CWPP), which seek to manage residential growth in WUI areas, 
promote partnership and collaboration, and identify and prioritize hazardous fuels reduction areas.  Six 
percent (1,726) of the homes found within the four-county area are located in WUI areas.  In recent years, 
the Gila NF has planned and implemented many projects that specifically decrease the risk of wildfires 
within these areas (e.g., prescribed burning and mechanical treatments to reduce fuels).  See the 
discussion on WUI in the Chapter 10: Social, Cultural, and Economic Conditions. 

Influences of Land Ownership on Social and Economic Conditions 
With approximately 69% of the area owned by Federal and State governments, the multi-county area of 
Catron, Grant, Hidalgo, and Sierra counties often lacks private land within and adjacent to existing 
communities for expansion and sustainability.  Because so little of the multi-county area is in private 
ownership, land ownership has a strong influence on social, economic, and ecological conditions.  The tax 
base in these counties is very limited, due to the lack of land that is able to be developed.    

This area’s unique land ownership pattern also acts as a draw for hundreds of thousands of visitors to the 
Gila NF each year.  Visitors to the Forest and counties generate tourism, recreation-related jobs, and 
provide tax revenue for local governments.  Expanding recreational uses both on and off the Forest has 
the potential of impacting adjacent private lands via trespass or resource damage.  Payments are made by 
the federal government to state and local governments to compensate for non-taxable federal land within 
their borders (e.g. Payment in Lieu of Taxes-PILT).  See Chapter 10: Social, Cultural, and Economic 
Conditions for more details on these programs as well as the economic contributions of public lands to 
local economies. 

Land Status 
Land status is defined as the ownership record of title to lands, including withdrawals, rights, and privileges 
affecting or influencing the use and management of National Forest System (NFS) lands.  For NFS lands, 
land status refers to the use or specific designations of a geographic area that provide general guidance 
and policy for the management of a defined geographic area.  This guidance can take the form of use 
restrictions (e.g., withdrawals or dedication) and encumbrances (e.g., rights-of-way acquired or granted, 
reservations, outstanding rights, partial interests, or easements).  Land status differs from land ownership.  
Land ownership refers to the ownership of land and interests in land; whereas, land status refers to the 
legal character or condition of the land. 

Certain portions of National Forest System lands on the Gila NF and Apache-Sitgreaves NFs along the New 
Mexico/Arizona state boundary are administered by the adjacent National Forest due to being a part of a 
grazing allotment overlapping both states and the difficulty of accessing these lands from the parent 
National Forest (Figure 192).  This administration is authorized by a “State Line Agreement,” which was 
originally instituted in 1979 and later amended by the respective Forest Supervisors. 
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Figure 192. “State Line Agreement” areas administered by the adjacent National Forest along the 

NM/AZ boundary 

The Gila National Forest also administers the portion of the Apache National Forest that is located in New 
Mexico (Figure 193), as well as designated Federal lands owned by the Veteran’s Administration that are 
part of Fort Bayard (Figure 194).  For purposes of clarification, “Forest” or “Gila National Forest” used 
throughout this report consists of all lands designated as the Gila NF and those lands it administers.  
“Administration” means that the portions of the Apache National Forest and Fort Bayard fall under the 
management direction outlined in the Gila Forest Plan. 

The Apache National Forest split its administration up in 1971, where the New Mexico portion went to the 
Gila National Forest for administration, and the Arizona portion was combined with the Sitgreaves National 
Forest to form the Apache-Sitgreaves National Forests.  The Gila National Forest combined with the New 
Mexico portion of the Apache National Forest and are managed as one National Forest.  The use of 
“Apache National Forest” is only referred to when it is necessary to describe its location within a legal 
manner.  In the National Forest System, the size of the supervisory administrative units has often been 
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adjusted for efficiency and effectiveness.  In many cases, two or more Forests are administratively 
combined and assigned to one supervisor’s office.  Since these combinations do not change the formal 
individual names of the Forests, or their boundaries, or the goods and services produced, there has been 
no need for congressional action regarding them (Davis 1983).   

 
Figure 193.  Proclaimed Gila and Apache National Forests that are administered by the Gila 

National Forest along with the current District Boundaries 

Fort Bayard area started as a military reservation in 1869 consisting of approximately 8,200 acres and then 
in the early 1900s, the War Department added more acreage to the area.  In 1941, the Fort Bayard area, 
excluding 640 acres which consisted of the hospital and associated facilities, was entrusted to the custody 
of the Department of Agriculture, through the Forest Service.  Also there is an area composed of 
approximately three sections of land at Fort Bayard that is designated as Federal land that is classified as 
Veteran’s Administration property, which was transferred by this government agency to the administration 
of the Gila NF in 1954 (Figure 194).  The land has remained in the control of the Department of Agriculture 
with the exception of some sales to the State of New Mexico and adjacent community of Santa Clara. 
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Figure 194.  Other Federal lands administered by the Gila National Forest near part of the former 

Fort Bayard 

Land Status and Boundary Management 

Boundary Issues 
Boundary problems on the Gila National Forest have generally resulted from the remoteness, terrain, and 
associated accessibility of the Forest area.  All original survey work for township and range lines ceased in 
the early 1900s.  Very few of the corners from the original surveys were able to be located.  Lack of well-
established boundary corners and markers adjacent to and within the Forest during the homestead period 
has resulted in boundary line disputes as new surveys with better technology are completed.  

In the past, property disputes between land owners generated numerous complaints to the General Land 
Office.  These complaints by land owners have resulted in independent resurveys by the BLM and General 
Land Office over the years to fix the boundary lines.  This independent resurvey authority is still used today 
by the BLM and by Forest Service surveyors to fix problem areas. 

Many of the corners that define the Gila National Forest boundaries need to be established or re-
established.  Some of these corners are missing due to substandard original surveys that have yet to be 
addressed by the Forest, while others are missing due to natural and human forces.  In addition to the 
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backlog of land boundaries to be defined, none of the administrative boundaries such as wilderness area 
boundaries have been surveyed and posted by a licensed Forest Service surveyor on the ground.  Most of 
these administrative boundaries have been signed and posted by USFS employees that are not surveyors 
or under the direction of a surveyor, therefore these posted lines should be considered unofficial and for 
maintenance purposes only.  These boundary issues have resulted in title claims and encroachments. 

Title Claims 
A title claim is a dispute over who owns the title to a parcel of land, i.e., two or more parties are claiming 
title to the same parcel of land, or interests in land.  The nature of the private land ownership in and 
around the Gila National Forest has predominantly been composed of large ranching and mining interests.  
The mining interests have for the most part surveyed and maintained their boundary lines to protect the 
valuable minerals that they wish to extract below the ground.  The large ranches that surround the Forest 
are comprised of multiple parcels of land that are generally separated by either BLM or Forest Service 
administered lands.  These parcels are associated with grazing leases on the federal lands that surround 
them.  Since the ranchers run their cattle on both the federal and private lands, fences are located and 
maintained based on the locations of water and forage more than they are on the location of federal and 
private lands.  In some areas in and around the Forest, the nature of the ownership has changed from 
large ranches to smaller ranches and single family ownerships.  As the nature of the ownership has 
changed, the attitude towards the land and the desire to define the boundaries has changed as well. This 
change in ownerships and attitudes has resulted in many ownership or title claims throughout the Forest.   

Encroachments 
An encroachment is the act of trespassing upon the domain of another.  It is the partial or gradual 
displacement of an existing use by another use.   There are numerous cases of encroachments throughout 
the Forest such as a portion of a building thought to be completely located on private property, but actually 
found by a survey to be partially located on the National Forest.  Many of these property trespasses are 
innocent, due to the lack of known landlines on the ground or mistaken assumptions that a particular area 
was owned by another party.  Encroachment issues are typically identified when a property adjacent to 
the Forest is sold and a survey is completed.  Rectifying these mistakes can be expensive and time 
consuming.  The responsible individual(s) creating the encroachment may have to pay to remove the 
property from the National Forest, as well as clean up the site of the infraction. 

Mineral Entry 
The Forest is open for mineral entry, unless a parcel is specifically designated as withdrawn. A withdrawal 
is: (1) A management tool for setting aside an area of NFS land from entry, or for limiting activities. (2) 
Withholding an area of Federal land from settlement, sale, location, or entry, under some or all of the 
general land laws, for the purpose of limiting activities under those laws in order to maintain other public 
values in the area, or reserving the area for a particular public purpose or program.  Lands that have been 
designated as wilderness areas are withdrawn from mineral entry, under the mining laws and from 
disposition under all laws pertaining to mineral leasing (Wilderness Act of 1964). Mineral resource surveys 
were conducted to evaluate the mineral potential of areas prior to wilderness designations for the Gila 
Wilderness, Aldo Leopold Wilderness, and the Blue Range Wilderness (Figure 195).  The Forest has also 
withdrawn mineral entry in other specifically designated areas to avoid interference with the main use or 
objective of the specific designation.  This includes administrative sites and developed recreation sites. 
Some large waterpower withdrawals exist that would allow for future dams and adjacent water storage, 
however, these hydropower proposals are not currently being evaluated or planned.  Appendix F contains 
all the areas withdrawn from mineral entry.  A review and evaluation of all of the existing Gila NF mineral 
withdrawals is currently necessary.   
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Figure 195. Wilderness Areas and Wilderness Study Areas on the Gila National Forest 

Trends Affecting Land Status 
Forest lands near or adjacent to communities or inholdings may receive concentrated uses due to 
proximity and ease of accessibility to participate in such things as recreating, hunting, or collecting 
fuelwood.  Associated with some of the larger communities or inholdings are access roads, communication 
and power lines, and water conveyance structures for irrigation or domestic water uses.  As larger 
inholdings have subdivided, there has been additional requests for access and sometimes expansion of 
utility corridors on Forest lands.  The Forest will authorize these type of uses under a special use permits 
(see later section on Special Uses).   

Due to its immense size, the Gila National Forest has a huge task of identifying all of its property lines, 
boundaries, and locations of its designated areas.  Available funding to accomplish this work is not 
adequate to maintain what boundary posting needs currently exist.  This contributes to the current 
situation of numerous occupancy and trespass issues scattered throughout the Forest.   

Influence of Land Ownership Status on Social, Economic, and Ecological Conditions 

Land status can restrict certain activities on Gila NF lands.  Most notable of these are areas that are 
withdrawn from mineral entry, which eliminates commercial mining activity in those areas.  Conversely, 
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these same designations can provide additional opportunities for the public (see Chapter 13: Designated 
Areas and Chapter 12: Recreation). 

Land Use 
Land use describes the activities to which the land is devoted, such as residential, commercial, industrial 
or agricultural uses usually described for private lands, and current land allocations and the uses permitted 
for NFS lands, such as grazing, mining, recreation, administration, etc.  There are often several land uses 
occurring simultaneously on many areas of the Gila NF Forest.  The land base of the Gila NF is comprised 
of a vast multi-dimensional terrain having a wide variety of resources.  Within this land base there is a 
multitude of ownerships, as well as many resources to be shared, used, and enjoyed by the mix of private 
land residents and Forest visitors.  The goals and objectives of the Forest are to continue to provide its 
resources for public use and enjoyment without harming the integrity of the area or its resources.   

Currently 2.6 million acres of the 3.3 million acres of the Gila National Forest are managed for livestock 
grazing.  Other uses such as mining and timber harvesting occur on smaller scales while hunting and 
recreation uses are widespread, but can have localized impacts.  Resources are protected from land uses 
via evaluation through NEPA or special use permit processes to ensure the continued integrity of the 
affected Forest resources.  Many times potential impacts can be mitigated through Forest Plan 
components, best management practices and other permit/project conditions. 

Land Use Policies 
A recent review was conducted of the plans of counties and other governmental entities adjacent to the 
Gila NF.  The following section examines the context of the regional entities from a land use perspective. 

Gila National Forest Plan 
The 1986 Gila Forest Plan (USDA FS Gila NF 1986) is the principal document that guides Forest managers' 
decisions about management of the land and resources.  The 1986 Forest Plan identifies how resources 
will be managed Forest-wide, through a set of management prescriptions for each resource.  The Plan 
currently subdivides the forest into geographic management areas.  These areas specify management 
prescriptions for the more focused management of resources in a given area.  Forest-wide prescriptions 
supplement and support the prescriptions for management areas.  The Gila National Forest is currently in 
the process of revising the 1986 Forest Plan. 

Other Neighboring Federal Land Management Agencies 
The Apache-Sitgreaves National Forests revised Forest Plan was published in 2015 (USDA FS A-S NFs 2015).  
Key provisions in the 2015 Plan provide guidance to restore and/or maintain 14 vegetation types occurring 
on the Forests, resulting in a return to natural fire regimes, a reduction of excess tree densities, and a 
sustainable supply of wood products.  Also addressed are the restoration of key watersheds and riparian 
areas to proper functioning condition, and the maintenance/restoration of key habitats for fish and 
wildlife.   

The Bureau of Land Management has lands adjacent to the Gila National Forest.  The Las Cruces District 
Office is located in Las Cruces, NM.  The Las Cruces District released a draft Tri-County Resource 
Management Plan (RMP) in 2013 encompassing Sierra, Otero, and Doña Ana Counties.   The Mimbres RMP 
(1993; currently under revision) encompasses Doña Ana, Grant, Hidalgo, and Luna Counties.  The Socorro 
Field Office RMP (2010) encompasses Catron and Socorro Counties. These RMPs provide broad-scale 
direction for the management of public lands and resources using principles of multiple use and sustained 
yield.  

  

https://fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3851851.pdf
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Counties 
There is a wide range of different planning and land use strategies in the adjacent counties.  The impact of 
the Gila NF varies throughout the region, with the variation related to the proportion of the county that is 
NFS land, as well as the different relationships of county economies to areas in Federal ownership. 

Catron County adopted its Catron County Capital Improvement/Comprehensive Plan in 2007.  Planning 
areas include land use (including interface with public lands), water, infrastructure and transportation, 
housing, public safety (including the CWPP), and economic development.  Catron County is predominantly 
rural in character, and its comprehensive plan reflects the County’s commitment to maintaining traditional 
economic structures of mining, timber, ranching, and recreation.  A key issue is ensuring that land is 
available to support future development given the limited amount of private land available.  Other 
implementation measures include outdoor recreation/tourism promotion, revival of the timber industry 
with a focus on smaller diameter trees and wood products, localized CWPPs by community, WUI area fuel 
treatments, and forest health community outreach.  

Grant County adopted its Grant County Comprehensive Plan in 2004.  This Plan emphasizes preserving the 
county’s unique natural and cultural elements, while meeting current and future needs, to maintain and 
improve the quality of life for long-term established residents and newcomers.  The Plan includes policies 
to partner with the Gila National Forest in watershed management, tourism promotion, fire prevention, 
and WUI fuel load reduction. 

Hidalgo County adopted its Hidalgo County Comprehensive Plan update in 2011.  There are seven 
elements including land and water, economic development, housing, transportation, 
infrastructure/community facilities, hazard mitigation, and implementation.  Hidalgo County has a 
tradition of ranching, farming, and mining uses.  The Plan mentions the risk of large-scale flooding in the 
Virden Valley due to post-fire effects in the upper Gila watershed on the Gila National Forest. 

Sierra County has a Sierra Country Comprehensive Plan dated 2006.  The Plan suggests several ways to 
foster more communication and collaboration between local government and federal land management 
agencies including regular meetings around areas of mutual interest, cooperating agency status, data 
sharing agreements, and collaborative partnerships.  Other Plan issues related to the Gila National Forest 
include WUI area fuel treatments, watershed restoration, small diameter wood utilization, forest products 
infrastructure, Sierra CWPP implementation, obtaining access easements, working with permittees during 
droughts, and “initial screening process for new subdivisions/development within inholdings on the Gila 
National Forest.” There is also an Interim Land Use Policy of Sierra County (No. 91-00) that calls for closer 
coordination between federal, state, and local governments concerning land use planning, land 
acquisition/disposal/exchanges, and land adjustments.   

Soil and Water Conservation Districts 
The State of New Mexico has encouraged Soil and Water Conservation Districts (SWCD) to write land use 
plans (LUPs) to promote responsible and effective use and management of the soil and water resources in 
the SWCDs.  Sierra SWCD has drafted a LUP which was adopted in 2014 (Sierra SWCD 2014).  The San 
Francisco SWCD adopted their LUP in 2013 (San Francisco SWCD 2013).  The Grant SWCD provided a 5-
year Plan of Action that includes many land use concerns and proposed actions (Grant SWCD 2014).  Other 
SWCDs containing portions of the Gila National Forest in their boundaries include Caballo, Hidalgo, 
Quemado, and Salado SWCDs.  The Forest will continue to engage and work with SWCDs to mutually 
benefit the conservation and land use efforts of these entities. 

State of New Mexico 
The New Mexico Statewide Natural Resources Assessment and Strategy and Response Plan was issued in 
2010 (NM EMNRD 2010).  The Plan guides the planning and implementation of natural resource 

http://swnmcog.org/images/Catron_County_Comprehensive_Plan_3-07_Complete_Final.pdf
http://swnmcog.org/images/Hidalgo_Comp_Plan_Dec_2011.pdf
http://www.jkagroup.com/Docs/clients/sierracounty.pdf
http://www.emnrd.state.nm.us/SFD/documents/New_MexicoNatural_ResourceAssessment.pdf
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management and restoration activities for the state.  The Plan also provides strategies of working with and 
integrating resources across boundaries with federal, tribal, and private landowners.  Watershed health 
and restoration, healthy urban and community forests, and enhanced public benefit from the states 
natural resources are the primary components of the Plan. 

Influence of Land Use Planning on Social, Economic, and Ecological Conditions 
Due to the large amount of non-private land in Catron, Grant, Hidalgo, and Sierra counties, changes to 
zoning by the public land management agencies could have a significant influence on both the social and 
economic conditions in these counties.  The amount of private land is such a low percentage of the 
counties that their tax base is very limited. Any changes, particularly acquisition of private land by public 
land management agencies, could appear to influence the counties’ revenue.  However, Payments in Lieu 
of Taxes (PILT) could offset some of these losses (see Chapter 10: Social, Cultural, and Economic 
Conditions).  The counties’ relatively large physical size can strain their ability to provide services. 

Public lands that have been or could be withdrawn from mineral development may impact the economic 
well-being of the counties, as these withdrawals have the potential of reducing or eliminating commercial 
mining or leasing activities and the income associated with them. Any changes to zoning across the area 
of influence in regards to commodity resources could result in negative impacts to the surrounding 
counties’ economic and social conditions.  In addition, any changes that cause a reduction in commercial 
enterprise on public land could have negative impacts on the economy of the counties. 

Special Uses 
Special uses are those primarily conducted by a single individual, a small group of people, a corporation, 
a university or another government agency which has a particular need to use a portion of the Forest 
without harming the integrity of the land base.  These uses are authorized on a temporary or term basis.  
Some authorizations may be issued to a corporation for a use which may directly benefit the public (e.g. 
powerline).  The issued authorization has limits and restrictions to help ensure that the use stays within 
the guidelines of laws and regulations governing management of National Forest lands. 

In order for a special use permit to be issued, a review process is conducted including an environmental 
review to ensure that the proposed special use meets laws and rules, and protects resource integrity. 
Providing adequate biological assessments & evaluations, cultural resource clearances and engineering 
assessments and designs for permits involving ground disturbing activities are the responsibility of the 
special use applicant. 

Cost recovery fees are required60 for work conducted by the Forest Service for review and analysis of a 
special use application and resource reports.  These fees are for the cost of Forest workers and specialists 
who are needed to study and evaluate the special use proposals.  An assessment of the amount of time 
to accomplish the task is determined and assessed to the proponent of the project. 

Special Use Authorizations are written permits, term permits, leases, or easements that authorizes use or 
occupancy of NFS lands, and specifies the terms and conditions under which the use or occupancy may 
occur.  The Forest Service divides the management of special uses into two categories: recreation special 
uses (see Chapter 12: Recreation) and non-recreation (i.e. lands) special uses.  The Gila National Forest 
has issued hundreds of special use permits related to lands.  These authorizations include irrigation 
ditches, weather instrument locations, communication sites, access roads, electric transmission and 
distribution utilities, and scientific research among many others. 

                                                      
60 Some special uses are exempt from cost recovery. 
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The direct and indirect value and influence of NFS lands for delivering goods and services is critically 
important to the public at local, regional, national, and even international levels.  Utility corridors 
accommodate high pressure natural gas pipelines for industrial, commercial, and domestic purposes; high-
powered transmission lines provide for interstate transfer of electricity; as well as distribution lines for 
power delivery to local homes and businesses.  Communication sites accommodate rapidly evolving 
wireless technology, while at the same time providing critical radio communication for safety and security 
needs. 

The Forest has no designated utility or transportation corridors across the Forest other than the individual 
alignments of any one particular use.  The reasoning for this is that the existing utility companies are not 
coming and going in similar directions to help encourage a consolidated route or corridor.  Power and 
energy corridors and large utility sites need to be well-planned and coordinated.  The following linear 
utilities cross portions of the Forest to transmit and/or distribute their current, signal or resource to areas 
off and/or within the Forest boundary.    

Electric Transmission 
El Paso Electric (EPE) (Arizona Interconnection Project – AIP)  
Tucson Electric Power (TEP) 
Public Service Company of New Mexico (PNM) 
 
Electric Distribution 
Navopache Electric Cooperative (NEC) 
Public Service Company of New Mexico (PNM) 
Sierra Electric Cooperative  
Socorro Electric Cooperative 
 

Natural Gas 
Gas Company of New Mexico 
 
Telephone Lines 
Century Link 
Western New Mexico Telephone Company (WNMTC) 
Windstream Communications 
 

Communication Sites 
There are currently 18 designated communication sites located on the Forest which are compatible for 
low power administrative, government and/or commercial electronic communication use (Table 225).    
There are no sites currently identified on the Forest as suitable for high power commercial communication 
installations, which are typically high power radio and television broadcasters. 

Since 1990, radio and wireless technology has evolved at an extraordinary rate.  However, no new studies 
by the Forest Service have been conducted to determine if new communication sites should be added to 
the Forest.  There have been individual studies by local entities to propose additional single client uses for 
areas outside of the delineated area for existing communication sites.  Further, the Gila NF has low power 
sites which are limited to a maximum radio power output of 500 watts of effective radiated power that 
have been identified for commercial use.  These sites may only be suitable for administrative use. Other 
low power sites have senior users (like the Federal Aviation Administration) which have very little room 
for additional uses due to potential interference, thereby limiting otherwise compatible uses. 
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Lack of cell phone service in certain areas is an issue affecting safety, visitor perceptions, and economic 
development.  Because of the rapid pace of technological advancement, the high economic value that 
communication sites represent, the finite number of both low and high power sites and the significant gap 
in time since any analysis was conducted, a thorough analysis is necessary to determine how to best serve 
administrative and commercial needs, while also protecting natural resource objectives.  Industry should 
be included in this analysis, and it is likely that the expertise necessary to perform the analysis is not 
available on the Forest and may need to be outsourced or contracted.  Some topics like Homeland Security 
requirements and the inherently high risk nature of tower management have never been considered in a 
thorough analysis.  In other instances, the Forest Service encourages shared facilities to be used in 
common wherever possible.  This co-location would help accommodate more uses within the finite space 
available at communication sites.   

Communication Site Plans are being developed by the Gila NF at sites with the most users.  These Plans 
facilitate the administration of the area, and once an analysis of the type of use within the area has been 
conducted, updates and new uses are easier to get approved.  The priority of developing a Communication 
Site Plan is based on the number of users on a particular site.  Those sites with only one or a couple of 
users may not necessitate the creation of a Communication Site Plan. 

Table 225. Designated Communication/Electronic Sites on the Gila National Forest 
Name Ranger District Communication Site 

Plan in place?* 
Apache Mountain Quemado No 
Black Peak Silver City No 
Boundary Silver City No 
Copperas Hill (Peak) Wilderness Yes 
Divide  Silver City No 
Emory Pass  Black Range No 
Forks  Wilderness No 
Fox Mountain  Quemado Yes 
Glenwood Brushy  Glenwood Yes 
Jack’s Peak Silver City Yes 
Luna C.O. Quemado No 
Luna Passive Quemado No 
Mangus Mountain Quemado No 
Mimbres Passive Wilderness No 
Radar Brushy Glenwood No 
Signal Peak Silver City No 
St. Cloud Black Range No 
San Francisco Divide Mountain Quemado Yes 
* Most of the communication sites without Communication Site Plans consist of one or two users, which may not 

necessitate a plan. 

 

Access 
Visitor accessibility to the Gila NF by way of federal, state, and county roads from outside the National 
Forest is good (see Chapter 14: Infrastructure).  Within the Gila NF, motorized access on the 3,334 miles 
of NFS roads is available as designated on the Forest Motor Vehicle Use Map (MVUM). 

While there are thousands of miles of NFS and other roads (county, state, other federal) on the Gila NF, 
there are some access issues primarily associated with private inholdings on the Forest.  The sprinkling of 
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parcels of private land along major travelways and water corridors can make access to desirable areas of 
the Gila NF sometimes difficult to obtain.  The Gila NF lacks rights-of-way across some private lands and 
may not have a feasible alternative to accommodate a new route around the private land due to 
topography and/or funding.  The Gila is looking to acquire easement/permits across private land for public 
access where possible. 

Rights-of-Way 
For most of the history of the Forest Service, access methods to areas of the Forest were mainly a product 
of the need, desirability, terrain, and cost of construction.  Access routes are normally broken up into two 
categories: roads and trails.  The trails are used for pedestrian and equestrian/horseback use, while roads 
are used for vehicles (originally constructed for the use of wagons and later motorized vehicles).  Most of 
the access routes on the Forest were a product of the type of use.  Road construction was often initiated 
by the need to access private property and/or remove a forest product from the Forest. This later resulted 
in engineered constructed roads to meet the needs of motorized vehicles for increasing speeds, as well as 
supporting large heavy transports loaded with commodities, and making the route smoother to travel on.  
Many roads also resulted from travel to and from tracts of private land within the boundaries of the 
National Forest.  Access to private property was and remains an important purpose for roads within the 
Forest.  Roads were initiated by use across the land, usually in a route which was the closest distance from 
point to point in good terrain.  Sometimes these routes crossed over other parcels of private land to get 
to the final destination.  At the time, there usually wasn’t a problem with a particular road crossing other 
parcels of private land without a document of authorization, easement or right-of-way.  This is no longer 
the case.  It is now commonplace for owners of private property to restrict public travel across their parcel 
of ownership.  Because of this change, the Forest Service is behind in acquiring legal easements for many 
of the Forest roads and trails which are currently routed across parcels of private land.  This issue is 
especially prevalent on the Black Range District. 

The backlog of easement needs is quite extensive for the limited budget the Forest Service is allocated for 
right-of-way (easement) acquisitions.  Prioritization of these needs is continually being made.  These 
priorities are fluid, as needs continue to arise or change for various reasons.    Donations of easements are 
a way the agency can acquire a right-of-way.  However, donations of rights-of-way and property to the 
Forest Service are not common. 

At this time, right-of-way acquisitions are unpredictable due to the dependency on willing sellers or 
donors.  It is useful to determine the highest of priority right-of-way acquisitions that are needed, as well 
as which landowners may be agreeable to negotiate an agreement.  Sometimes, priorities are weighted in 
the favor of agreeable landowners since these cases are more likely to be processed and completed if 
there is a willing seller. 

Public access is not solely dependent on the Forest Service acquiring easements.  By law, county roads are 
open to the public.  As subdivisions are created, some of the subdivision roads are dedicated to public use 
though dedication of the roads to the county.  The local counties have also desired to take over the 
operation and maintenance of many Forest roads.  This allows the county to receive funding from the State 
to be used for road maintenance. 

Private Land Access 
Reasonable access to private land is a right granted by the Alaska National Interest Lands Conservation Act 
(ANILCA 1980), which applies to other states besides Alaska.  However, this right only applies to a private 
inholding (i.e. a parcel of private land completely surrounded by NFS land).  It is incumbent upon the owner 
of the original patented tract of land (prior to its subdivision or parceling off) to provide access to the 
pieces of property which is or was originally broken off from it. 
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In essence, while the Forest Service may be required to allow access, this requirement is not unqualified.  
Within NFS boundaries, the Gila NF is legally obligated to allow physical access to private property that is 
identified as an inholding.  The Forest Service is not required to physically construct an identified access 
route or to absorb the construction cost.  The manner in which access is provided to a private inholding is 
a discretionary management decision, and is based upon the individual case circumstances.  The Gila NF 
is not required to authorize access in a manner that would degrade natural resources.  For example, if a 
property has historically been accessed via a riparian area and that manner of access is causing resource 
damage, an alternative means of access and location may be substituted and allowed instead.  The Gila 
NF can also dictate the location of a new access route across its land.  If a tract of land is already accessed, 
substituting the existing route for another route across NFS land is subjective and the decision to permit 
the new route is entirely up to the Forest Officers.  

It is the responsibility of the owner of a particular property to obtain access from adjacent private lands.  
Once a private patented inholding property is accessed by a road, the entity subdividing a parent parcel is 
obligated to provide access to the new parcel, which is broken off from the original patent.  It is not 
incumbent on the Forest Service to provide access to every ownership parcel because of convenience, or 
because an owner of a parcel does not desire to share his property for access to another adjacent parcel, 
or to avoid an environmentally difficult access route within the property.  The Gila NF will work with owners 
of inholdings desiring access across NFS land where no access exists.  Construction and maintenance of 
this access will be the responsibility of the owner.  The route used and mode of travel will be determined 
by the Gila NF and will be in compliance with the laws of the designated land.  This means that a 
constructed road may not be permitted where motor vehicle use is prohibited, but only trail access may 
be considered reasonable access. 

While the Gila NF is required to authorize access to inholdings, a similar requirement does not exist for 
authorizing power to private lands.  The ever-expanding spread of power distribution lines is closely 
aligned with the similarly expanding WUI areas.  In addition to providing service to existing primary home 
sites and recreational properties, the Gila NF receives requests for extensions into new areas which have 
the potential to dramatically alter the landscape with a proliferation of WUI areas.   

Developers of recreational and rural home sites typically request that power be extended to their 
properties.  However, the proliferation of above-ground distribution lines, which may be maintained by 
small rural electric cooperatives, has left a landscape compromised by significant wildfire threats from 
possible downed powerlines.  These rural co-ops are suffering maintenance challenges with aging 
infrastructure, increasing right-of-way costs, and rate structures driven by local economic conditions.  The 
result has been several significant wildland fires within the Region (although not on the Gila NF) caused 
by downed trees hitting powerlines, resulting in extensive damage, controversy and legal/financial 
challenges.   

Although regulation of private lands is not the responsibility of the Forest Service, it is responsible for 
managing NFS lands as they are used to develop private lands.  There are reasonable and justifiable natural 
resource-related motivations for making improvements, such as reducing visual impacts and minimizing 
forest fires (e.g. by burying powerlines), and more stringent requirements associated with roads used for 
subdivision purposes.  Subdivisions created under the family subdivision exemption often create difficult 
or unmanageable demands on local governments.  If local governments are unable to support unregulated 
growth by maintaining these road systems, then access across NFS lands could be delayed until the local 
governments are prepared to handle the growth.  The Forest Service needs to meet its ANILCA-based 
requirements for authorizing access, but it also must manage the rate of WUI expansion in coordination 
with county governments.  Failure to recognize and act on these trends has the potential to seriously affect 
management of natural resources on the Forest. 
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Trends Affecting Access in the Broader Landscape 
Access controlled by the State and counties is not expected to change dramatically in the near future.  For 
access controlled by the Forest Service, the Gila NF will implement the travel management decision that 
was released in June 2014, which involves signage, Motor Vehicle Use Map (MVUM) distribution, 
education, and enforcement.  Designated roads, trails, and areas open for motor vehicle use are identified 
on the Gila NF MVUMs.  The Gila NF MVUMs currently identify 3,334 miles of NFS roads open for 
motorized use.  Roads not selected as part of the designated system will be used administratively or by 
written authorization, or will be stored for future use or decommissioned.  The status of these stored roads 
will be evaluated during future project planning, as needed. 

Historically, many landowners have been willing to provide access to public hunters and recreationists 
across their private lands. Personal relationships were established, and respect for private property was 
demonstrated.  Unfortunately, this traditional access has diminished as changing patterns of 
landownership have eroded the personal relationships between landowners, hunters, and recreationists.  
Landowners now often perceive recreationists as trespassers who are disrespectful of their private 
property rights, or sometimes lack an understanding of simple courtesies like closing gates and not scaring 
livestock.  Many access opportunities have been lost across private lands due to historic landownership 
patterns, changing private ownership conditions, and a lack of established, legally defensible access across 
private lands.  Inadequate access to public lands impacts a wide range of outdoor recreation activities, 
including hunting, hiking, camping, viewing scenery and wildlife, horseback riding, fishing, wilderness area 
use, and mountain biking.  People want to use their public lands and are becoming sensitive to restrictions 
on that ability.   

Influence of Access on Social, Economic, and Ecological Conditions 
The Gila NF occupies much of the land that provides for the traditional and cultural uses of local 
communities and families.  Generations of users have relied upon the Forest for firewood gathering, 
grazing lands, and hunting. These traditional and cultural uses contribute to the social fabric and support 
the economies of the families and communities who live near the Forest.  As land ownership changes 
around the Forest, there is a potential threat that access to tribal, cultural, and sacred sites on the Forest 
may be impacted.  Access to both recreational and commercial facilities has a great influence on social 
and economic conditions.  

Opportunities to Provide Open Space Connections 
The Forest shares boundaries with other federal, state, and private lands.  The Gila Cliff Dwellings National 
Monument, administered by the National Park Service, is surrounded by the Gila NF.  The Bureau of Land 
Management has a significant amount of land surrounding the Gila National Forest boundary.  The Gila NF 
manages about 254 miles of the Continental Divide National Scenic Trail.  The trail traverses the length of 
the country from Mexico to Canada and provides an open space connection for the public.  The majority 
of the trail is complete and provides a unique opportunity to hike and experience vistas in five states.  
There have been discussions on how to create a connector trail from Western New Mexico University in 
Silver City to the Continental Divide National Scenic Trail nearby on the Gila National Forest.  The Town of 
Silver City Trails and Open Spaces Plan (2002) includes a goal and action items to develop an area-wide 
trail system providing connectivity between neighborhoods, commute destinations, and open spaces 
including the Gila National Forest. 

Stakeholder Input 
People feel strongly about ensuring access to public and private property.  There is especially a concern 
over increased instances of locked gates blocking access over traditionally used roads.  This typically 
demonstrates a lack of easements for roads that have been traditionally used by the public.  Others have 
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noted a decline in private property in the counties, but when talking to people they still want additional 
access to public lands. When learning that certain properties are acquired to increase access, most people 
are content. 

Many people noted conversion of ranch properties to subdivisions.  There is strong interest in planning 
treatments in the WUI to reduce risk to private property from wildfire.  In addition, many people and 
emergency service providers desire cell phone and internet access for safety and communication purposes 
across more areas of the Forest even in remote and wilderness areas.  The airspace over the Gila NF is 
used by the military for training and overflight purposes, which can create conflicts with the wilderness 
experience as well as wildlife and livestock. 

People suggested that trail and road closures due to access issues be posted regularly on the Gila Forest 
website.  People also suggested that federal government agencies need to increase coordination with all 
stakeholders with respect to local landowners/leaseholders and their individual uses. 

After the release of the draft assessment report, some organizations expressed opposition to Gila NF 
purchasing private lands and suggested other mechanisms such as negotiated land exchanges or 
purchased easements to acquire public access while not reducing private land ownership and the tax 
base used to provide services.  Commenters also emphasized the importance of maintaining access to 
private inholdings and range improvements and other allotment activities. 

Summary 
Land ownership patterns are important because decisions made by public land managers may influence 
the local economy, particularly if public lands represent a large portion of the land base.    Communities in 
the four-county assessment area, Catron, Grant, Hidalgo, and Sierra Counties, are limited in their ability to 
grow and expand.  Communities and local governments rely upon the Gila NF and other federal and state 
lands for support of their economies, available clean water, and the products integral to supporting 
traditional and cultural uses.  The federal land agencies also make payment in lieu of taxes to the counties, 
which is a vital source of county revenue.  

Federal and state land managers, private landowners, and others are constrained in different ways by laws 
and regulations that dictate how different lands can be managed.  This can lead to adjacency challenges 
and opportunities.  Residential development has increased adjacent to many Forest boundaries, and 
adjacent at-risk communities in the wildland-urban interface have responded to the threat of 
uncharacteristic wildfire by developing community wildfire protection plans. 

A trending loss of access to Gila NFS lands has developed as a result of unwillingness of many private 
landowners to allow public access across their property to NFS lands.  The Gila NF desires to acquire road 
rights-of-way where possible to provide adequate access for public and administrative use. 
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Chapter 16. Energy and Mineral Resources 
Introduction 
This chapter identifies and discusses available information relevant to the assessment area for mineral and 
renewable and non-renewable energy resources. 

Energy and mineral resources provide ecosystem services that are important to people at a local and, in 
some cases, regional and even global scales. They are an important contribution to social, cultural, and 
economic conditions of the assessment area. This section identifies and evaluates: 

 The potential for renewable and nonrenewable energy sources on the Gila NF, such as wind, 
solar, coal, oil, or natural gas. Existing energy transmission corridors are also described. 

 Existing and potential nonrenewable mineral resources, such as locatable mineral deposits, 
leasable minerals, and mineral materials on the Gila NF and their production trends. 

 The presence and condition of known abandoned mines and existing geologic hazards in the 
Plan area. 

 Impacts of these resources on ecological integrity and species diversity. 

 The contribution of these resources to social and economic sustainability. 

Ecosystem Services of Renewable and Nonrenewable Energy and 
Mineral Resources 
Within the region, a variety of resources have provided energy or mineral materials to meet the needs of 
the country and the world.  Energy and mineral production provide the raw materials necessary to sustain 
the quality of life we all enjoy.  Along with the direct benefit of usable minerals or energy resources for 
homes, businesses and transportation, these resources provide economic benefits through jobs and taxes, 
and the cultural service of educational and research experience. 

Management of Renewable and Nonrenewable Energy and Mineral 
Resources 
The U.S. Mining and Mineral Laws authorize the appropriation of mineral resources on federal lands, 
including minerals located by mining claims, those obtained by mineral leases/contracts, and those 
disposed of by free-use or mineral sale.  Forest Service regulations designated by 36 CFR 228, Minerals, 
sets forth rules and procedures for use of the surface of the National Forest in connection with operations 
conducted under the U.S. Mining and Mineral Laws.  These regulations cover the use of the land surface 
for mineral prospecting, exploration, extraction and reclamation. 

The Southwestern Region of the Forest Service is party to a New Mexico state-wide Memorandum of 
Understanding (MOU), along with the New Mexico State Office of the Bureau of Land Management (BLM) 
and the New Mexico Energy, Minerals and Natural Resources Department, Mining and Minerals Division 
regarding the coordination of federal, locatable minerals administration in concert with the State Mining 
Act administrative regulations.  Under this MOU, most operations are jointly bonded to avoid duplication 
for operators and, when possible, joint operations visits are made.  Bonding is conducted to assure 
completion of reclamation of a site following an operation. The participating agencies share information 
regarding significant administrative actions and coordinate those actions where appropriate. 

For the assessment area, minerals and energy are very different types of resources. 
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• Minerals information can best be addressed specific to each commodity and geographic area 
where key minerals occur.  This is because for each mineral occurrence, the relevant 
information consists of an integrated mix of information about mineral type, extent, current 
activity, potential activity, trends and social economic and ecological sustainability information 
that is specific to that particular mineral resource occurrence and geographic area. 

• Energy resource information will be addressed for the assessment area as a whole, and will be 
organized by the relevant topics of information listed above. 

The likelihood for energy and mineral activities to be conducted within the assessment area is based upon 
the geologic presence of a particular mineral, as well as the type of mineral and the specific laws regulating 
legal access to the mineral.  Chapter 17: Land of this assessment report discusses land status classifications 
and how they affect mining and mineral administration activity. 

Access for locatable minerals is granted under the 1872 Mining Law, whereas for leasable minerals, access 
is only granted following an analysis through an area-specific NEPA process.  The interplay of several factors 
determines whether the minerals activity is discretionary (leasable) or non-discretionary (locatable) on 
the part of the Forest Service.  It is essential to know the class of mineral resource and the land status of 
the area in order to identify whether a legal right to the mineral resource may already exist. 

Before beginning the assessment, it is important to detail how all federal minerals (which include energy 
resources) are administrated as falling into one of three categories: locatable minerals, leasable minerals, 
or mineral materials.  Each of these categories of minerals is administrated under separate laws and 
regulations, and each requires a different means for the public to obtain these resources. 

Three Classifications of Minerals 
 Locatable minerals are, in general, the hardrock minerals mined and processed for metals (for 

example: gold, silver, copper, zinc, tin, and some types of non-metallic minerals), and rare earth 
elements, plus some “uncommon variety minerals”.  These minerals are called “locatable” because 
they are subject to mining claim location under the United States mining laws.  All public domain 
lands are available for locatable mineral entry under the 1872 Mining Law (as amended), unless 
the lands are withdrawn from mineral entry (and in such case they are not available for mineral 
activities).  Withdrawn lands include congressionally withdrawn areas, such as Wilderness, 
designated National Recreation Areas, Wild and Scenic Rivers, Resource Natural Areas and 
administrative withdrawals, such as campgrounds or administrative sites.  Areas also restricted for 
entry include “acquired” lands, which were once out of federal ownership and then acquired back, 
including the mineral estate.  Other than the above exceptions, the public may obtain locatable 
minerals by a mining claim through the BLM by staking a mining claim according to federal rules 
and regulations.  Access to these minerals will necessitate an approved Plan of Operation through 
the Forest Service. 

The discretion of the Forest Service to allow mining operations is governed by the United States 
Mining Laws, including the 1872 Mining Law.  The Forest Service has limited discretion regarding 
the development of locatable minerals on National Forest System (NFS) lands.  Specifically, the 
Forest Service cannot categorically deny an otherwise reasonable plan of operation for locatable 
minerals.  United States v. Weiss, 642 F.2d 296 (9th Cir. 1981).  The Forest Service does have the 
authority to deny an unreasonable plan of operations or a plan otherwise prohibited by law.  The 
Forest Service would return an illegal or unreasonable plan to the claimant with the reasons for 
disapproval and request submission of a new plan that addresses the issue(s) of concern.  The 
Mining Law, as amended, does not “trump” or preclude the application of any other 
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environmental laws, such as the Clean Water Act, the National Environmental Policy Act (NEPA), 
the Endangered Species Act, or the National Historic Preservation Act.  Though a proposal to mine 
may be allowed under the law, it is incumbent upon the Operator or proponent to provide a 
detailed Plan of Operation to layout the mitigation measures which will be incorporated with the 
action, so that the surface resources are minimally affected by the proposed operation. 

The 1872 Mining law has been amended multiple times by law (most notably to remove leasable 
minerals and saleable minerals as not subject to location on a mining claim). The U.S. Mining Laws 
have been defined through court cases and rulings such that the laws now provide considerable 
authority to land management agencies, including the Forest Service, to regulate all aspects of 
locatable mining operations by imposing conditions as part of any operating plan approval.  These 
conditions are developed and specified for each operation and are intended to reduce the impact 
of the operation to the resources of the National Forest.  An approved plan for reclamation of the 
area during and/or following the specific operation or portion of it will be required, as well.  
Bonding for this work is usually required in advance to insure the reclamation will be completed. 

 Leasable minerals are, generally nonrenewable energy resources including fossil fuels, such as oil, 
gas and geothermal energy sources.  These are important national energy resources.  Leasable 
minerals are defined by the Mineral Leasing Act of 1920, and include: coal, oil, natural gas, oil 
shale, sodium, phosphate, potassium, geothermal and (in New Mexico) sulfur.  Leases to extract 
these minerals from NFS lands are obtained through the BLM, with the consent or concurrence of 
the Forest Service to offer these mineral resources.  Once a BLM lease is issued, the Forest Service 
must allow resource extraction subject to the stipulations and conditions in the lease.  Discretion 
by the Forest Service of whether to allow use is exercised at the time of offering lands for lease.  
For coal, oil, natural gas, and geothermal leasing, the regulations require that decisions regarding 
the availability (and therefore suitability) of National Forest System (NFS) lands for leasing require 
a leasing analysis as set forth in 36 CFR 228.102.  Court decisions have affirmed that leasing 
availability decisions must be made with full NEPA disclosure. 

 Mineral Materials/Salable/Common Variety Minerals.  Mineral materials are also known as 
salable or common variety minerals.  These are synonymous terms for the class of minerals that 
can be sold under a mineral material contract.  These mineral resources are found “commonly” 
unlike precious metals, for example.  These minerals are relatively low value per volume, such as 
sand, gravel, cinders, common building stone, and decorative rock.  Many of the materials are 
used for road surfacing, landscape boulders and engineering construction or may be specialty 
resources such as soil amendments or decorative rock.  

These minerals are typically sold unless used internally by the Forest Service, by another 
government agency, or needed for ceremonial uses.  In these cases, they may be provided free of 
charge.  Non-commercial permits are sold to individuals for a small amount for personal use.  
Commercial use may require a public bid sale.  Issuing a permit for all types of salable minerals 
whether for commercial or personal use is discretionary on the part of the Forest Service. 

Locatable Minerals 
The Gila National Forest contains mineral resources, with metallic ores concentrated in the mountainous 
portions of the region often as a result of interactions between hydrothermal (hot water) solutions with 
host rock during volcanic activity (North and McLemore 2005).  Past mining for metallic minerals has 
primarily produced gold, silver, copper, lead, manganese, zinc, iron, and tin.  Historically, the 
concentrations of metallic ores found throughout in the area helped lead to populating the region as a 
whole.  Over a hundred years ago, the mountain regions of the Forest were the focus of intense 
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prospecting and mining.  The existing communities and former communities of Mogollon, Kingston, 
Grafton and Cooney are examples of communities which had large populations in their mining peaks and 
were located within the current National Forest boundary, but these lands didn’t have National Forest 
status at the time they were heavily populated.  These communities presently have very low to non-
existent populations.  The communities of Chloride, Pinos Altos, and Silver City, which are adjacent to the 
National Forest, also boomed as a result of mining.  They all experienced a major population growth and 
then a rapid decline, once the ore prices dropped and the mining boom ended.  Only Silver City has held 
out from the mining downturn to remain a robust, full-service community.   

Mining of metallic minerals is a supply and demand type of market prone to significant commodity price 
fluctuations. The Forest to this day experiences cycles of mineral interest when prices of metals increase 
nationally.  The deposits of minerals within the context area of the Forest are distributed in a number of 
known mining districts (Figure 196).  Future demand for locatable minerals will likely occur in and around 
these mining districts.  Table 226 lists the mining districts in the context area with past production and 
future potential.  As shown on the table, most of the districts are not presently active.  Any one particular 
mineral may or may not have high enough concentrations to facilitate an active mining operation.  
Economic feasibility is dependent upon many different situations, including concentration of the ore body, 
form of the chemical nature of the ore, value of the ore, access availability, location of a smelter or 
processing plant capable of processing the type of ore available, etc. 
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Figure 196. Mining districts in southwestern New Mexico with significant metal deposits. 

Table 226.  Significant metal deposits in the context area, by mining district, based on past 
production and known resources.  

Mining District 
Mine or 
Deposit 

Year of 
Initial 

Production 

Year of 
Last 

Production 

Estimated 
Cumulative 
Production 

Is There 
Future 

Potential 
Significant 

Commodities 
Bayard  1902 1969 >$60,000,000 no gold, silver, 

copper, lead, 
zinc 

Burro 
Mountains 

Tyrone, Little 
Rock, Niagra 

1879 present >$2,000,000,000 yes gold, silver, 
copper, lead, 
fluorite 

Chloride St. Cloud 1879 1988 $20,000,000 possible silver 
Chloride Flat Boston Hill, 

Chloride Flat 
1871 1946 $13,000,000 no gold, 

manganese, 
iron 
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Mining District 
Mine or 
Deposit 

Year of 
Initial 

Production 

Year of 
Last 

Production 

Estimated 
Cumulative 
Production 

Is There 
Future 

Potential 
Significant 

Commodities 
Fierro-Hanover Cobre, 

Hanover 
Mountain, 
Continental 

1889 1980 >$2,000,000,000 yes gold, zinc, 
copper, iron 

Georgetown  1866 1985 $3,500,000 no silver 
Hillsboro Copper Flat, 

Mesa del Oro 
1877 1982 $8,500,000 yes copper, 

molybdenum, 
gold, silver 

Kingston  1880 1957 $6,600,000 no silver 
Lordsburg  1870 1999 >$60,000,000 yes gold, silver, 

copper, lead 
Mogollon  1875 1969 >$25,000,000 possible gold, silver 
Pinos Altos Pinos Altos 1860 1997 >$11,000,000 yes gold, silver, 

copper, lead, 
zinc 

Santa Rita Chino 1801 present >$2,000,000,000 yes copper, gold, 
silver 

Steeple Rock Carlisle, 
Center, Jim 
Crow, 
Summit 

1880 1993 $10,000,000 yes gold, silver 

Taylor Creek  1919 1969 $7,500 no tin 
Economic and other factors must be considered before mining of most of these deposits can occur.  From McLemore (2005). 

Gold and Silver 
Gold and silver were mined heavily on the Gila NF and the context area in the late 1800s and 1900s.  There 
are still individuals classed as “recreational miners”, who pan for gold on the Forest (see the 
Noncommercial Mineral Collecting Activities section).  Recently, a mill operated on the Forest adjacent to 
Mogollon, NM in the 1980s.  The mill operated for a 10 year period extracting both gold and silver from 
numerous mines and waste locations on both the Forest and private land.  There are no production 
quantities available to report on what was milled and processed.  

Copper 
The area of Silver City and the Mining District (comprised of Bayard, Santa Clara, and Hurley) south of the 
assessment area is rich in copper from porphyry-copper and associated contact metamorphic (or skarn 
deposits).  There are three large open-pit copper mines operated by Freeport-McMoRan Inc. with parts of 
two of them (Tyrone and Cobre) directly adjacent to the Forest boundary.  Freeport-McMoRan Inc. is the 
largest employer in Grant County, NM.  However, when production is cut back due to the prices of the 
metal on the world market, employment suffers due to resulting layoffs.  Currently, the copper extracted 
from the ore bodies is being shipped all over the world with China currently being one of the main 
purchasers of the metal. 

Tin 
In the early 1990s an approved Plan of Operation for tin production was initiated for the Taylor Creek 
mining district.  The development of this resource stopped as the closest smelter for the ore was located 
in St. Louis, Missouri.  Other smelters would not accept the material because the ore was too pure. 
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Uranium 

Current Condition 
There are no active uranium mines or exploration projects on the Gila National Forest.  Uranium 
occurrences are primarily found in the White Signal, Black Hawk, Tyrone, and Telegraph mining districts in 
the Burro Mountains (McLemore 1983).  A few mines from these mining districts produced some limited 
uranium ore in the 1950s (McLemore 1983).  

Future Potential 
Most of New Mexico’s uranium reserves, and virtually all past production, are in northwestern New Mexico 
(Bland and Scholle 2007).  As global demand and prices have increased, there has been renewed interest 
from the private sector in uranium mining in New Mexico using conventional and in-situ leaching 
methodologies although this interest is predominantly focused in northwestern New Mexico (McLemore 
et al. 2013).    

Rare Earth Elements 

Current Condition 
Rare earth minerals, which contain rare earth elements (REE), are needed for cell phones, televisions, 
computers, iPods, video games, wind turbines, hybrid/electric cars, and solar panels.  The Burro Mountains 
in the Silver City District encompass a number of mining districts (Black Hawk, Gold Hill, Telegraph, and 
White Signal) with rare earth elements consisting of Proterozoic alkaline rocks and pegmatites (McLemore 
2015).  Currently, no proposed plan of operations to mine for rare earth minerals has been received by the 
Forest. 

Future Potential 
According to McLemore (2015), pegmatites in New Mexico are usually too small to be currently mined for 
rare earth elements, but residual placers from the pegmatites could have future potential. 

Kaolin 

An open pit mine for kaolin clay (Sierra Kaolin Project) on the Black Range District was approved in 2009 
in an area previously mined.  There has been no recent activity at this site.  

Silica (Quartzite) 

A mine currently exists on the Forest which supplies high quality silica rock, used principally as packing 
and rip-rap for drainage, transportation, and other infrastructure features vulnerable to degradation in 
acidic environments since acids do not react to silica (quartzite). Silica content in excess of 90 percent SiO₂ 
in surface mine-able quantities is rare, particularly near populated areas that are close to markets.  
Production figures have varied over the years but it is around 1500-2000 short tons per year.  Most of the 
material is used locally at the copper mines. 

Mineral Materials 
Current Condition 
Deposits of common variety minerals, including sand, gravel and rock are found throughout the 
assessment area and are concentrated in the drainages.  According to data collected by the Forest Service, 
the only mineral materials currently removed directly from the Forest are crushed stone and construction 
sand and gravel.  Between 2011 and 2013, an average of 16,305 short tons of crushed rock and 370 short 
tons of construction sand and gravel were removed from the Forest. 
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Future Potential 
The demand for the materials, the relative remoteness of the area where they exist, and the local economy 
dictate whether there may have value and demand for any particular rock commodity as a mineral 
material.  Generally, demand for mineral materials is related to population growth as construction occurs 
to accommodate growth.  The trend for salable minerals is expected to remain level. Efforts are underway 
to foster partnerships with local county governments through the use of gravel and aggregate sources on 
the Forest to be used for road construction purposes in the Forest. 

Noncommercial Mineral Collecting Activities 
The Gila National Forest allows non-commercial rock and mineral collecting.  This falls into the category of 
“casual use”.  The Forest allows members of the public to go onto NFS lands and use non-mechanized tools 
to search and collect minerals for personal use.  Caution should be used under these categories, as no 
authorization is given if the lands are claimed under the mining law.  Parcels of private land are scattered 
throughout the Forest.  Most of these parcels are not fenced nor their boundaries marked.  Also, all mining 
activity is banned from designated wilderness areas. 

Recreational gold panning is permitted on the Forest.  It is policy to allow this activity if the member of the 
public reports beforehand in writing the proposed activity with the location, duration of time and the 
individual’s name and contact information requesting the activity. 

Abandoned Mine Lands 
Abandoned mine lands include known abandoned mines and/or mining-related hazards in need of 
reclamation or restoration.  An abandoned and inactive mine land inventory was conducted on the Gila 
National Forest in December 1998.  This inventory identified 353 mine sites, of which, some were 
inaccessible and some were located on private land.  It is the desire of the National Forest to eliminate 
known and potential hazards relating to abandoned mine lands.  Many abandoned mine lands contain 
minerals like arsenic, cadmium, copper, lead, mercury and zinc which can cause human health and 
environmental hazards as well as other physical safety hazards (USDA FS MGM 2012). Work to reclaim 
these mine problem areas is conducted as time and money permits.  However, the number of problems 
within the assessment area is vast and it will take many years and a lot of money to complete all of the 
work which is needed to accomplish.    

To avoid the future occurrence of abandoned mine lands, all Plan of Operation now incorporate a 
Reclamation Plan.  This Reclamation Plan is developed by the operator and approved by the agency.  
Usually a bond is required to accompany this Reclamation Plan to ensure that the proposed reclamation 
work will be accomplished following the proposed mining work.  This bond is held until the reclamation is 
conducted and approved.  If the operator fails to comply with the terms of the approved Reclamation Plan, 
then the bond is forfeited, so the agency can use it to complete the work.    

Energy Resources 
Renewable Energy Resources.   

These resources include solar, wind, hydropower, biomass, and geothermal.  However, constructing the 
infrastructure to utilize these resources may be a limiting factor for development.  Renewable portfolio 
standards, which require utilities to produce or procure a minimum amount or percentage of their 
electricity from renewable energy sources, exist in New Mexico and other western states, and may 
contribute to increased renewable energy development statewide. 

  



Chapter 16. Energy and Mineral Resources 

 
Gila National Forest Assessment Report – Final  651  

Geothermal Resources   

Current Condition 
Several hot springs are directly used for recreational purposes on the Forest, although there are no 
developed geothermal resources in the assessment area.  The Gila National Forest has two identified 
Known Geothermal Resource Areas (KGRA) and a couple of areas identified for noncompetitive lease 
applications.  Under the Final Environmental Statement Geothermal Leasing completed in 1978 (USDA FS 
Gila NF 1978), these areas were identified as the Gila Hot Springs KGRA and the Lower Frisco KGRA.  The 
final decision restricted areas available for leasing to a small area of the San Francisco Hot Springs Known 
Geothermal Resource Area and lands west of the community of Glenwood. New Mexico.  There has not 
been any proposed action taken on this potential resource in this area.   

Future Potential 
Areas on the Gila National Forest have been classified as low to moderately favorable for geothermal 
energy (Figure 197) (DeAngelo and Williams 2010).  Issues limiting large scale use of geothermal energy 
are water rights, limited power transmission capability, markets, federal regulatory requirements, and a 
lack of government incentives (Fleischmann 2006).  In 2013, New Mexico's first utility-scale geothermal 
power plant came online in the Animas Valley in Hidalgo County south of the Forest. 

 
Figure 197. Geothermal favorability in southwestern New Mexico.   

Data from DeAngelo and Williams 2010. 
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Wind Energy   

Current Condition 
There are no active or pending proposals for wind energy on the Forest.  However, the Forest has had an 
application for wind power development in the past.  The location of the proposal was in an inventoried 
roadless area, and located in steep terrain without reasonable access routes to the sites for development.   

Future Potential 
Due to low average wind speeds, the Forest does not likely have the conditions necessary for economical 
wind energy production (Karsteadt et al. 2005; NM EMNRD 2007a).   

Solar Energy 

Current Condition 
The Forest has not received any proposals for solar power facilities. 

Future Potential 
The Forest has a high potential for solar development (Karsteadt et al. 2005) with a significant acreage of 
land with modelled solar resources of 7 kWh/m2 or more conducive for concentrating solar power or 
photovoltaics.  Development of these resources may be limited due to the lack of infrastructure to any 
current potential site locations.  Electric transmission lines would have to be built to connect the sources 
to a power grid.  The potential areas would probably need to be located along existing power transmission 
line alignments.  At present, it appears that other available areas off the Forest would be less costly and 
more efficient.  These resources can be found around major population areas, without the need for major 
electric transmission lines to be constructed for many miles to move the energy to the locations desiring 
to use the electricity. 

Hydropower 

Current Condition 
There is no Federal Energy Regulatory Commission licensed hydroelectric power generation on the Forest. 

Future Potential 
The Forest does not have any water sources that would likely support a large commercial hydropower 
facility. 

Biomass 

Current Condition 
There is one biomass plant adjacent to the Forest at the old Fort Bayard Medical Center consisting of a 
commercial scale wood-chip boiler system to produce steam and heat.  This 150-horsepower steam boiler 
was designed to annually consume 1,000 tons of wood thinned from the Gila National Forest (NM EMNRD 
2007b).   However, this system has been idle since the new Fort Bayard Medical Center replacement facility 
was constructed, since it was unable to cost effectively heat the new facility compared to conventional gas 
systems (Ecosphere 2013). 

Future Potential 
The future of biomass energy in the Forest faces limitations.  The current market demand for biomass heat 
is diminished due to the relatively low price of natural gas.  If market conditions change, the biomass 
systems may become economical to operate (Ecosphere 2013).  Another limitation to biomass cost 
effectiveness is hauling costs.  Wood is expensive to transport, so it needs to be used near wood source 
areas.  Material handling in the supply chain also needs to be minimized for cost effectiveness.      
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Energy Transmission Corridors 
Currently, there are two large high voltage electric transmission lines that cross the Gila National Forest 
(Figure 198).  The existing energy transmission corridors were currently designated by the individual 
permitted area of each of the power companies requiring access through the Forest namely, Tucson 
Electric Power and El Paso Electric.  There are no defined corridors for several companies to use in tandem 
to transport energy resources or to collocate transportation facilities (e.g. highways and railroads).  The 
reason for this is that the electric transmission lines and transportation routes are coming and going from 
different places and there were not any opportunities to share the same routes at the time of construction.  
The Forest is not positioned in the direct path of transcontinental or multi-state connection routes for 
energy and transportation.  Some of this is due in part to the topography or mountain ranges which exist 
on the Forest.  Recently proposed regional transmission corridors (SunZia and Southline) designed to 
transport electricity to western power markets have been located off the Forest.  There is a small 
distribution natural gas line which crosses part of the Forest to reach the Fort Bayard Medical Center.  
However, there are no large interstate natural gas transmission lines crossing the Forest. 

 
Figure 198. Major energy transmission lines intersecting the Gila National Forest. 
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Non-Renewable Energy Resources.  
Leasable minerals (i.e. coal, oil, natural gas) within the assessment area have historically been minimal to 
no development.  There is no current development, extraction or use of this form of mineral material from 
the assessment area.  Companies have conducted test drilling and seismic analysis of the subsurface for 
non-renewable energy resources in various locations of the Forest throughout the years. 

Oil and Gas 

Current Condition 
The Analysis of the Management Situation for the 1986 Gila Forest Plan identified interest in the Quemado 
Lake and Beaverhead areas for potential oil and gas development.  To date, only limited geophysical 
prospecting work has been conducted.  There is currently no oil and gas exploration surveys or production 
or leases (active or pending) on the Forest. 

Future Potential 
The Zuni Uplift and San Agustin Basin plays (or prospects) in Catron County have low and moderate 
potential, respectively, for oil and gas (URS 2003).  The currently producing oil and gas basins in New 
Mexico are located outside of the context area primarily in the San Juan and Permian Basins (Figure 199).  
Limited understanding of the oil dynamics of the Zuni Uplift and San Agustin Basin plays represent a high 
level of risk to private companies under current market conditions (URS 2003).  If market demands for oil 
and/or gas change substantially, more exploratory activity might occur in these areas in the future. 

 
Figure 199. Currently producing oil and gas basins in New Mexico.   

From New Mexico Bureau of Geology and Mineral Resources (2016). 

Coal 

Current Condition 
There is currently no coal production or leases (active or pending) on the Forest. 
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Future Potential 
The U.S. Geological Survey identified no coal areas on the Forest (East 2013), so the future potential of 
coal is low for the assessment area.  The nearest coal fields to the assessment area are the Salt Lake and 
Datil Mountain Coal Fields located north of US Highway 60 in Catron County and the Engle coal field east 
of Interstate 25 in Sierra County (Figure 200).  Most of the active coal mines found in New Mexico are in 
the northern half of the state, primarily in the San Juan and Raton basins. 

 
Figure 200. Coal fields in southwestern New Mexico.   

Data from McLemore et al. 2005. 

Geologic Hazards 
Geologic hazards are defined as those hazards that are geological in nature that pose a risk to human 
health and safety. They include risks such as earthquakes, floods, avalanches, mud slides, and volcanic 
activities.  Geologic hazards are important in the social context, because they have the potential to affect 
human safety or the landscape humans use for various needs.  On the Gila NF, the specific geological 
hazards that are relevant to the Forest include seismic hazards, flooding, landslides, and rockfalls. 
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Seismic hazards 
Historically, the majority of earthquake activity in New Mexico has occurred along the Rio Grande Rift, and 
has been concentrated in the Rio Grande Valley between Socorro and Albuquerque (USGS 2015a).  Figure 
201 shows the probability of an earthquake measuring over 5.0 magnitude in southwest New Mexico 
within the next 20 years (USGS 2015b).  The probability of an earthquake strong enough to do significant 
damage within the assessment area is low. 

 
Figure 201. Probability of an earthquake measured over 5.0 magnitude in southwest New Mexico 

over the next 20 years 
From USGS 2015b. 

Landslides and Rockfalls 
Many of the soil units on the Forest are conducive to landslides and rockfalls.  Rockfalls are a continual 
hazard on the Gila NF and frequently occur during the summer monsoon season. Rockfalls are of the 
greatest concern when they occur along Forest and state or county roads with high vehicle traffic. 

Impacts of Renewable and Nonrenewable Energy and Minerals 
Development on Ecological Integrity and Species Diversity 
The former release of contaminates into the environment from historical mining activities predating 
environmental regulations is known as a “legacy” issue that can have effects on ecological integrity and 
species diversity.  For example, Cold Springs Creek is listed as impaired for water quality for cold water 
aquatic life due to elevated concentrations of cadmium and lead (NMED 2014b).  Historic mines in the 
upper watershed are the proximal source of the metal contamination.  The Forest Service in cooperation 
with the New Mexico Environment Department is working to prepare, fund, and implement a 
comprehensive remediation effort. 
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Renewable energies in the form of geothermal or solar energy developed on a large scale disturb soils and 
potentially displace vegetation.  Disturbances occur in the localized area of development, from motorized 
vehicle access, and the need for transmission lines.  These disturbances can impact vegetation, wildlife 
habitat, and water resources.  No renewable energy sources have been developed on the Gila NF and it is 
unlikely there will be in the near future. 

Stakeholder Input 
There is interest in additional mining and energy development on the Forest although people felt this 
should be well-regulated with consideration given to water supplies.  There is a perception that the Forest 
has not done enough to promote mineral and energy development although many times commodity 
prices, other market or regulatory forces, and deposit characteristics play larger roles than Forest Service 
management. 

Individuals also desired to know the policies and regulations concerning personal collecting of rocks, 
minerals and gold ore from the Forest as this information has been disseminated in an ambiguous or 
uneven way in the past.  More internal Forest Service training and communication on this subject was 
requested to improve the accuracy and consistency of responses to public inquiries.  Questions also came 
up concerning personal use collecting of rocks and minerals within areas designated as withdrawn from 
mineral entry (specifically areas with wilderness designation).   

Summary 
The Gila National Forest and surrounding areas contain mineral resources, with past mining for metallic 
minerals primarily producing gold, silver, copper, lead, manganese, zinc, iron, and tin.  Future demand for 
locatable minerals (primarily copper) will likely occur in and around known mining districts.  Mining is an 
especially important industry in southwestern New Mexico.  Recreational gold panning is permitted on 
the Forest.  Uranium and rare earth elements occur in the Burro Mountains, but the future potential is low 
at least in the near term.  The Plan area contains many salable/mineral materials/ common variety 
minerals such as sand, gravel, and rock.  There are abandoned mine lands from historical mining 
operations in the Plan area, some of which could pose physical and environmental hazards.  

Leasable minerals (i.e. coal, oil, natural gas) within the Plan area have historically been minimal to no 
development of non-renewable energy resources.  There is currently little to no renewable energy 
production on the Forest; although, the potential for solar and geothermal energy sources does exist.  
Currently, there are two large high voltage transmission lines that cross the Gila National Forest, but the 
Forest is not positioned in the direct path of transcontinental or multi-state connection routes for energy 
and transportation. 
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Chapter 17. Cultural and Historic Resources 
Introduction 
The Gila National Forest (the Plan Area) contains archaeological resources that demonstrate human 
occupation and use for approximately the past 12,000 years.  The occupation and use of the Forest by 
Native Americans (American Indians) with Pueblo and Athabaskan ethnic affiliation and groups ancestral 
to these ethnic affiliations has occurred over this entire time span.  Occupation and use of the Forest by 
Euro-Americans and other peoples from the Old World occurred over the past 400 years.  The Plan Area 
has been under the management of the United States Department of Agriculture, Forest Service beginning 
in A.D. 1907, or for a little more than 100 years.  Native American, Hispanic, and Anglo-American 
traditional communities continue to use the Gila National Forest for economic, social, and religious 
purposes. 

This chapter presents an assessment of the current known cultural and historic resources and uses on the 
six ranger districts of the Gila National Forest.  This chapter will discuss: 

 Ecosystem services of cultural and historic resources 

 Cultural and historical context of the Plan Area 

 Description of cultural and historic properties 

 National Register sites, National Register eligible sites, and priority heritage assets on the Gila NF 

 Current conditions and trends of known cultural and historic resources on the Forest 

 Contributions of cultural and historic resources to social, economic, and ecological sustainability 

 Summary of cultural and historic resources on the Gila NF 

Ecosystem Services of Cultural and Historic Resources 
Cultural and historic resources and uses in the Plan Area are critical to the social, economic, and ecological 
sustainability of the Forest, the Southwestern Region, and the Nation.  Archaeological sites within the Gila 
National Forest are a record of historic process and events important in the identity of local communities, 
the state of New Mexico, the region, and the Nation.  Contemporary uses of resources and characteristics 
of the Plan Area by Native American, Hispanic, and Anglo-American traditional communities are critical to 
maintaining the identity of these communities.  Cultural tourism is a significant component of the regional 
economy.  Tourists are attracted by the nature and significance of archaeological resources and by the 
character of surrounding traditional communities.   Archaeological sites contain a wealth of information 
for scientific researchers regarding ecological conditions and changes over the past twelve millennia, and 
human successes and failures in coping with these changes.  This information is of value to managers 
making decisions regarding the contemporary ecological management of the Forest.  This information is 
also of value for educating the public about ecological sustainability.   

Cultural History of the Assessment Area 
This section summarizes the history of the occupation and use of the Plan Area over the past 
approximately 12,000 years.  Contemporary uses of the Forest by traditional communities that are 
considered important to the cultural identity of those communities are discussed in the Description of 
Cultural and Historic Resources section.  The Gila National Forest encompasses what archaeologists 
describe as the Mogollon Culture area.  The larger Mogollon area represents a rather large portion of the 
southern southwest and extends from the northern portions of Chihuahua, Mexico north to the modern 
town of Quemado, New Mexico.  The eastern and western boundaries of the Mogollon Culture area are 
located in the Trans-Pecos area of Texas and along the San Simon River drainage in eastern Arizona.  
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Relevant to the Plan Area, two subdivisions of the larger Mogollon Culture area are present.  These 
subdivisions include the Highland/Mountain Mogollon located in areas north of the Gila River, and the 
Mimbres Mogollon located in the areas south of the Gila River.  In general, these two Mogollon groups 
exhibit similar characteristics throughout much of the area’s occupation (around 6,000 through 1,000 
years ago).  However, differences emerge that warrant this geographical division particularly during the 
Pueblo period (ca. A.D. 1000-1400).   

Occupational History 
This sub-section is divided into three parts: 

 Native American views of their historic origins. 

 Native American history prior to A.D. 1600.  This section addresses the span of time when Native 
Americans were the only groups to use the Plan Area. 

 The span of time after A.D. 1600, when both Native American and Euro-Americans (and others of Old 
World descent) used and occupied the Plan Area. 

This history of occupation and use has been prepared from archaeological studies, which employ historical 
documents and records, and from oral histories that transmit the traditions of Native American groups 
and others.  While this history incorporates information from Native American oral history, it is written 
from a Western archaeological and historical perspective.  Traditional Native American oral history differs 
from Western history in its measurement of the passage of time and in the causality identified for the 
course of human events and historic process.  Despite these distinctions, scholars have found broad 
concordances in information regarding Native American history in the American Southwest between 
archaeology, historic records, and Native American oral history for at least the past millennium. 

Native American oral tradition and Western scholarship differ regarding the ultimate origins of Native 
Americans in the region and in the Western Hemisphere.  Western scholarship, using evidence from 
archaeology, genetics, and linguistics, places the ultimate origins of Native Americans in northwestern 
Asia, with a migration to the Western Hemisphere sometime prior to 12,000 years ago and movement into 
the American Southwest soon afterwards. 

Archaeological, genetic, and linguistic evidence indicates that Pueblo people are the descendants of these 
earliest migrants, while Athabaskan people are in part descendent from peoples that migrated from Asia 
more recently, and entered the American Southwest as recently as 500 to 600 years ago.  The oral 
traditions of both Puebloans and Athabaskans, however, place their ultimate and organic origin within the 
region itself.  As such, Native Americans’ views of their own origins are considered in a separate section. 

Relative to the Plan Area, there are 10 federally recognized American Indian tribes with which the Gila 
National Forest routinely consults.  Five of these tribes are of Pueblo ethnic affiliation: Acoma Pueblo, 
Laguna Pueblo, the Hopi tribe, Ysleta Del Sur Pueblo, and the pueblo of Zuni.  Five of the tribes are of 
Athapaskan affiliation: the San Carlos Apache Tribe, the Mescalero Apache Tribe, the Fort Sill Apache Tribe, 
the White Mountain Apache Tribe, and the Navajo Nation (additionally contacting the Alamo and Ramah 
Chapters of the Navajo Nation). 

While united by common origins, within each ethnic group, there is tremendous cultural diversity.  This 
diversity manifests itself in the variety of languages spoken between groups and the various methods of 
organizing the social and cultural practices performed by different groups. 

Native American Perspectives on their Origins 
Native Americans, who have occupied and used the Plan Area both currently and historically, understand 
their own history in ways that are distinct and sometimes differ from the version of history that is derived 
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from Western scholarly traditions.  The historical traditions of Native Americans with ties to the Plan Area 
are oral in nature.  This is to say, that historical knowledge is maintained by passing it from one generation 
to the next through verbal communication, rather than having historical knowledge transmitted through 
written documents. 

Until recently, Native American groups connected to the Gila National Forest did not have what Western 
society considers written languages.  A few groups, most notably the Navajo, have developed written 
forms of their language within the last 150 years.  The majority of the Native American groups affiliated 
with the Forest, however, do not have a written form of their language, though other iconographic displays 
(e.g. rock art, pottery designs, etc.) likely were imbued with symbolic content that conveyed messages.  In 
some cases, the lack of written language is an intentional act, reflecting traditional beliefs that historical 
knowledge, along with other types of esoteric knowledge, should be restricted.  The version of Native 
American history presented here reflects what has been written in English by Native writers or told to non-
Native researchers. 

For Native American groups in the Southwest, geographical features on the landscape are integral to their 
understanding of history and cultural identity.  Native groups describe their conception of history as being 
geographical rather than chronological, as spatial connections are more important for understanding 
cultural identity than a chronological sequence of events (Deloria, Jr. 1994; Ferguson and Hart 1985; Van 
Dyke 2008).  Because of their permanence as geological features, these places are used to remember 
historical narratives and traditions and thus become a way of linking the past to the present and vise-versa 
(Ball, M.W. 2000).  Although the Native American groups affiliated with the Plan Area all trace their 
historical roots to the American Southwest, origin histories are diverse among the various groups. 

In discussing Native American origin stories in the Plan Area, it is important to note that even within a 
particular tribe, there is no unified account of a group’s emergence and/or entrance into the Southwest.  
Oral traditions tend to place more emphasis on understanding and internalizing the message of the story 
rather than recounting an absolute truth.  As a result, the details of any one story may vary from one 
individual to the next.   

Three types of Native American origin stories are discussed in this section: 

1. Pueblo origin stories (with emphasis on the Acoma, Hopi, and Zuni, which have had more 
ethnographic documentation), 

2. Apache stories from the Chiricahua and the Mescalero tribes, and 

3. Navajo/Diné origin stories. 

Many of the Pueblo groups share a particular origin myth that involves a gradual assent through three 
different worlds before emerging into the present (fourth) world.  The details and characters involved in 
the account vary from group to group.  For instance, in the Hopi origin story, the people are led through 
the worlds by a series of animals.  In the Zuni accounts, it was the twin boys of Earth Mother and Sun 
Father that led all beings into the final world (Griffin-Pierce 2000; Sando 1992; Sheridan and Parezo 1996).  
The point of emergence is usually described as being somewhere in the Southwest, but the exact location 
varies from tribe to tribe.  Once inside the fourth world, many of the pueblos describe a time of migration 
where the group searched for the place that was granted to them as their ultimate homeland.  This period 
of migration is believed to have occurred over many years and across much of the Southwest (Anscheutz 
2012; Colwell-Chanthaphonh and Ferguson 2012a; Colwell-Chanthaphonh and Ferguson 2012b). 

Although stories that recount the creation of human beings and the world are common among Athapaskan 
groups (and even other Apache groups), neither the Chiricahua nor the Mescalero Apache have a true 
creation story (Opler 1983, 1994).  However, there are several stories that discuss the early history of the 
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world and the Apache’s place within that history.  According to contemporary Mescalero Apache oral 
history, people were once ethnically and linguistically homogeneous, with no cultural differentiation.  At 
some point, the first Big Tipi was created and as people stood around it, they were given different beliefs 
and cultural practices.  References indicate that the first “Big Tipi” was revealed to the Mescalero Apache 
“at the top of the world” (presumably some place north of the Southwest) and the group subsequently 
migrated to the Southwest (Ball, M.W. 2000).  Once settled in this new territory, the landscape gradually 
became an embodiment of Apache identity and relationship to place. 

The way relationship to place is connected with identity is particularly evident in the Apache’s adoption of 
the Mountain Spirit tradition.  The Mountain Spirit tradition has no definitive date of origin, but is seen by 
both Apache people and anthropologists as relatively recent, probably originating sometime in the past 
few hundred years.  The mountain spirits are healing spirits that help the Apache during times of need.  
They reside within the mountains of the Southwest.  Apache groups will most commonly cite four 
mountains as being sacred mountains that represent the four directions.  However, there are many 
mountains that have been listed as being important to Apache tribes.  Even within a single Apache tribe, 
there is often no consensus on which mountains the four sacred mountains are and which of the four 
directions they represent (Ball, M.W. 2000). 

Navajo/Diné creation stories describe a journey through a series of worlds (three or four depending on 
the account) before arriving in the present world.  The earlier worlds are chaotic, each a different color 
and filled with its own primordial beings.  As they traveled through the different worlds, the Diné were in 
search of a place where there would be order and harmony.  In the third (or fourth) world, a water monster 
created a flood to take revenge on Coyote for kidnapping her baby.  As the flood waters rose, the people 
and animals gathered onto a hollow reed and climbed towards the final world.  Once in the present world, 
the first man and the first woman formed the four sacred mountains: Blanca Peak in the east, Mount Taylor 
in the south, the San Francisco Peaks in the west, and Hesperus Peak in the north.  They adorned the world 
with natural beauty and created the night and day (Griffin-Pierce 2000; Parezo 1996). 

Brugge (2005) contends that some Navajo oral tradition reflects a division between two types of Navajo 
clans, each claiming a separate point of origin.  According to Brugge, the first group of Navajo clans claims 
a local place of origin in the Southwest.  These clans claim to have either descended from the people who 
survived the age of the monsters or that a supernatural event resulted in their creation.  The second group 
of clans (the Western Water Clans) claim to have been created by the Navajo deity, Changing Woman, at 
her home in the ocean.  Some accounts indicate that the two groups merged some place along the San 
Juan River. 

Native American Occupation and Use to A.D. 1600 
For virtually the entire span of human history in the Plan Area, Native Americans were the only people to 
occupy and use the land.  Their use of the Plan Area is concurrent with the earliest human occupation of 
the Western Hemisphere, and persists to the present day.  In the American Southwest, prior to A.D. 1600, 
Native American history is divided into five broad time frames: 

1. The Paleoindian period is associated with the initial colonization of the region during the end of 
the Pleistocene, when dramatic environmental changes took place within the region.  The first 
Paleoindian occupants were nomadic hunter and gatherers. 

2. The Archaic period is a long span of time in the early and middle Holocene when environmental 
conditions stabilized and became approximately the same as those in the present day.  The Archaic 
era saw an increase in population, social and technological changes, along with the initial 
introduction of maize (corn) and other domesticated plants from Mesoamerica, but with 
continued focus on wild resources. 
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3. The Pithouse period corresponds to the period of time when Native American groups inhabiting 
the Plan Area manufactured ceramic wares and lived in semi-subterranean dwellings.  This time 
period generally dates from roughly 1,800 to 1,000 years ago (ca. A.D. 200-1000) and is divided 
into the Early Pithouse period (ca. A.D. 200-550) and Late Pithouse period (ca. A.D. 550-1000).  It 
is during this time period that maize agriculture takes hold across the Plan Area, groups become 
increasingly sedentary, and populations grow in size.    

4. The Pueblo period corresponds to the last millennium of Native American occupation prior to A.D. 
1400.  It is characterized by the advent of a more sedentary life way, increased population, and an 
increased reliance on cultigens.  The origins of the modern ethnic identities of contemporary 
Pueblo peoples also lie within this era.  Athabaskan peoples colonize portions of the American 
Southwest during the end of the Pueblo era, although initially as small bands of hunters and 
gatherers. 

5. The Protohistoric period represents the time period from the pan-regional abandonment of once 
densely populated areas around A.D. 1450 through when permanent settlement of the area was 
undertaken by groups with written historical records (ca. A.D. 1600).  It is during this time period 
that Native Puebloan groups aggregate into extant pueblo settlements (e.g. Hopi, Zuni, etc.) and 
the first Spanish explorations enter the area.  Athabaskan groups continue their southward 
migration and enter the Plan Area during this time period.     

The human occupation of the Western Hemisphere, and the American Southwest, began around 12,000 
years ago, as nomadic hunters and gatherers who entered the hemisphere from northern Asia via Alaska.  
These earliest Native Americans are known as Paleoindians.  Their arrival in the hemisphere coincided 
with the end of the Pleistocene (last ice age), and rapidly changing climatic and ecological conditions. 

The Paleoindian period 
The Paleoindian period (ca. 11000 B.C. – 6000 B.C.) within the Mogollon culture area is probably the most 
poorly understood in the cultural sequence.  This is due both to the lack of investigation of sites dating to 
this time period and to preservation issues associated with the great time depth of this time period.  Most 
of what is known of this period comes from cross dating projectile point styles found in the Plan Area to 
dated specimens found elsewhere in the Southwest (Lekson 1992, 2006). 

While there has been considerable debate regarding the existence of groups inhabiting the Americas prior 
to 12,000 years ago, there is little controversy surrounding the fact that humans were within the present-
day Southwest by around 12,000 years ago (Fiedel 2002; Waters and Stafford 2007). The sites of Folsom 
and Blackwater Draw in eastern New Mexico provided evidence of early man in association with extinct 
mega-fauna that attested to the presence of people in the area during Paleoindian times (Bousman et al. 
2004; Collins 2002; Cotter 1938; Figgins 1927; Howard 1935; Meltzer 2004; Nemecek 2000). The presence 
of Paleoindian peoples within the area is based upon the fact that distinctive projectile points, for example 
Clovis, Folsom, Sandia, and Plainview have been found at sites throughout the United States and many are 
associated with extinct mega-fauna (Collins 2002; Hofman and Graham 1998; Meltzer 2004; Wyckoff 
1999). The life-ways of groups inhabiting the continent during this time are thought to be based on highly 
residentially mobile groups following a wandering subsistence base, megafauna. While this view of Clovis 
peoples as big-game hunters has been within the theoretical lexicon of archaeology since the excavations 
at Blackwater Draw were undertaken in the 1930s, new research is showing that these groups developed 
a knowledge of local flora and faunal regimes and might have been broad spectrum foragers as opposed 
to specialized hunters reliant on large megafauna (Collins 2002; Meltzer 2004; Nemecek 2000; Stanford 
1991). 

After Clovis, a number of other occupations/adaptations to life in the southwest emerged and evolved.  
Currently, the chronology for these occupations/adaptations (Holliday 2000; Justice 2002) are based on 
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radiocarbon dates obtained from materials associated with distinctive projectile points as follows: Folsom 
and Midland (9000-8000 B.C.); Plainview, Milnesand, and Agate Basin (8200-7200 B.C.); Lake Mojave and 
Silver Lake (9000-6000 B.C.); and Scott’s Bluff, Eden, and Cody (7500-6500 B.C.). The sites dating to these 
different time periods have been interpreted differently, either as groups consisting of broad spectrum 
foragers, or as specialized hunter groups traversing the landscape in their subsistence quest. 

Paleoindian groups undoubtedly used the Plan Area as a place to hunt and gather resources; and there is 
evidence that tools were manufactured from stone collected from nearby areas (Banks 1990; Hamilton et 
al. 2013; Haynes and Huckell 2007; LeTourneau 2000).  While there are some isolated artifacts, there are 
few archaeological sites from the Paleoindian era known on the Forest.  Only a handful of archaeological 
resources in the Plan Area have Paleoindian components (No. < 5).  Most of these are present in the more 
mountainous areas surrounding the modern day Reserve and Quemado Ranger Districts. 

The Archaic period 
The Archaic period (ca. 6000 B.C. – A.D. 200) represents a time of substantial change amongst prehistoric 
peoples.  The transition between the Paleoindian and Archaic eras took place around 8,500 to 8,000 years 
ago.  The era is marked by the onset of the Holocene epoch, and with it the arrival of climatic and ecological 
conditions similar to the present day.  During the Archaic period, Native Americans continued the hunting 
and gathering lifestyle seen during the Paleoindian period.  It is distinguished from the preceding 
Paleoindian period by the appearance of part-time cultivation of domestic plants and associated plant 
processing tools (i.e. groundstone tools).  Many of the defining characteristics of the following Pithouse 
and Pueblo periods, such as the cultivation of domestic plants and the construction of permanent 
dwellings, make their first appearance in the later years of the Archaic period.  The adoption of pottery 
containers is often used as a marker for the end of the Archaic period (Huckell 1996). 

The Archaic period is poorly understood in most portions of the U.S.  What is known about Archaic period 
peoples is that they pursued a hunter-gatherer life-way similar to that of the preceding Paleoindian period 
peoples, although the mobility of the latter groups is believed to have decreased.  In the Southwestern 
U.S. this is evident by the emergence of variation within projectile point assemblages recovered from 
different portions of the region (Huckell 1996).  Here, between 9,000 and 7,500 years ago, Archaic 
populations replaced earlier Paleoindian populations.  Based on the evidence at hand, regional variation 
is thought to represent decreasing ranges traversed by groups who possess a greater knowledge of the 
exploitable resources within their local landscape.  It is during this period that the seeds of the vicious 
feedback loop involving increased sedentism, increased reliance on cultigens, and population growth are 
planted.    

The criteria used to differentiate the Archaic period from the Paleoindian period are somewhat varied.  
Most archaeologists place the emergence and proliferation of groundstone technology as the key hallmark 
that separates the two periods.  This coupled with the use of thermal features (i.e. burned rock middens) 
for food processing points to another key aspect that differentiates the Archaic from the Paleoindian 
period: the increased use of locally available resource and the incorporation of more of these resources 
into group subsistence regimes.  Finally, it is during the Archaic period that side-notched projectile points 
appear and begin to replace the lanceolate and stemmed projectile points of the preceding period (Huckell 
1996; Justice 2002; McBrinn 2010; Sayles and Antevs 1941). 

As stated above, the Archaic Period in the American Southwest traditionally dates from around 8,000 to 
1,800 years ago (ca. 6000 B.C. – A.D. 200).  This long time span is divided into the Early Archaic period 
(6000-3500 B.C.), the Middle Archaic period (3500-1500 B.C.) and the Late Archaic/Early Agricultural 
period (1500 B.C.-A.D. 200) (Huckell 1996).  As can be imagined, considerable variability exists among the 
groups inhabiting the vast area of the Southwest during these time periods.  Despite this problem, 
researchers have postulated that some groups exhibit enough similarities in material culture to be 
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classified as distinct traditions/cultures.  One of these distinct traditions, the Cochise Culture, inhabited 
what is today southeastern Arizona and southwestern New Mexico (Sayles and Antevs 1941).   

The Archaic is either not well reported or well represented in the Mimbres Valley but it is documented 
from work in the nearby Gila Hot Springs area, the upper reaches of the Gila River near Cliff and Gila, New 
Mexico and in the Middle San Francisco River Valley near Glenwood.  Surveys near Gila Hot Springs by 
Honea (1963) resulted in the documentation of a probable Cochise site.  West, in the Upper Gila area, 
small villages of shallow pithouses occupied toward the latter part of the Archaic have been documented 
(Hemphill 1983; Hammack et al. 1966; Chapman et al. 1985).  The presence of pithouses and corn at the 
Eaton Site (Fitting et al. 1982) and at LA 29397 (Laumbach 1980) from the same area suggest that between 
200 B.C. and 350 B.C. Archaic populations at these sites may have led a relatively sedentary lifestyle even 
before the introduction of pottery.   

While Archaic period sites are limited in areas south of the Gila River, a few sites around Reserve have 
demonstrable Archaic period occupations (e.g. Bat Cave, Cordova Cave, Tularosa Cave, and O-Block Cave, 
LA 37917, LA 43766, LA 45508, LA 70188, LA 78439, and LA 89846) (Dick 1965; Martin et al. 1949, 1954; 
Oakes and Zamora 1999; Waters 1998; Wills 1988, 1996).  Early in the history of the region’s research solid 
carbon radio-carbon assays associated with these sites often gave false dates in excess of 4,000 years 
before present, reanalysis of some of these samples as well as samples collected from more recent 
research endeavors show that populations were firmly established in the area by the Late Archaic/Early 
Agricultural period (ca. 1500 B.C. – A.D. 200) (Huckell 1996; Oakes and Zamora 1999; Waters 1998; Wills 
1988, 1996). 

The Pithouse periods 
The Pithouse periods (ca. A.D. 200-1000) in the Plan Area represent a time of substantial change.  
Archaeologists traditionally divide this time span into the Early Pithouse period (ca. A.D. 200-550) and the 
Late Pithouse period (ca. A.D. 550-1000).  It is during this time that Mogollon brownware ceramics begin 
being produced in the area.  Initially, ceramics of this tradition consisted of non-decorated wares and 
decorated varieties with fairly simple exterior surface treatments (e.g. neck banding/corrugations, scoring, 
incising, etc.).  As time progresses through the Pithouse and Pueblo periods, surface treatment on 
Mogollon Brownware ceramics become more elaborate (e.g. Mimbres Classic Corrugated, Reserve 
Indented Corrugated, Tularosa Patterned Corrugated, etc.).  Similarly, ceramics with painted designs make 
their appearance during the Pithouse periods.  Red slipped ceramics first appear during the Early Pithouse 
period and Black-on-white ceramics first appear during the Late Pithouse period.  As was the case for 
textured wares, Black-on-white ceramics become more elaborate through time, culminating with Mimbres 
Black-on-white Style III and Mimbres Polychrome ceramics during the Pueblo period (discussed below).   

It is also during this time that extra-regional exchange relations become more prevalent.  Specifically, 
during the Late Pithouse period, interaction with Hohokam groups intensifies.  This is evident through the 
increasing presence of shell items procured from the Gulf of California as well as the presence of stone 
palettes and stone censors at Late Pithouse period sites throughout the Mogollon area.  Similarly, 
interaction with northern and southern groups appears to have intensified through time.  This is evidenced 
by the increasing presence of Cibolan Whiteware ceramics in the Plan Area as well as the increasing 
presence of copper and turquoise materials in areas to the north and south that likely originated from 
source groups in close proximity to the Gila National Forest.  It is also during this time period that macaws 
enter the archaeological record.  Macaws were likely obtained either through exchange with groups 
occupying portions of southern Mexico or were directly procured by Mogollon peoples.  Finally, during the 
Late Pithouse period, Mogollon groups likely began trading Mule Creek obsidian throughout the Plan Area 
and with other nearby cultural groups (Taliaferro et al. 2010).        



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  666  

The Early Pithouse period (ca. A.D. 200 – A.D. 550), like other earlier occupations of the Forest is relatively 
poorly understood.  This is primarily due to the lack of investigation of sites dating to this period.  The 
dates associated with this period are based solely on a few radiocarbon assays which range from A.D. 130 
to A.D. 645 (Lekson 1992: 66-74).  The Early Pithouse period is distinguished from earlier occupations by 
the introduction of ceramic technology, a notable shift in subsistence strategies, a unique settlement 
pattern, and the appearance of new architectural characteristics.   

The Early Pithouse period is marked by the introduction of Alma Plain brownware pottery and thinly 
slipped redwares.  Like ceramics common to later occupations in the area, Early Pithouse period 
brownwares are formed using the coil and scrape method and exhibit a variety of surface finishing 
techniques (e.g. incising, scoring, etc.).  These plainware and textured-ware varieties are the first that 
appear in the sequence and are followed by thinly slipped redware vessels that have come to be called 
Mogollon Early Red ceramics (Diehl and LeBlanc 2001).  Mogollon Early Red wares are differentiated from 
their later San Francisco Red counterparts due to their thinner slip and the absence of other surface 
treatments (e.g. polished surfaces, dimpled exteriors, and scored interiors) (Diehl and LeBlanc 2001: 109).  

Finally, the Early Pithouse period was initially interpreted as marking the transition from a hunting and 
gathering life-way to one with a greater dependence on agriculture.  However, new evidence from the 
Tucson Basin demonstrates that Late Archaic people were fairly reliant on cultigens, at least for some 
portions of the year, and took great strides to improve agricultural productivity of lands surrounding their 
settlements.  It should be noted that the Late Archaic period is poorly documented for the Plan Area when 
compared to surrounding areas to the north and west.  Be this as it may, research in these areas 
demonstrates that people were experimenting with horticulture well before the advent of the Early 
Pithouse period.  Research in these areas suggest that Early Pithouse period subsistence economies 
represent an intensification of those present in preceding periods (Wills 1988, 1996). 

To date, roughly nine Early Pithouse period sites have been partially excavated in the Mogollon area (Diehl 
and LeBlanc 2001; Fitting 1973a; Haury and Sayles 1947; Martin 1943; Martin and Rinaldo 1947; Martin 
et al. 1940, 1949; Oakes et al. 1999; Wallace 1998).  In the Highland/Mountain Mogollon area this time 
period is sometimes referred to as the Pine Lawn phase (Martin and Rinaldo 1950a; Oakes and Russell 
1999).  The results of these investigations demonstrated that house floor plans of this period vary from 
circular, to “Bean” shaped, to amorphous in shape, though most have lateral entryways (Diehl and LeBlanc 
2001).  These structures cover roughly 26 square meters on average and are relatively large when 
compared to domestic structures of the Late Archaic and Late Pithouse periods (Diehl and Leblanc 2001; 
Martin 1943; Martin and Rinaldo 1947; Martin et al. 1940, 1949).   The exact reason for this size difference 
is unknown but could be related to social organization, in that larger social groups may have been needed 
to perform household practices.  These larger social groupings may have carried over or been replaced by 
the courtyard groupings of the Late Pithouse period (see below).   While villages range in size, all appear 
to have at least one larger structure that is believed to have served communal/ceremonial purposes.  Early 
Pithouse period communal structures were generally larger in floor area and possessed lobes on either 
side of their entryway.  Other than their size and their lobed protrusions around the entryway, no other 
features distinguish communal/ceremonial structures from their domestic counterparts during the Early 
Pithouse period (Anyon and LeBlanc 1980). 

The Late Pithouse period (ca. A.D. 550- A.D. 1000) is subdivided into the Georgetown phase (ca. A.D. 550-
700), the San Francisco phase (ca. A.D. 700-850), and the Three Circle phase (ca. A.D. 850-1000).  While 
the sample of excavated Early Pithouse period sites is small for the Mimbres and Highland Mogollon areas, 
numerous Late Pithouse period components have been excavated.  The vast majority of these have been 
the result of work undertaken at later occupations where surface architecture is present and few isolated 
Late Pithouse period sites have been excavated (see Haury 1936; Martin and Rinaldo 1950a; and Roth 
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2010, 2015 for examples of isolated Late Pithouse period sites).  Because the Late Pithouse period has 
been so intensively investigated in the areas surrounding the Gila National Forest, only a cursory overview 
is presented highlighting the key traits of the period (see Anyon 1980; Anyon and LeBlanc 1984; Bradfield 
1929; Cosgrove and Cosgrove 1932; Creel 2006a; Haury 1936; Lekson 2006; Martin 1943; Martin and 
Rinaldo 1947, 1950a; Nesbit 1931, 1938; and Shafer 2003 for detailed discussion of Late Pithouse period 
remains within the Mogollon area). 

The traditional phase designation used for the Late Pithouse period was first established by Haury (1936) 
based on his work at Mogollon Village along the San Francisco River near Alma, New Mexico and Harris 
Village along the Mimbres River near Mimbres, New Mexico.    Based on his work at Mogollon and Harris 
Villages, Haury (1936) differentiated the Georgetown, San Francisco, and Three Circle phases primarily due 
to changes in architecture and ceramic assemblages. 

Aside from these changes in architecture and ceramic assemblages, the other main characteristic of the 
Late Pithouse period is a shift in settlement patterns.  While Early Pithouse period sites tend to be located 
on higher elevation landforms, Late Pithouse period sites are usually located along the first bench 
overlooking drainages.  If LeBlanc’s rationale for the positioning of Early Pithouse villages were correct, 
then this would indicate that the threat of violence decreased during the Late Pithouse period (Diehl and 
LeBlanc 2001; LeBlanc and Whalen 1980).  However, if Diehl’s model is correct, then this would suggest 
that population densities reached a certain threshold whereby the visibility of a community was no longer 
deemed necessary to facilitate social interaction (Diehl and LeBlanc 2001).   

Regardless of the scenario responsible for the changes in settlement location, other patterns present in 
preceding periods intensify during the Late Pithouse period.  It is during this time period that feedback 
mechanisms involving population increase, increased sedentism, and increased reliance on cultigens 
become firmly entrenched.  As populations grow, so too does the need to feed them.  Cultigens provide a 
predictable source of nourishment and can be relatively easily manipulated to produce greater yields and 
thrive in different environments.  Conversely, having a predictable subsistence base also allows for 
population growth.  Because cultigens are modified by human agency, they often require this intervention 
to survive.  Thus, once groups begin to invest in agricultural production to meet the food demands of the 
burgeoning population, they will probably need to remain present throughout some portion of the year 
to ensure that this subsistence base produces.  This causes groups to become more sedentary for at least 
some part of the year.  Similarly, as populations grow, it becomes increasing more difficult to remain highly 
mobile.  Throughout the Late Pithouse period agricultural production intensifies.   

Throughout the Georgetown, San Francisco, and Three Circle phases, domestic structures change in 
morphology from circular in shape to square in shape with lateral entryways.  Communal structure 
morphology changes from circular structures with lobed entryways to square structures that are nearly 
quadruple the size of their domestic counterparts.  Decorated ceramic production changes from simple 
red-slipped vessels, to brownwares with red designs (Mogollon Red-on-brown), to black-on-white designs 
executed on brownware vessels with increasing complex designs (Mimbres Black-on-white Style I, 
Mimbres Black-on-white Style II).  Plain and textured varieties of brownwares are produced throughout 
the Late Pithouse period.  Subsistence practices seem to follow earlier occupations and generally consisted 
of increasing reliance on cultigens as a result of increasing population that was partially offset by hunting 
and gathering of wild resources.  Sometime during the San Francisco phase, a more productive variety of 
Maiz de ocho was introduced and grew in prominence (Diehl 1996, 2012; Gruber 2007).  Finally, it is during 
this period that the inhabitants of the Forest and surrounding areas begin intensively targeting the Mule 
Creek obsidian sources for lithic tool stone raw material. 

At some point in time, probably during the late Three Circle phase, a new form of social organization likely 
emerged.  Researchers have noted that certain structures during the Three Circle phase were organized as 
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what some call courtyard groups or clusters (Creel 2006a; Lucas 1996; Roth 2015).  These courtyard 
groupings consist of multiple contemporaneous pithouse structures arranged so that their entryways open 
onto a common area/courtyard and most groupings tend to have a non-domestic pitstructure 
incorporated amongst their ranks.   These groupings have come to be interpreted as corporate groups that 
are thought to have consisted of a multifamily kin-group (Creel 2006b).  The emergence of these corporate 
groups represents another level of social organization that had not existed during preceding periods.  Prior 
to their emergence, village organization consisted of a low level of organization, the individual pithouse 
social unit, and a higher level of organization, the community as a whole integrated through the large 
communal facilities (great kivas) present at most pithouse villages.  Corporate groups are believed to 
represent co-residential units that shared domestic and economic practices and could thus be interpreted 
as households (Shafer 2006; Wilshusen 1989).  Shafer (2006) argues that these corporate groups emerged 
as a response to the need to share commonly controlled resources, namely the irrigation system that is 
hypothesized to have existed in Mimbres valley during the Late Pithouse and Classic periods (Creel and 
Adams 1986; Herrington 1979; Shafer 2003).  The emergence of this irrigation system and the ensuing 
emergence of corporate groups are believed to have had drastic ramifications for socio-political 
organization in the region (Shafer 2006).   

The Pueblo period 
The Pueblo period (ca. A.D. 1000-1400) refers to the time span when groups began to construct above 
ground architecture.  The time period traditionally dates from around 1,000 years ago to roughly 600 years 
ago and is separated into early and late components.  The Early Pueblo period traditionally dates from 
around 1,000 to 800 years ago (ca. A.D. 1000-A.D. 1200) and the Late Pueblo period traditionally dates 
from around 800 to 600 years ago (ca. A.D. 1200-A.D. 1400).  Perhaps the greatest divergence of distinct 
traditions in the Mogollon culture area takes place during these time spans.  For areas south of the Gila 
River, the Early Pueblo period is referred to as the Classic period (ca. A.D. 1000-1150).  For areas north of 
the Gila River in the Highland/Mountain Mogollon area, this time period is referred to as the Reserve 
phase (ca. A.D. 1000-1200).  For areas south of the Gila River, the Late Pueblo period is divided into the 
Black Mountain phase (ca. A.D. 1150-1300) and the Cliff/Salado phase (ca. A.D. 1300-1450).  For areas 
north of the Gila River in the Highland/Mountain Mogollon area, the Late Pueblo period is referred to as 
the Tularosa Phase (ca. A.D. 1200-1400).  In both areas these time periods are marked by the transition to 
above ground architecture, the continued growth of populations in the area, an increased reliance on 
cultigens, and an increase in regional interaction. 

During the Early Pueblo period, the extra-regional exchange relations with Hohokam groups to the west 
appears to decrease in intensity.  This is based on the decreasing quantities of stone palettes and stone 
censors at Mogollon sites.  However, shell ornaments obtained from the Gulf of California are encountered 
at Classic period sites (Gilman 2006).  Interaction with northern Ancestral Pueblo groups potentially 
intensifies during the Pueblo periods.  It is during this period that Mimbres Black-on-white ceramics wane 
in popularity in the Highland Mogollon area and Cibolan ceramics become more prevalent at Reserve and 
Tularosa phase sites.  Some researchers speculate that the southern extent of the Chaco regional system 
extends into the Quemado and Reserve Ranger Districts.  Indeed, there are certain sites in the northern 
portions of the Forest that exhibit Chaco style architecture with faced masonry construction and high 
proportions of Cibolan Whiteware ceramics.  During the Late Pueblo period in the Mimbres area, 
production of Mimbres Black-on-white ceramics ceases and groups begin obtaining decorated ceramics 
from areas to the north, south, east, and west.  Obsidian data demonstrates that patterns present in the 
Late Pithouse period continue into the Pueblo periods.  Specifically, Mule Creek obsidian continues to be 
the most utilized source throughout much of the Mogollon culture area and continues to be traded with 
groups to the north, south, east, and west (Taliaferro et al. 2010).  Some researchers speculate that Salado 
groups originally from the Kayenta area in present day northeastern Arizona migrated into the Mule Creek 
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area during the 13th or 14th centuries to lay claim to this important source group (see Huntley 2010, 2012 
and papers therein).    

The Classic period and Reserve phase date from around 1,000 years ago to around 850-800 years ago (ca. 
A.D. 1000-A.D. 1150/1200) and is marked by the transition from pithouse architecture to above ground 
cobble-walled roomblocks that, in some cases, incorporate kivas.  Pueblos of this time period range in size 
from one to 200 rooms arranged as multiple roomblocks.  Most, however, contain between one to 12 
rooms (Bluhm 1960).  Large communal structures (great kivas) cease being constructed in the Mimbres 
area during this time period.  However, based on limited data, large communal structures appear to 
continue to be constructed in the Highland/Mountain Mogollon area. 

The presence of Mimbres Black-on-white Style III pottery also marks the beginning of this period in the 
southern portions of the Forest.  The exchange of this commodity, as well as the exchange of exotic 
materials, is characteristic of the increased socio-political interactions taking place during this time period.   
Near the end of the Classic period, production of Mimbres Black-on-white Style III ceramics declines and 
ceramics produced in areas to the north, south, east, and west begin to appear in the southern portions 
of the Forest.  While Mimbres Black-on-white Style III pottery is common in the Mimbres area, the 
prevalence of Mimbres Black-on-white pottery decreases in the Highland/Mountain Mogollon area as 
Reserve Black-on-white and other Cibolan ceramics increase in popularity (Bluhm 1957, 1960; Martin and 
Rinaldo 1950b; Martin et al. 1949; Oakes and Zamora 1999).  Based on the relative abundance of sites 
believed to date to this time period, researchers believe that populations reached their peaks during the 
Classic period and Reserve phase (Blake et al. 1986; Bluhm 1960).     

The Black Mountain phase dates from around 850 to 700 years ago (ca. A.D. 1150-A.D. 1300) and exhibits 
distinct differences from the preceding Classic period.  These differences included the apparent cessation 
of Mimbres Black-on-white pottery production and use, the emergence of new ceramic traditions in the 
area, the increasing use of cremation as a means of disposing of the dead, and the emergence of new 
architectural styles and features within the Mimbres area near the end of the Classic period (Creel 1999; 
LeBlanc 1977, 1980a; Shafer 1999).  The new ceramic traditions that entered the area include the 
apparently immediate appearance of Playas Redware, El Paso Polychrome, St. Johns Polychrome, 
Chupadero Black-on-white, and Three Rivers Red-on-terracotta vessels at the time that Mimbres Black-on-
white ceramics cease to be present in the archaeological record.   The main differences in architecture and 
settlement patterns during the Black Mountain phase include the apparent abandonment of large Classic 
period villages during the Black Mountain phase and the emergence of new villages in the lower portions 
of the Mimbres Valley which were constructed of coursed adobe.  These coursed adobe structures are 
perceived as generally containing rooms which are larger than their Classic period counterparts. They 
incorporate small clay lined circular adobe hearths, raised box-hearths, and a two-post roof support 
system which differ from the square slab-lined hearths, three post roof support pattern, and cobble 
masonry rooms of the Classic period (LeBlanc 1977, 1980a).   

To date, only five Black Mountain phase sites have been moderately tested in the Mimbres area: Black 
Mountain, Galaz, Montoya, Old Town, and Walsh (Anyon and LeBlanc 1984; Creel 2006a; LeBlanc 1976, 
1977; Putsavage 2015; Ravesloot 1979; Taliaferro 2014).  All of these sites are located outside of the Plan 
Area.  However, there are a few sites where Black Mountain phase ceramics have been encountered on 
the Gila National Forest.  Usually these Black Mountain phase ceramics are present in small numbers and 
could represent the occupation of a Classic period site into the Terminal Classic period (ca. A.D. 1130-1180) 
or a limited occupation of a Classic period site by Black Mountain phase peoples. 

The Tularosa phase dates from around 800 to 600 years ago (ca. A.D. 1200-A.D. 1400).  In contrast to the 
Black Mountain phase, Tularosa phase sites do not appear to represent a distinct break in cultural 
traditions when compared to earlier manifestations in the Highland/Mountain Mogollon area.   In these 
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areas the Tularosa phase appears to represent a direct trajectory of the preceding Reserve phase.  Tularosa 
phase sites mirror their Reserve phase counterparts in all respects except for size.  Tularosa phase sites 
grow larger in comparison than those present during the Reserve phase with some containing upwards of 
60 rooms.  While larger, Tularosa phase sites are less numerous when compared to the settlement pattern 
present in the Reserve phase.  The combination of larger pueblos and less numerous small structures 
during this time period could represent the consolidation of populations into fewer settlements.  Ceramic 
assemblages present at Tularosa phase sites mirror those of the preceding Reserve phase though new 
ceramic types are introduced (e.g. Tularosa Black-on-white, Tularosa White-on-red, and St. John’s 
Polychrome) and gain in popularity (Oakes 1993; Oakes and Zamora 1999).  Tested Tularosa phase sites in 
the area include the East Ridge Ruin (Oakes 1993), Higgins Flat Pueblo (Martin et al. 1957), the Hough Site 
(Oakes and Zamora 1999), Starkweather Ruin (Nesbitt 1938), Fornholt (Dungan 2012; Dungan et al. 2012), 
and 3-Up (Dungan et al. 2012).   

In stark contrast to areas to the south around the Mimbres River, inhabitants of the Highland/Mountain 
Mogollon area continue to construct and use large communal pitstructures throughout the Pithouse 
periods and into the Pueblo Periods.  A few Reserve phase great kivas have been excavated in the Pine 
Lawn valley (e.g. Sawmill site) though the vast majority of tested great kivas in the northern Mogollon area 
date to the Tularosa phase (e.g. Fornholt, Higgins Flat, Hough Pueblo, East Ridge, and WS Ranch).  These 
generally tend to be similar to Three Circle phase great kivas in their overall shape as well as the features 
present within their confines though some are either attached to room blocks or are surrounded by 
ancillary rooms. 

The Cliff/Salado phase dates from around 700 to 550 years ago (ca. A.D. 1300-A.D. 1450) and was 
originally formulated by the Mimbres Foundation to describe sites occupied during the time span during 
which Salado Polychrome ceramics were manufactured.  Sites dating to this time period represent the late 
occupation of portions of the Plan Area by groups who share a similar material culture with groups 
occupying the Hohokam heartland of the Tonto Basin, the lower Salt River Valley, and the Middle Gila River 
Valley (LeBlanc and Nelson 1976; LeBlanc and Whalen 1980; Lekson 2002, 2006; Lyons 2004; Lyons and 
Lindsay 2006). Based on the presence of Gila and Tonto polychrome ceramics, as well as similarities in 
architectural construction techniques, Mimbres Foundation archaeologists stipulated that “Cliff phase 
populations entered the Mimbres River bearing a fully developed Salado pattern rather than having 
evolved” in situ from resident populations (LeBlanc and Nelson 1976: 77).  Thus, the Cliff phase is seen as 
a distinct break in the area’s occupation where migrating groups reoccupied an essentially abandoned 
landscape. 

While Cliff phase remains are found as far east as the Mimbres Valley, the phase gets its name from the 
dense occupation of Salado-like sites around the modern town of Cliff, New Mexico.   In this area the 
presence of Tucson and Maverick Mountain Polychrome ceramics show connections with groups in east-
central and southeastern Arizona though the architectural patterns at these sites shows more similarities 
to “puebloan patterns” than to the “compound architecture” of the Hohokam area (Wallace 1998:6). 
Despite the fact that there appears to have been a substantial Cliff/Salado period occupation in 
southwestern New Mexico, few sites relating to this occupation of the area are found north of the Gila 
River in New Mexico (Hegmon et al. 1999). 

The Protohistoric period 
The Protohistoric period in the American Southwest covers a relatively short time period and refers to the 
time span after the pan-regional large scale abandonments that took place around 550 years ago (ca. A.D. 
1450) up to the time when permanent settlements occupied by groups producing historic written records 
were present in the area (around 400 years ago).  Sometime around 550 years ago the native puebloan 
groups occupying the Plan Area are believed to have abandoned the Mimbres area and the 
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Mountain/Highland Mogollon area.  There are two possible scenarios as to where these Mogollon groups 
went.  In one scenario, these groups likely dispersed to neighboring settlements to the north, east, and 
south.  In another scenario, these groups were possibly assimilated into Athabaskan groups migrating 
south from the Great Plains.     

After A.D. 1450, and well into the historic era, Athabaskan groups occupied the Plan Area.  The exact timing 
of the introduction of Athabaskan groups into the Plan Area, as well as their route into the Southwest, is 
debated.  Most early dates associated with Athabaskan components tend to cluster around 550 to 450 
years ago (ca. A.D. 1450-A.D. 1550).  However, these dates range up to 1,100 years ago to as late as 300 
years ago (ca. A.D. 900 to A.D. 1700) (Brown 1996; Hogan 1989; Oakes and Russell 1999; Schaafsma 1981; 
Wiley 1966).  The migration route for the different Athabaskan groups entering the area was likely along 
the flanks of the Rocky Mountains and/or through the Great Plains into the San Juan Basin (Perry 1991; 
Schaafsma 1981; Seymour 2012; Towner and Dean 1996).  Radio carbon assays, Native American oral 
histories, and Spanish accounts demonstrate that Apaches were present in the Forest possibly as early as 
550 years ago with a definite presence by 480 years ago (Oakes and Russell 1999; Seymour 2008a).   

The Spanish presence within the southwest likely began shortly after Athabaskan groups entered the area.  
Expeditions into the northern frontier of New Spain in what is now New Mexico and Arizona began after 
Cabeza de Vacaʼs return from his years of wandering in the wilderness after being shipwrecked off the 
Florida/Alabama coast in 1528 (Bandelier 1981). Upon his return to Mexico, Cabeza de Vaca and those 
within his party (Alonzo Maldonado, Andres Dorantes, and Estevanico) told their accounts and of what 
they had been told about the natives to the north. Even though their accounts made little mention of vast 
riches within these lands, they spurred Spanish interest within the northern frontier (Bandelier 1981; 
Burke 1973).  

Numerous Spanish entradas would enter the Northern Territory after Cabeza de Vaca.  However, only the 
initial entradas led by Fray Marcos and Coronado likely entered the Plan Area (Figure 202).  The early 
expeditions followed a different route into the northern frontier which traversed from Compestela in the 
modern Mexican state of Nayarit; up to Vacapa in the modern Mexican state of Sonora; before crossing 
the present day international boundary by traveling up the Rio de Sonora, San Pedro River, and Gila River.  
After the Coronado expedition of 1540-1542, expeditions followed a different route, called the Camino 
Real which led from Mexico City up to present day El Paso, Texas, before traversing north along the Rio 
Grande.   

After Coronado, It would be roughly forty years before another expedition into the northern frontier would 
be undertaken.  Spanish settlement within the Northern Frontier of the present day Mexican states of 
Sonora and Chihuahua in the forty years since Coronado’s expedition had allowed entradas to follow a 
new route: the Camino Real de Tierra Adentro (Figure 202).   From 1581 until a permanent Spanish 
settlement was established at Santa Fe in 1598, five major expeditions traversed the Camino Real on their 
way to pueblos in the Northern Territory (Table 227).  In most instances, the interaction that took place 
between the Spanish and Native American Puebloan groups ended in violence and the removal of 
Spaniards in the area.  It would take the establishment of Santa Fe and a permanent presence with military 
personnel in the region to stabilize relations. 
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Figure 202. Depiction of routes followed by Fray Marcos and Coronado and later entradas along 

the Camino Real. 
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Table 227. Early Spanish entradas entering New Spain along the Camino Real. 
Year Expedition References 

1581 Fray Augustin Rodriguez 
Barrado 1967a, 1967b; Bolton 1967; Burke 1973; 
Bustamente 1967; Kessell 2002; Villamanrique 1967 

1582 Antonio de Espejo 
Barrado 1967a, 1967b; Burke 1973; Espejo 1967a; Kessell 
2002 

1590 Gaspan Castano de Sosa Burke 1973; Hackett 1923; Kessell 2002 

1590 
Francisco Leyva de Bonilla  and 
Antionio Gutierrez de Humana 

Burke 1973; Hackett 1923; Kessell 2002 

1596 Don Juan de Onate 
Bolton 1967; Burke 1973; Hackett 1923; Kessell 2002; 
Onate 1923a, 1923b, 1967a, 1967b, 1967c, 1967d, 1967e; 
Riley 1999 

 

Native American Occupation and Use after A.D. 1600 

After the establishment of Santa Fe in 1598, the Spanish Government began producing copious records of 
its activities associated with their attempts to colonize the northern frontier.  As time progressed, and 
colonial administrations entered into previously unoccupied areas, the number of such records increased.  
These records allow for a more thorough study of activities taking place from A.D. 1600 through to the 
present.  For the intents of the following discussion, Native American and Anglo-American history can be 
divided into three broad time frames: 

1. The Early Historic period corresponds to the time period from 1600 to 1680.  During this time span 
numerous Spanish settlements are established along the Camino Real and missions are 
established at Native American pueblo settlements.   The Early Historic period ends with the 
expulsion of European settlers from the region as a result of the Pueblo Revolt of 1680.    

2. The Middle Historic period corresponds to the time period from 1680 to 1890.  It is during this 
time period that European settlement is reestablished in New Spain’s northern frontier.  It is during 
this time span that administration of present day New Mexico shifts as different nation states gain 
control of the area through armed conflict (i.e. Spain, Mexico, and the United States).  

3. The Late Historic period corresponds to the time period from 1890 through to the recent past (ca. 
A.D. 1950).  It is during this period that Apache groups residing in the Plan Area are forcibly 
removed and Anglo-American settlement within the region expands, the Plan Area is established 
as a Forest Reserve, and New Mexico gains statehood.  Cattle ranching, logging, and mining 
activities increase in the region as America enacts its Manifest Destiny.    

The Early Historic period 
The Early Historic period (ca. A.D. 1600-1680) was a time of substantial change for both the colonial and 
native populations.  During this period, many missions were established.  In relation to the Gila National 
Forest, the closest missions were those present in the Salinas Basin, roughly 75 miles to the northeast.  
From 1625 through 1629, a series of missions were established in this area by Fray Francisco Acevedo 
(Prince 1915).  Father Acevedo was responsible for the construction of missions at the pueblos of Abo, 
Tabira, and Tenabo.  By 1630 missions had also been established at nearby Quarai and Gran Quivera.  
Between 1675 and 1680, the missions present in the Salinas Basin were destroyed (Prince 1915).  Some 
attribute the demise of these institutions to Apache raids while others attribute their destruction to intra-



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  674  

community conflict that emerged from economic stress brought about by drought, the introduction of 
pathogens into Native American communities, the desecration of traditional ceremonial structures, and 
the increasingly authoritative hand of Spanish settlers at nearby communities (Prince 1915). 

A combination of socio-economic factors led to the Pueblo Revolt of 1680, where, under the guidance of 
Pope, an Indian from San Juan Pueblo (today known as Ohkay Owingeh), the puebloan populations rose 
in unison and attacked Spanish settlements and missions, causing those who did not perish, to flee from 
the area and resettle in areas surrounding El Paso, Texas.  On August 10, 1680, pueblo Indians throughout 
the province of New Mexico rose up and slaughtered the Spanish within their communities and razed 
evidence of their presence to the ground.  The final battle of the revolt took place at Santa Fe on the 16th 
of August; Pope accompanied by Indians from the Tewa pueblos, Taos, Picuris, Tiwa groups and others, 
numbering around 2,500 natives in all, attacked the town of Santa Fe, pushing the Spanish soldiers in the 
town to fortify the Governors Palace. Pope laid siege to the Palace and managed to set part of the structure 
on fire; on the 18th, Otermin, governor of New Mexico, took two hundred of his toughest soldiers and 
fought through the Indian forces.  On the 19th, the governor led his population to Isleta Pueblo to search 
for survivors; there they caught news of a plotted attack, picked up and moved south, taking a group of 
Isleta natives with them to El Paso. 

The Middle Historic period 
The Middle Historic period (ca. A.D. 1680-1890) represents the time span after the Pueblo Revolt to when 
Apache groups occupying the Plan Area were forcibly removed from their native homelands.  This time 
period is further subdivided based on the nation state administration responsible for the Plan Area.  From 
1600 through 1821, present day New Mexico was administered by the Spanish Government.  In 1821, 
Mexico gained its independence from Spain and as a result gained control of the Plan Area.  In 1848, with 
the signing of the Treaty of Guadalupe Hidalgo, the United States acquired the Western Territory, an area 
encompassing lands west of the Rio Grande to present day California.  The southern portions of present 
day New Mexico and Arizona were acquired through the Gadsden Purchase of 1854. 

The Spanish Administration of its northern frontier was partially interrupted by the Pueblo Revolt.  
However, settlement into present day Sonora and Chihuahua, Mexico continued during this time frame. 
While the Pueblo Revolt represents one of the only attempts by Native Americans to expel the European 
colonists invading the New World, it was a short-lived revolution.  By 1690 the northern frontier was again 
part of New Spain.  While the Spanish had made some strides in reestablishing relations with Pueblo 
groups along the Rio Grande, their relations with other Native American groups waned.  This was in part 
due to the fact that Spanish settlements near areas occupied by non-Puebloan groups prior to the Pueblo 
Revolt were depopulated and/or abandoned (e.g. the Salinas Basin pueblos).  It would be roughly 100 
years before Spanish explorations entered the Plan Area again. 

Despite sporadic conflict with Navajos, Apaches, and other tribes, Spanish settlement expanded from the 
northern and central Rio Grande Valley following the Pueblo Revolt. The Spanish crown (followed by the 
Mexican government after 1821) issued grants of land to individuals and communities to settle and use 
lands along the margins of the Spanish colony. Fifteen grants were issued for settlements adjacent to the 
Plan Area between 1718 and 1844 (Figure 203, Table 228). 
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Figure 203. Location of Spanish and Mexican land grants adjacent to the Plan Area 
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Table 228. Spanish and Mexican land grants established within 50 miles of the Plan Area. 

Grant Name 
Date Issued 

(Spain/Mex.) Type 
Date Confirmed 

(U.S.) 
Adjacent/Nearest 
Ranger District 

Acoma Pueblo 1689 Community 1877 Quemado 

Armendaris No. 33, 
Pedro 1819 Private 1860 Black Range 

Armendaris No. 34, 
Pedro 1820 Private 1860 Black Range 

Belen 1740 Community 1858 Quemado 

Bosque del Apache 1845 Private 1860 Black Range 

Brazito 1823 Private 1879 
Black Range/ Silver 
City 

Casa Colorado 1823 Community 1858 Quemado 

Cubero 1833 Community 1897 Quemado 

Dona Ana Bend 
Colony 1840 Community 1902 

Black Range/ Silver 
City 

J.M.S. Baca 1853 Private 1902 
Black Range/ Silver 
City 

Mesilla Civil Colony 1853 Community 1902 
Black Range/ Silver 
City 

Santo Tomas de 
Iturbide 1853 Community 1903 

Black Range/ Silver 
City 

Sevilleta Grant 1819 Community 1901 Quemado 

Town of Socorro 
Grant 1815 Community 1895 

Quemado/Black 
Range 

Zuni Pueblo 1689 Community 1877 Quemado 

After attempts to use missions to convert Native groups had failed, Spain began implementing a system 
whereby the military was used to secure amicable relations between Euro American and Native American 
groups who occupied the Plan Area.  After 1786 the Spanish government offered Apaches goods in 
exchange for residing near presidios, termed “establieimientos de paz” (peace establishments), these 
administrative units would influence future relations between Apache groups and the shifting Nation-
State administrations of the area (Griffen 1989:9).  From 1786 through 1793, the Spanish government 
issued rations to peaceful Apache groups living within 10 miles of presidios.  While none of these “peace 
establishments” existed in New Mexico, those present in the modern Mexican states of Sonora and 
Chihuahua serviced Apache groups who sometimes resided in the Plan Area.  In 1794, the Spanish 
government began steadily decreasing funding for these rations.  Despite the lessening rations, there was 
a period of relative stability and peace between the Spanish and Apache groups in the Northern Frontier 
until Mexican independence in 1821 (Griffen 1989). 

Between ca. A.D. 1770-1790, the Chiricahua Apache occupied the Plan Area.  This group belonged to the 
southern division of the Athabaskan linguistic stock and was divided into four bands: a southern group 



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  677  

referred to as the Nednhis band, the Central Chiricahua band, a northern group known as the Bedonkohes 
band, and an eastern group referred to as the Chihenne band (Sweeney 1998).  Each of these groups had 
a fairly well defined territory.  The Nednhis band is sometimes referred to as the Janeros, Carrizalenos 
and/or the Pinery Apaches.  These distinctions refer to geographic locations where these groups were 
known to frequent.  The Janeros were frequently encountered around the presidio of Janos while the 
Carrizalenos were commonly encountered near the presidio of Carrizal, both in the modern Mexican state 
of Chihuahua (Sweeney 1998).  However, the range of these groups extended north past the present-day 
international four-corners area (Arizona, New Mexico, Sonora, Chihuahua).  The Central Chiricahua band 
was commonly encountered in southeastern Arizona, north to the Gila River, south to the northern 
portions of the modern Mexican states of Sonora and Chihuahua, and east into southwestern New Mexico 
(Sweeney 1998). The Bedonkohes inhabited areas around the Gila River north into the Mogollon 
Highlands.  To the east, the Chihenne band inhabited the region encompassed by much of the Plan Area 
(Sweeney 1998).  Like the Janero/Carrizaleno local group distinction for the Janero band, the Chihenne are 
sometimes referred to variously as the Mimbres, Copper Mines, Warm Springs, or Gila Apaches based on 
areas frequently inhabited by different local groups.   

The leaders of the Janero band from roughly 1820 through 1860 were Juan Diego Compá, Juan José 
Compá, Coleto Amarillo, Láceres, Galindo, and Juh.  During this same time period, the Carrizalenos were 
led by Jasquedegá, Cristóbal, Francisquillo, Cigaretto, Cojinillin, and Felipe.  From 1800 through 1860 the 
leaders of the Central Chiricahua band were Pisago Cabezón, Matias, Tapilá, Yrigóllon, Esquinaline, Miguel 
Narbona, and Cochise.  During this same time period, the Bedonkohes were led by Mahko, Mano Mocha, 
Teboca, and Phalios Palacio.  Finally, the Chihenne band was led by Ojos Coloradas, Mangas Coloradas, 
Pluma, Cuchillo Negro, Itán, Ponce, Delgadito, and Victorio.   

Many of these early band leaders inherited a general time of peace.  From roughly 1780 through 1810, 
hostilities between the Spanish and the Apaches were minimal, though small raiding parties did attack 
Spanish settlements on occasion.  Many of these conflicts erupted over the establishment of a mining 
settlement at Santa Rita del Cobre in 1803 (directly south of the Plan Area).  By 1807, members of the 
Chihennes and Bedonkohes Apache began systematically attacking this settlement.  The frequency of 
attacks on Santa Rita del Cobre and other Spanish settlements increased throughout the following years.       

The Mexican Administration of the region began in 1821 when Mexico won its independence from Spain 
and assumed control over the colony of New Mexico. Located at the fringe of the newly organized nation, 
New Mexico was relegated a minor role in national politics. The change of government resulted in less 
official oversight of local politics and permitted a greater degree of religious and secular autonomy for 
Native American groups in New Mexico. The lack of oversight, however, also resulted in additional losses 
of Pueblo lands that were once protected by the Spanish Crown (Hudson 2011; Weber 1982). 

Unlike their Spanish predecessors, the Mexican government did not initially provide rations to Apache 
groups living in the territory of New Mexico (Griffen 1989).  From 1821 through 1830, the Mexican 
government sent little to the frontier.  Busy dealing with expended treasuries and reorganizing a central 
government, the frontier settlements were essentially left to whither.  With what little assistance came, 
some rations were able to trickle into Apache Rancherias near presidios.  By 1830, rationing ceased, and 
by 1831 nearly “every Apache band formerly under Mexican influence had gone to war” (Sweeney 1998: 
43).  With no reason to remain settled around the Spanish presidios, Apache groups began dispersing into 
the surrounding mountain ranges.  With the dissolution of amicable relations, Apache groups resumed 
their raiding of the invading European and Mexican settlers. 

Throughout the early part of the nineteenth century, western expansion of the United States increased 
the level of American influence over the Southwestern region. Following disputes over the Unites States’ 
annexation of Texas, and the subsequent attack of Mexico on Texas settlements in disputed territory, the 
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United State declared war on Mexico on May 13, 1846. General Zachary Taylor was ordered to attack 
Mexico from Texas and Colonel Stephen Watts Kearny was charged with organizing an invasion force from 
Fort Leavenworth, Kansas.  Kearny was ordered to occupy New Mexico, and then head west towards 
California.  Kearny left Kansas with roughly 3,200 men spread out in three companies led by himself and 
Colonel Sterling Price.   

On August 18, 1846, Kearny entered Santa Fe and garrisoned his troops; on September 25, 1846 he headed 
to California with 300 of his men.  On April 6, 1846, Kearny’s contingent crossed paths with Kit Carson near 
Socorro.  Apparently Carson had encountered a group of Apache outside of Santa Rita del Cobre who were 
waiting for the American General who controlled the territory.  Carson had conducted peaceful exchanges 
with this Chihenne group.  Upon hearing this, Kearny enlisted Carson as a guide for his route to California 
and sent 200 of his men back to Santa Fe.  On October 10, 1846, Kearny, Carson, and 100 soldiers made 
camp near Santa Rita del Cobre.  Later that evening, Mangas Coloradas entered camp where he “pledged 
good faith and friendship to all Americans” (Sweeney 1998:143).  Due to the years of nearly constant war 
between the Chiricahua Apache and the Mexican Government various Apache groups were willing to enter 
peaceful relations with the American Government if this meant aid against Mexico. 

The American Administration of the region began in 1848 as a result of the United States’ victory over 
Mexico during the Mexican-American War.  As a result, the United States found itself with a new frontier 
in need of exploration to determine the nature and extent of the newly acquired resources.  In efforts to 
inventory these resources, it quickly became apparent the area was inhabited by both Native American 
groups with a long history of occupation as well as more recent Spanish/Mexican groups.  While some of 
these groups acclimated to the change in government, other groups made attempts to preserve their life-
ways in the face of an “unknown and alien power” (Stewart 1993: 4). 

As stipulated in the Treaty of Guadalupe Hidalgo, the “savage tribes” occupying the newly acquired 
territory were to become the responsibility of the United States Government.  The treaty also stipulates 
that incursions of these savage tribes into Mexico “would be prejudicial in the extreme…and that such 
incursions shall be forcibly restrained by the Government of the United States…and that when they cannot 
be prevented, they shall be punished by said government…with equal diligence and energy, as if the same 
incursions were mediated or committed within its own territory, against its own citizens” (Thrapp 1967:7).  
While these demands were later rescinded in the Gadsden Treaty of 1854, the United States Government 
was still expected to keep Apache groups inhabiting the new territory from raiding Mexican settlements 
across the newly established international boundary.   

It was from a series of ever expanding military posts that many campaigns were mounted against the 
Apache groups inhabiting the Plan Area.  The time period come to be known as the Apache Wars (ca. A.D. 
1849-1886) had its roots as the entrance of Spanish into the southwest and the increasingly urgent desire 
to protect native homelands from the invading onslaught of Euro-American settlers.  

Military fortifications in New Mexico began with the construction of Fort Marcy near Santa Fe in 1846.  
This and other forts constructed in the area in the intervening years were used to hold and protect 
population centers, protect travel routes, and mount campaigns against hostile Native American groups.  
The first military presence near the Plan Area began shortly after the construction of Fort Marcy.  In 1851 
Fort Fillmore was constructed to protect the inhabitants of Mesilla (present day Las Cruces) and traders 
traveling to California.  In the same year, the first Fort Webster was established in Santa Rita to protect the 
workers of the emerging mining town.  In 1853, the garrison stationed at Fort Webster moved to the newly 
constructed Fort Thorn, located just north of Santa Barbara (modern day Hatch, New Mexico).   By the 
1860s, multiple forts had been established in southwestern New Mexico.  In 1866, Fort Bayard was 
constructed to protect the mining operations and resident populations around Silver City and Pinos Altos.  
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In the same year, Fort Webster was reoccupied to protect the Santa Rita mines.  Finally, Fort Tularosa was 
constructed in 1872 to administer an Apache reservation intended to house Warm Springs Apache groups.    

In July of 1852, Mangas Coloradas met with Colonel Edwin Vose Sumner, the military commander of New 
Mexico, and John Greiner, the acting Superintendent of Indian Affairs in New Mexico, at Acoma Pueblo to 
go over the terms of a peace treaty.  The treaty contained eleven articles which called for the Chihennes 
and Bedonkohes to recognize the United States and establish friendly relations between the two races, 
and to allow the United States to establish military and administrative units in their territory.  Mangas 
Coloradas was the only Chiricahua Apache leader to sign the treaty, though the names of Ponce, Itán, 
Sergento, Dosientos, and José Nuevo were included on the treaty.  In the following months many 
important Chiricahua Apache leaders inhabiting the Plan Area came into Fort Webster to formally express 
their interest in having peaceful relations with the American military.  These compacts obligated the United 
States government to issue rations to peaceful Apache groups living in proximity to Fort Webster.  In 
exchange, Apache groups were to begin practicing agriculture along the Mimbres River and were to be 
given a breeding stock to become pastoralists.  These stipulations were never fully carried out by the 
Americans stationed in New Mexico despite the peaceful relations between the Apaches and Americans.   

Because of the inability of the U.S. Government to follow through on its treaty obligations, tensions 
between American settlers and Apache groups inhabiting the Plan Area grew and culminated in various 
armed confrontations.  On December 4th, 1860, a number of miners and settlers from Texas attacked an 
Apache Rancheria in the Mimbres Valley.  The Battle of the Mimbres River, and the ensuing Bascom Affair, 
which led to the capture of members of Cochise’s immediate family, led to multiple retaliations including 
battles at Cookes Canyon in August of 1861, in the Florida Mountains in August of 1861, in Pinos Altos in 
September of 1861, and at Apache Pass in July of 1862 (Sweeney 1998: 412-440).  These and other armed 
confrontations established a precedent that would guide relations between Americans and Chiricahua 
Apaches until the latter were forcibly removed from the area. 

In retaliation to these skirmishes, the United States Government established Fort West near Santa Lucia 
to more easily agitate the group of Gila Apache under the guidance of Mangas Coloradas.  On January 17, 
1863, Mangas Coloradas was lured into Pinos Altos where he was captured by the town militia.  The 
Apache leader was later handed over to General Joseph Rodman West at Fort McLane which had been 
abandoned in 1861 and later burned to the ground by Apache raiders.  Mangas Coloradas was murdered 
the following night by a group of soldiers ordered to guard the prisoner. 

Upon the death of Mangas Coloradas, Delgadito assumed leadership responsibility for the Bedonkohe and 
Chihenne Apaches at Santa Lucia.  His tenure as tribal leader was short lived and upon his death in 1864, 
Victorio became one of the most prominent leaders of the Santa Lucia local group of Apache.   

By 1866, most Chiricahua Apache groups inhabiting the Plan Area had actively expressed interest in 
establishing peace with the United States though only if they were able to settle their native lands at Ojo 
Caliente/ Cañada Alamosa.  Finally, in 1870, the U.S. Government began establishing a reservation for the 
Warm Springs Apache at Ojo Caliente and by the end of the year nearly 1,000 Apaches were present in 
the area (Thrapp 1974).  However, as the Apache presence in the area increased, surrounding Anglo-
American inhabitants became increasingly weary of having such a concentration of “hostile” Apaches 
nearby.  Because of growing tensions, Chiricahua Apache groups began to abandon the informal Ojo 
Caliente reservation and retired to the safety of the surrounding mountains. 

Another reservation was hastily established at Tularosa and Apache groups began the forced relocation in 
May of 1872.  By June of 1872, roughly 400 Apaches were residing within the confines of the reservation 
(Thrapp 1974).  However, by October of 1872, Apaches had begun filtering out of the reservation due to 
“sickness and death amongst children; the impurity of the water; coldness of the climate; (and) the crops 
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failing from early frost” (Thrapp 1974: 148). By this time, the Chiricahua Apaches residing at Tularosa were 
growing weary.  They had been promised that they would be allowed to return to Cañada Alamosa within 
a year.  However, unbeknownst to the Apaches, plans had already been made to resettle Apaches further 
east. 

By May of 1877, many of the Warm Springs Apache were forced to resettle at the San Carlos Reservation 
(Thrapp 1974) and by July of 1879 were again forced to the Mescalero Apache reservation at Fort Stanton.    
On April 21st, 1879, shortly after hearing he was wanted for theft and murder charges in Grant County, 
Victorio and the majority of the Warm Springs Apache groups at Fort Stanton fled the Mescalero 
Reservation (Thrapp 1974:218). 

Victorio and his forces entered their first in a series of armed skirmishes with the U. S. Military on 
September 14th, 1879.  Victorio led his group of Chiricahua Apache in a number of armed confrontations 
throughout the following year (Table 229).  These culminated on October 15, 1880 with the battle at Tres 
Castillos, where Mexican forces led by Juaquine Terrazas ambushed Victorio’s Apaches.  When the conflict 
ended the following morning, 78 apaches had been killed, among them Victorio, and 68 Apaches had been 
taken prisoner (Thrapp 1974:303). 

Table 229. Armed confrontations led by Victorio from September, 1879 through October, 1880. 
Battle Name/Location Military Date 

Massacre Canyon/New Mexico United States September 14, 1879 

Cuchillo Negro Creek/New Mexico United States September 29, 1879 

Guzman Mountain/Mexico United States October-November, 1879 

Candelaria Mountain/Mexico Mexico November-December, 1879 

Hembrillo Canyon/New Mexico United States April, 1880 

Cooney's Mining Camp/New Mexico United States April 29, 1880 

Palomas River/New Mexico United States May 23, 1880 

Cookes Peak/New Mexico United States June 5, 1880 

Tres Castillos/Mexico Mexico October 15, 1880 

As Thrapp notes, the death of Victorio marked the last time Apaches were able to roam in such numbers 
as to “ravage” the country (Thrapp 1974:312).  While opposition to the reservation system being 
implemented was always present, more Chiricahua Apaches began to accept the system.  Future forays 
from notable Apache leaders such as Nana, Loco, Juh, and Geronimo were brief and generally entailed less 
than 30 warriors (Thrapp 1967).  The last major armed confrontation between Chiricahua Apaches and the 
U.S. military took place in the spring of 1886.  After the resulting surrender of Geronimo, many of the 
Chiricahua Apaches residing on reservations were gathered as prisoners of war and transported to military 
establishments in Florida.  In 1914, the remaining Prisoners of War received allotments in Oklahoma (the 
Fort Sill Apache Tribe).  To date, the Warm Springs Chiricahua Apache are one of the only Native American 
groups to never have a formal reservation established in the ancestral homeland (Thrapp 1967). 

The Late Historic period 
The Forest Service administration of the area began with the establishment of seven forest reserves and 
national forests between 1899 and 1909. The Big Burro National Forest was added to the Gila in 1908.  
Portions of the Datil National Forest were transferred to the Gila in 1931 and portions of the Crook National 
Forest were transferred to the Gila in 1953. The Gila National Forest also administers portions of the 
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Apache National Forest in New Mexico.  Portions of the Apache National Forest in Arizona were combined 
administratively with the Sitgreaves National Forest in 1974 (see Chapter 17: Land for more details). 

The initial establishment of Forest Service jurisdiction over the Plan Area likely had an impact on its use by 
traditional Spanish and Native American communities, with the greatest effect being the regulation of 
grazing. Many small operations were granted free use permits by the agency, but this practice was phased 
out after World War II with a strong negative impact on small operators (deBuys 1985; Raish and 
McSweeney 2008). The advent of industrial logging and mining in the Forest arguably had a greater impact 
on the Native American, Hispanic, and Anglo peoples who lived in the vicinity of the Plan Area. 

The development of the logging and mining industries on the Gila National Forest were driven by the 
development of the transcontinental railroad system in the United States. The railroad reached 
Albuquerque in 1880, and the Santa Fe Railroad connected with the Southern Pacific Railroad at Needles 
in 1883, cutting the travel time to New Mexico from Chicago from three months to five days. Along the 
spine of this railroad connection was built a network of railroad lines throughout Arizona and New Mexico, 
and the commercial logging industry in New Mexico boomed (Baker et al. 1988). 

In nearly every ranger district on the Forest, commercial logging endeavors took place.  In certain 
instances, like logging activities near Pinos Altos, these endeavors were facilitated by the establishment of 
railroad spurs that transported harvested timber to mills located outside the Gila National Forest.  In other 
instances, mule teams transported timber to mills constructed within the Forest.  Milled lumber was then 
distributed via the emerging rail lines.  Logging activities on the Wilderness Ranger District were severely 
hampered by the administrative establishment of the Gila Wilderness area in 1924.  Similar acts of 
Congress (i.e. the Endangered Species Act of 1973), the removal of railroad spurs adjacent to the Plan 
Area, and the subsequent relocation of timber mills away from the Forest likewise dealt substantial blows 
to the logging industry in the Plan Area over the coming years.  

As with the logging industry, the railroad facilitated mining in the vicinity of the Plan Area. The early part 
of the twentieth century saw copper, gold and silver mines in the mountains on the Black Range, Silver 
City, and Glenwood Ranger Districts.  Many of these mining districts, particularly those surrounding the 
Silver City Ranger District, first began being exploited by Spanish miners and continue to produce 
substantial quantities of ore today. 

The Great Depression was the worst economic disaster the United States has ever experienced and   
marked a turning point in American history. Young people entering the work force were most affected by 
the economic crisis. Jobs were not available for unskilled laborers and there were limited opportunities 
for people entering the job market to gain experience. 

In 1933, President Roosevelt introduced the New Deal program to the American people. The New Deal 
was a combination of short-term strategies designed for immediate relief, and longer-term strategies 
designed to promote the economic recovery. It included banking practice reforms like the Federal Deposit 
Insurance Corporation (FDIC), the Farm Security Administration, and the Civilian Conservation Corps (CCC). 
Men in the New Deal programs operated under several Federal agencies, including the Soil Conservation 
Service and the National Park Service, but more than 50 percent of all the public works projects 
administered by the New Deal were undertaken by the Forest Service (Otis et al. 1986). 

From 1933 through 1939 approximately 13 CCC camps and spike-camps were established within or near 
Plan Area (Table 230).  Work conducted by enrollees at these camps included extensive watershed 
rehabilitation projects, construction of campgrounds, construction of telephone lines, construction of 
range improvements (e.g. cattle tanks, fences, etc.), and construction of roads. 
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Table 230. Civilian Conservation Corps camps established in the Plan Area. 

Camp No. Camp 
Company 

No. Date Railroad Post Office 

DF-2-N Tularosa 1849 7/12/1934 Silver City Reserve 

DPG-1-N Silver City 1861 6/9/1934 Silver City Silver City 

F-11-N Mimbres/Camp Sully 2841 4/29/1936 Silver City Silver City 

F-11-N Mimbres/Camp Sully 3343 10/14/1939 Silver City Mimbres 

F-12-N Redstone/Jack Fleming Camp 813 5/10/1933 Silver City Pinos Altos 

F-15-N Little Walnut/Whitehill Camp 846 5/25/1933 Silver City Silver City 

F-1-N Pueblo Park/Camp Beale 841 6/4/1933 Silver City Reserve 

F-24-N Glenwood 3835 10/11/1939 Silver City Glenwood 

F-25-N Glenwood 813 10/15/1934 Silver City Glenwood 

F-25-N Glenwood 3836 10/11/1941 Silver City Glenwood 

F-25-N Glenwood 3836 5/4/1936 Silver City Glenwood 

F-2-N 
Apache Creek/Camp 
Chaffee/Tularosa 1818 6/30/1933 Silver City 

Apache 
Creek 

F-2-N 
Apache Creek/Camp 
Chaffee/Tularosa 2358 11/1/1939 Socorro 

Apache 
Creek 

F-34-N Beaverhead 835 5/1/1934 Silver City Silver City 

F-34-N Beaverhead 886 5/18/1935 Silver City Silver City 

F-34-N Beaverhead 3343 6/28/1940 Silver City Mimbres 

F-52-N Willow Creek/Mogollon 3836 6/1/1938 Silver City Glenwood 

SCS-14-N Little Walnut 2844 7/26/1935 Silver City Silver City 

SCS-15-N Whitewater 2846 10/22/1936 Whitewater Whitewater 

SCS-18-N Buckhorn 1851 8/9/1934 Silver City Gila 

SCS-18-N Buckhorn 2845 7/22/1935 Silver City buckhorn 

SCS-20-N Mangas 843 10/7/1934 Lordsburg Red Rock 

SCS-26-N Silver City 2839 12/31/1939 Silver City Silver City 
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Description of Cultural and Historic Resources including Heritage 
Assets Present in the Assessment Area 
Cultural and historic resources can be divided into two, overlapping categories: archaeological resources; 
and characteristics of historic and cultural importance to traditional communities.  Historic properties are 
defined under Section 110 of the National Historic Preservation Act (NHPA) [16 U.S.C. 470(a)(1)(A) and (B)] 
and NPS Bulletin 15 (National Register of Historic Places Staff 2002) as objects, structures, buildings, and 
sites, and districts of the four aforementioned property types, that are listed or eligible for listing to the 
National Register of Historic Places (NRHP), based on their importance to local, regional, or national 
history.  Thus, the term “historic properties” represents a specific designation for archaeological resources 
that are eligible for listing in the NRHP.  In accordance with the Region 3 Programmatic Agreement (USDA 
2010), archaeological resources for which eligibility cannot be established (“undetermined” resources) are 
treated as if eligible to the NRHP.  The treatment of “undetermined’ resources as if they are eligible for 
inclusion in the NRHP is a general practice for all projects in the Plan Area.  Also included in this discussion 
are resources that have been evaluated and found to be not eligible to the NRHP.  Although not considered 
historic properties under U.S.C. 470(a)(1)(A) and NPS Bulletin 15, because of the information gathered as 
part of their NRHP evaluation can be valuable for the interpretation of historic occupation and use of Gila 
National Forest, resources determined to be not eligible for inclusion in the NRHP are also considered 
here.  Traditional cultural properties (TCPs) are a subset of historic properties, and are discussed more in 
Chapter 18: Areas of Tribal Importance.  Traditional cultural properties are historic properties that are in 
the main or in part eligible to the NRHP because of their “association with cultural practices or beliefs of 
a living community that (a) are rooted in that community’s history, and (b) are important in maintaining 
the continuing cultural identity of the community” (Parker and King 1998).  The sources and descriptions 
of the data used to describe historic properties in this and the remaining sections of this assessment are 
found in the Planning Record. 

The places and characteristics of the Plan Area that are of cultural and historic significance to the 
traditional communities in the vicinity of the Gila National Forest can include TCPs and other historic 
properties, but are not limited to them.  More broadly, characteristics of cultural and historic importance 
are places within or qualities of the Plan Area that are important to maintaining the cultural and historic 
identity of traditional communities.  These characteristics can be defined as historic properties, general 
areas corresponding to the distribution of physical attributes such as types of plants or geographic 
features, or non-place based characteristics such as solitude. 

Information used to compile this assessment consisted of published sources, site and report records for 
the Gila National Forest, corporate geographic information system (GIS) and INFRA databases for the Gila 
National Forest, State of New Mexico GIS clearinghouse, and New Mexico Cultural Resources Information 
System (NMCRIS) database information relevant to the Gila National Forest.  As directed by 36CFR 
296(a)(2), interested parties who are knowledgeable about the cultural and historic resources and uses of 
the Forest, including American Indian tribes, traditional communities, scientific researchers, and 
professional and avocational organizations, were contacted to request information regarding the Plan 
Area.  Letters were sent to interested parties in the winter and fall of 2015 and other activities (e.g. email 
correspondence and phone calls) were conducted to contact interested parties.   

In the following discussions, the terms cultural resources and archaeological sites are somewhat used 
interchangeably.  For the Gila National Forest, a cultural resource site is defined as “a locus of purposeful 
human activity which has resulted in a deposit of cultural material beyond one or a few accidentally lost 
artifacts.”  Cultural resources that qualify as sites should exhibit at least one of the following: 

1) One or more features 
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2) One formal tool if associated with other cultural material, or more than one formal tool 

OR 

3) An occurrence of cultural material that contains one of the following: 

a. Three or more types of artifacts 

b. Two types of artifacts or materials in a density of at least 10 items per 100 square meters 

c. A single type of artifact or material in a density of at least 25 items per 100 square meters.  

Likewise, usage of the term “historic property” is reserved for those heritage/cultural resources that have 
been determined to be eligible for inclusion, or those that are listed in the National Register of Historic 
Places (NRHP).  Thus, historic properties represent a specific type of archaeological site with a specific 
determination of eligibility in relation to national guidelines.    

Description of Archaeological Resources 
On the Gila National Forest, the parameters for the description of archaeological resources are set by the 
extent of inventories conducted for the identification of those resources, which are typically termed 
cultural resources inventories or surveys.  Such inventories have been conducted systematically since the 
early 1970s as part of the Section 106 (NHPA) process.  Additional surveys have been conducted under 
Section 110 (NHPA), and by other entities for research purposes unrelated to forest management. 

As of September of 2015, approximately 580,092 acres within the Plan Area or approximately 17.1 percent 
of its total area have been inventoried.  Of this, approximately 399,421 acres or 11.8 percent of the total 
Forest are considered to have been inventoried to current standards.  The term “current standards” 
reflects inventory endeavors what have been conducted by systematically walking a survey block with 
transect spacing no greater than 15 meters apart.  As one can imagine, survey standards have changed 
through time.  In most instances, those surveys not conducted to current standards implemented either a 
sampling strategy whereby the entire project area was not systematically inventoried or the transect 
interval implemented in the survey exceeded the 15 meter spacing required by the State of New Mexico 
for current inventories.   Inventory has not been conducted evenly across the six districts, or within each 
district.  Acres inventoried by district are listed in Table 231 and shown in Figure 204. 

Because the vast majority of inventory conducted within the Plan Area has been conducted for Section 
106 (NHPA) purposes, the amount of inventory reflected in Table 231 for each district is a consequence of 
the extent of land management activities conducted on each over the past four decades.  An emphasis on 
timber harvesting and fire-adapted ecosystem restoration has meant that inventory has been 
concentrated in the ponderosa pine and mixed conifer vegetation zones on the Reserve and Quemado 
Ranger Districts.  On the Wilderness Ranger District, a major portion of these forest types are in designated 
wilderness areas where timber harvesting and most ecosystem restoration activities are prohibited or 
limited in scope.   
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Table 231. Archaeological survey acres for each Ranger District. 

District and Inventory 
Characteristic 

Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

District Size (Ac.) 557,572 603,382 525,448 686,171 613,118 406,766 

Survey to Standard (Ac.) 27,256 136,435 56,423 18,839 108,222 52,243 

Survey not to Standard 
(Ac.) 23,629 72,758 4,699 3,863 70,600 5,118 

Total Survey (Ac.) 50,886 209,194 61,123 22,702 178,823 57,361 

Percent Inventoried 9.13 34.67 11.63 3.31 29.17 14.10 

While the spatial distribution of inventories has biased our understanding of the location of archaeological 
sites within the Plan Area, there is enough information to describe the nature, cultural affiliation, and 
distribution of archaeological resources in its holdings.  As of September of 2015, a total of 6,168 
archaeological sites have been recorded on the Gila National Forest.  As most of the inventories conducted 
have been carried out for management purposes, almost all of the archaeological sites recorded were 
located by these inventories.  The distribution of archaeological sites and their densities are listed in Table 
232 and their locations are displayed in Figure 205. 

Table 232. Number of archaeological sites and their density on each Ranger District 

Ranger District Number Density/100 Acres Surveyed Density/Mile2 Surveyed 

Black Range 338 0.66 4.25 

Quemado 1,685 0.81 5.16 

Glenwood 811 1.33 8.49 

Wilderness 922 4.06 25.99 

Reserve 1,344 0.75 4.81 

Silver City 1,068 1.86 11.92 
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Figure 204. Depiction of areas where archaeological survey has been conducted in the Plan Area 

0 5 10 20 
••:J•ll•~•ll•~---• Miles 
IIIII 

0 5 10 
I 
I 
I 

Kilometers 
20 

Legend 

* City/Town 

D Gila NF Boundary 

~ Wilderness Area 

• Survey Area 

0 Ranger District 

[J State Boundary 

~ 
Out:fnildo 

* 

Arizons New Mexico 

A Silver City RD 
B: Glenwocxl RD 
C. Wilderness RC 
D: Black Ranne RD 
E; Reserve RD 
F: Quemado RD 

·-.. ··-···-···-· ... ·-· 
i 



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  687  

 
Figure 205. Location of known archaeological sites present within the Gila National Forest. 
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In the following sections attempts are made to describe the distribution of archaeological sites in relation 
to characteristics of the natural landscape.  The characteristics chosen for analysis include the elevation of 
the landform upon which a site located, the major vegetation community surrounding a site, the gradient 
of the landform the site is located on, the distance to the nearest water source from a site, the agricultural 
potential of the landform upon which the site is situated, and the physical description of the landmass the 
site is located on.  These variables were chosen for analysis because they influence the types of activities 
possible by site inhabitants.  For instance, elevation affects what types of natural resources are available 
in an area (e.g. elk, deer, piñon nuts, etc.) and also affects agricultural pursuits as the length of the frost-
free-period decreases as elevation increases.  The variables used in this analysis were likely similarly 
considered when prehistoric and historic peoples undertook activities responsible for the site formation 
process. 

Roughly 95 percent of the archaeological resources on the Forest are found at elevations below 8,000 feet 
above mean sea level (Table 233).  Some of this pattern can be explained by the fact that approximately 
80 percent of the terrain in the Plan Area falls at or below 8,000 feet in elevation and that statistically less 
high elevation territory has been inventoried.  However, sampling doesn’t fully account for the lower site 
count at higher elevations; this is particularly evident on the Glenwood, Wilderness, and Silver City Ranger 
Districts, where site densities drop sharply even in areas where inventory has been conducted at high 
elevations (>8,000 ft).  The Reserve and Quemado Ranger Districts are an exception to this pattern.  
Roughly 10 percent of the sites on the Quemado District are located in areas above 8,000 feet, and nearly 
five percent of sites on the Reserve District are located in higher elevations (>8,000 feet).   This is in part 
because these districts have a considerable portion of their holdings in these high elevation areas (Reserve 
ca. 28% and Quemado ca. 36%).  However, this is also a reflection of past land use strategies.  Many of the 
high elevation sites on these districts are a result of logging activities in the area as well as high elevation 
hunting areas of unknown socio-temporal affiliation.  From an archaeological standpoint, it appears that 
prehistoric use was focused on lower elevation areas.  This is potentially a result of subsistence practices 
associated with the prehistoric occupation of the Plan Area.  For many of the prehistoric resources on the 
Forest, agricultural products are believed to have contributed to groups’ subsistence economies.  
Inhabiting lower elevation areas increases the growing season for certain crops and allows for a greater 
number of frost-free days for plant growth.   

Table 233. Number of archaeological sites located in specified elevation bands on each Ranger 
District. 

Elevation Black Range Quemado Glenwood Wilderness Reserve Silver City 

4,000 - 5,000     52 13   30 

5,000 - 6,000 12 12 322 127 130 232 

6,000 - 7,000 122 102 372 658 807 704 

7,000 - 8,000 194 1402 52 121 349 100 

8,000 - 9,000 8 162 7  56 1 

9,000 - 10,000 1 7 5 1 2 1 

>10,000 1   1 2     

The distribution of archaeological sites relative to the major vegetation and ecological communities aligns 
closely with their distribution across the Forest (Table 234).  The three most common vegetation 
communities associated with archaeological sites are ponderosa pine woodland, juniper woodland, and 
piñon-juniper woodland in order of occurrence.  These vegetation communities are also the most 
prevalent types of vegetation across the Forest.  Most of the cultural resources in the Plan Area are found 
within the ponderosa pine woodland biotic province.  The high proportion of archaeological sites in this 
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vegetation community is in all likelihood the result of a sampling bias, in that the majority of projects 
within the Plan Area were conducted in ponderosa pine woodland areas for logging activities and fuels 
reduction projects. 

Table 234. Number of archaeological sites located in specified vegetation zone on each Ranger 
District. 

Vegetation Zone * 
Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

Madrean Encinal    4  126 

Piñon-Juniper Woodland 30 29 335 190 313 200 

Pine-Oak Forest and 
Woodland  1 58 4 7 62 

Aspen Forest and 
Woodland 1 1 4 2 2 1 

Spruce-Fir Forest and 
Woodland  2 1 4   

Mixed Conifer Forest and 
Woodland 3 6 7 1 3 2 

Ponderosa Pine Woodland 145 1,169 197 408 522 446 

Juniper Savanna  21   1  
Juniper Woodland 127 339 77 272 457 110 

Riparian Woodland and 
Shrubland 1  2  3 2 

Subalpine Grassland  4  1 1  
Mogollon Chaparral 3 2 23 16 1 40 

Mesquite Upland Shrub   31   14 

Grassland and Steppe 3  55 1 10 29 

Juniper Savanna   1 2  2 

Semi-Desert Grassland 14 30  11 13 5 

Semi-Desert Shrub Steppe 5 56 1  7  

Cliff, Canyon, and Massive 
Bedrock 2 1 13 4 1 6 

Other 4 24 6 2 3 23 

In order to ascertain if other characteristics of the physical environment influenced the location of 
archaeological resources on the Gila National Forest, a number of additional analyses were conducted that 
measured the distribution of archaeological sites in relation to the slope of the landform upon which the 
resources reside, the distance to the nearest water source, the agricultural potential of the land upon 
which the resource is located, and the landform classification of the area where the archaeological 
resource is located. 

With respect to the gradient of the land mass upon which the archaeological site is located, most resources 
are generally located on relatively gently sloping landforms (Table 235).  Roughly two-thirds of all 
archaeological sites located in the Gila National Forest are on landforms with less than a ten degree 
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gradient.   From a cultural standpoint, the high frequency of sites on relatively level landforms is to be 
expected given that such conditions are conducive to human behavior (e.g. sleeping, cooking, processing 
resources, etc.).  Be this as it may, landforms with a 0-10 degree gradient compose, on average, roughly 
38 percent of each Ranger District’s holdings (Table 236).  Conversely, landforms with a 10-40 degree 
gradient compose approximately 60 percent of each Ranger District’s holdings (Table 236).  The proportion 
of archaeological resources located on landforms with steeper gradients decreases exponentially across 
the entire Plan Area.    

Table 235. Number of known archaeological sites within each district that are located on 
landforms with the specified gradient. 

Slope (degrees) Black Range Quemado Glenwood Wilderness Reserve Silver City 

0 -5 115 823 344 310 628 473 

5 -10 94 529 213 262 400 340 

10 -20 79 266 137 238 201 200 

20 -30 30 58 61 62 74 43 

30 - 40 15 7 32 28 32 6 

40 - 50 3 1 13 19 7 5 

>50 2 1 11 3 2 1 

 

Table 236. Proportion of each Ranger District’s holdings with landforms of the specified gradient. 
Slope Interval 
(Degrees) 

Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

0-5 18% 37% 14% 11% 25% 14% 

5-10 18% 22% 15% 14% 21% 20% 

10-20 28% 26% 28% 29% 32% 33% 

20-30 23% 12% 25% 27% 17% 23% 

30-40 11% 3% 15% 14% 4% 8% 

40-50 2% <1% 3% 4% <1% 1% 

>50 <1% <1% <1% <1% <1% <1% 

The distribution of archaeological sites in relation to their proximity to water is fairly predictable and is 
inversely correlated.  Thus, more archaeological sites are located closer to water resources than further 
from these resources (Table 237).  Nearly 43 percent of the archaeological sites on the Forest are located 
less than 100 meters from a stream channel.  Nearly 92 percent of all archaeological resources are located 
less than 400 meters from a stream channel.  While the data present in Table 237 depict some sites in 
excess of 600 meters from a stream, this is likely a result of the spatial data used in the analysis.  High 
resolution stream data was pulled from the Gila National Forest’s geospatial database.  In some instances 
the streams extended beyond the jurisdictional boundary for the Forest.  In other instances, streams 
present outside of the Gila National Forest were not included.  Thus, there is a possibility that streams 
located outside of the Gila National Forest boundary were closer than the 600+ meter distance depicted 
in Table 237 but were not captured due to data limitations.  The majority of archaeological sites in excess 
of 600 meters from a stream are generally located along the boundary of the Plan Area. 
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Table 237. Number of known archaeological sites on each Ranger District that are located within 
the specified distance to a stream. 

Distance to Stream 
(Meters) 

Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

0 - 100 203 635 369 434 621 421 

100 - 200 63 447 233 295 322 271 

200 - 300 42 273 96 121 195 176 

300 - 400 14 144 52 38 110 99 

400 - 500 11 88 17 24 59 52 

500 - 600 5 47 18 6 25 18 

>600  51 26 4 12 31 

As one can imagine, if agriculture was an important part of a group’s subsistence base, then the availability 
of agricultural land would greatly affect the settlement pattern of that group.  For much of the Plan Area’s 
occupation, both in prehistoric and historic times, groups practiced agriculture.  Numerous models have 
been developed to investigate the suitability of lands around the Gila National Forest for agricultural 
practices (Pool 2002; Pyne 2004; Schoolmeyer 2009; Toney 2012).  These models have generally shown 
that much of the Plan Area was potentially arable despite modern and historic land use practices.  
Generally, the models demonstrate a strong correlation between those areas most suitable for agriculture 
and archaeological site location.  A similar study was conducted for the Forest to investigate if historic 
property location had a similar pattern.   

The agricultural potential of an area was investigated based primarily on soil characteristics, namely soil 
permeability, and a series of hydrological parameters (i.e. precipitation and runoff catchment areas)(see 
Schollmeyer 2009 and Toney 2012 for a discussion of methodology).  These data were compiled from the 
State Survey Geographic databases available through the Natural Resource Conservation Service and Gila 
National Forest corporate data.  The results of these analyses divided the Gila National Forest into three 
regions differentiated by their agricultural potential.  The distribution of archaeological sites within the 
Plan Area in relation to the agricultural potential of the land upon which they reside is presented Table 
238. 

Table 238. Number of known archaeological sites within each Ranger District located on lands 
with different degrees of agricultural potential. 

 AGRICULTURAL POTENTIAL 

Ranger District Non-Productive Marginal Productive 

BLACK RANGE 223 114 1 

QUEMADO 1,115 510 60 

GLENWOOD 526 285  
WILDERNESS 651 216 55 

RESERVE 841 455 48 

SILVER CITY 777 285 6 

Generally, the majority of archaeological sites on the Forest are located in areas whose agricultural 
potential is severely limited.  Approximately 67 percent of all known cultural resources are located on land 
which was determined to be non-productive agriculturally.  This is to somewhat be expected given the fact 



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  692  

that people practicing agriculture would likely build their habitation in areas adjacent to the most 
productive lands, but not on the lands themselves.  This would maximize the amount of prime agricultural 
land that could be brought into production.  This also explains the relative lack of archeological resources 
in areas that are agriculturally productive.  It is of interest to note that few archaeological sites within the 
Plan Area have been interpreted as representing the remains of agricultural fields.  This is likely due to 
multitude of reasons but historic and modern land use practices are likely responsible for their lack of 
recognition.  In most cases, those areas most conducive to agriculture were occupied for long periods of 
time.  Thus, modern land use practices in areas with relatively dense modern populations have potentially 
altered the prehistoric features once present in an area. 

Only around three percent of the cultural resources in the Plan Area are located on agriculturally 
productive lands.  It should be noted that the majority of resources located on agriculturally productive 
lands on the Quemado and Reserve Ranger Districts are rock art sites located along the bluffs overlooking 
drainages.  The high proportion of archaeological sites on agriculturally productive land in the Wilderness 
District are located in an area that has a long history of dense occupation.  The majority of these resources 
are located along the Mimbres River and Sapillo Creek drainages.  While the model demonstrates that 
sites in these areas are shown to reside on agriculturally productive lands, this may not be the case.  Sites 
in these areas area normally located on higher elevation landforms overlooking the agriculturally 
productive floodplains below.  The resolution of the data used in the analysis (30 meter grids) may not 
have been sufficient to capture the subtle variations in topography located in these areas.  Finally, one 
third of the known archaeological sites reside on lands which were determined to be marginally productive 
agriculturally.  These sites likely represent attempts to bring marginal land into agricultural production or 
represent other resource procurement locales. 

The last variable measured for the current analysis was a classification of the landform upon which a 
historic property was located.  The historic property records for both the State and the Gila National Forest 
require that an assessment be made of the landform upon which a property is located.  While these data 
were available for use, they are often inconsistent between individuals recording the information.  To 
alleviate this ambiguity, landforms were classified using the methodology outlined by Weiss (2001).  This 
landform classification model differentiates ten landform types based on their slope and topographic 
position.   

The distribution of archaeological sites in relation to the landform upon which they reside is presented in 
Table 239.  These data demonstrate that roughly 46 percent of the sites in the Plan Area are located on 
Mountain Tops/High Ridges and in Canyons/Deeply Incised Streams.  These two landform classes also 
constitute a high proportion of the study area (15 and 13 percent respectively).  Thus, the high proportion 
of archaeological sites in these landform areas is to be expected.  Upland Drainages/Headwaters is the 
most prevalent landform class within the Plan Area (ca. 32 percent).  However, only two percent of the 
archaeological resources on the Forest are located in these landforms.  This is likely because these areas 
are generally located above 8,000 feet in elevation and on relatively steep terrain (>20 degree gradient). 

Similarly, both U-Shaped Valleys and Local Ridges/Hills in Valleys were shown to contain a high proportion 
of sites (ca. 25 and 10 percent respectively).  However, these two landform classes compose a small 
proportion of the overall Plan Area (ca. seven and five percent respectively).  These results suggest that 
these two landform classes are good predictors of site location.  These areas usually consist of the 
relatively gently sloping terrain (<10 degree gradient) and ridges surrounding broad drainage valleys and 
their associated flood plains.  This observation would support the contention  that sites were often located 
adjacent to the most agriculturally productive lands, rather than immediately on them, maximizing the 
amount of suitable land that could be brought into production. 
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Table 239. Number of known archaeological sites on each district located on specified landforms. 

Landform Classification 
Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

Mountain Tops, High Ridges 57 337 155 254 233 263 

Canyons, Deeply Incised 
Streams 130 392 223 239 326 246 

Midslope Drainages, Shallow 
Valleys 1 17 2 2 4 2 

Upland Drainages, 
Headwaters 7 43 15 20 30 18 

U-Shaped Valleys 80 502 175 190 367 218 

Plains 6 48 33 19 76 30 

Open Slopes 1 15 6 4 18 9 

Upper Slopes, Mesas 14 154 96 51 148 114 

Local Ridges, Hills in Valleys 37 139 89 126 107 132 

Midslope Ridges, Small Hills 
in Valleys 3 22 13 15 35 18 

Unknown 2 16 4 2  18 

Archaeological sites in the Plan Area are traditionally separated into those with a Native American 
affiliation that predates A.D. 1600 and those with an increasing diversity of cultural affiliation that date to 
after A.D. 1600 (Table 240).  These data demonstrate that the majority of cultural resources on the Gila 
National Forest are of Native American affiliation that predate A.D. 1600.  Roughly 80 percent of 
archaeological sites are of prehistoric Native American affiliation.  Only 13 percent of sites on the Forest 
represent a post-A.D. 1600 occupation.  Finally, roughly three percent of cultural resources represent a 
combination of these two broad occupational categories.   

Table 240. Number of known archaeological sites within each district dating to the specified time 
period where features are either present or absent. 

 HISTORIC MULTIPLE PREHISTORIC UNKNOWN  
Ranger 
District 

Feature 
Present 

Feature 
Absent 

Feature 
Present 

Feature 
Absent 

Feature 
Present 

Feature 
Absent 

Feature 
Present 

Feature 
Absent 

No 
Data 

BLACK 
RANGE 13 94 3 22 141 52 3   10 

QUEMADO 33 122 9 43 324 1109 8 16 21 

GLENWOOD 24 114 6 10 237 372 9 4 35 

WILDERNESS 14 46  4 215 592  2 49 

RESERVE 42 108 3 20 252 894 1 1 23 

SILVER CITY 22 187 8 44 224 548   4 31 

While there are archaeological sites in the Plan Area that date to all periods of human occupation, there 
are portions of the Forest with clusters of resources that correspond to specific time periods and/or with 
specific ethnic affiliations [i.e. resources dating to the Pueblo Era (ca. 1,000 to 600 years ago)]  (Table 241).  
In some cases, these clusters of sites are evenly distributed across the Forest, while others are 
concentrated on specific districts.  Based on current data, roughly 84 percent of the archaeological sites 
within the Gila National Forest are associated with its prehistoric occupation.  Archaeological resources 
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associated with the historic occupation of the area (ca. 400 to 50 years ago) comprise roughly 16 percent 
of the known resources in the Plan Area.  The vast majority of these prehistoric sites are classified as 
containing either an Archaic era occupation or a Pueblo era occupation.  Archaic era sites constitute 
roughly 14 percent of all known prehistoric resources in the Plan Area and Pueblo Era sites constitute 
approximately 58 percent of all known prehistoric resources.  For Historic era resources, those postdating 
A.D. 1912, or around the time of New Mexico’s statehood, are the most common on the Gila National 
Forest.  Archaeological sites dating to this time period compose roughly 79 percent of known Historic era 
resources on the Gila National Forest. 

Table 241. Number of archaeological site within each Ranger District that date to the specified 
time period. 

Time Period 
Black 
Range 

Quemado Glenwood Wilderness Reserve 
Silver 
City 

Recent 10 16 5 2 13 13 

Statehood to WWII 17 70 21 6 24 41 

Statehood to WWII – Recent 18 52 39 11 81 54 

U.S. Territorial – Recent 39 16 36 9 6 18 

U.S. Territorial – WWII   16 12 21 8 16 90 

U.S. Territorial 12 18 18 14 12 25 

Spanish/Mexican – WWII      1   1 1 

Spanish/Mexican - U.S. 
Territorial     

  
  

  1 

Historic Unspecified 20 23 13 14 20 18 

              

Late Pueblo   96 2 1 41 5 

Early Pueblo – Late Pueblo 7 352 60 86 246 37 

Early Pueblo 8 497 206 255 317 350 

Late Pithouse – Late Pueblo   46 3 29 25 12 

Late Pithouse – Early Pueblo 2 39 19 41 29 65 

Late Pithouse 14 53 12 36 55 36 

Early Pithouse – Late Pueblo 1 23 4 2 9 5 

Early Pithouse – Early Pueblo   7 6 7 10 13 

Early Pithouse – Late Pithouse 4 25 8 16 27 18 

Early Pithouse 3 3 9 27 22 15 

Late Archaic – Early Pueblo   4 9   6 6 

Late Archaic – Late Pithouse   2 5   6 12 

Late Archaic – Early Pithouse 3 1   1 2 4 

Late Archaic 70 112 89 61 108 116 

Middle Archaic – Late Archaic 2 5 1 1 5   

Middle Archaic   3 3   3   

Early Archaic – Late Archaic 1 2 1   4   

Early Archaic – Middle Archaic 1           

Early Archaic   2     1   

Archaic Unspecified 13 16 15 1 11 3 

Paleoindian     1   1   

Prehistoric Unspecified 33 197 172 247 238 127 
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There are few Native American resources on the Forest that date to after A.D. 1600.  The exceptions to 
this are a number of known Apache battlefield locales on the Black Range and Wilderness districts that 
date to time of the Apache Wars (ca. A.D. 1849-1886).  To date, investigations have been conducted along 
Las Animas Creek searching for the location of the Massacre Canyon battlefield that took place in 
September of 1879, along the Palomas River where Victorio’s forces were ambushed in May of 1880, along 
Sapillo Creek where Apache forces under the leadership of Geronimo were attacked by Apache Scouts in 
May of 1885, and a 17th century Apache Rancheria along the East Fork of the Mimbres River.    

Similarly, there are a few locales where culturally scarred trees are present.  These resources are generally 
located in higher elevation areas and likely represent the collecting of inner cambium tissues by Native 
American populations during times of extreme socio-economic stress.  Two known clusters of these peeled 
trees are known in the Plan Area.  One is located in the Wilderness district and the other is located in the 
Reserve district.  The scars on the peeled trees in the Wilderness Ranger District have been dated by 
dendrochronology to around A.D. 1865 (Swetnam 1984) and the peeled trees on the Reserve Ranger 
District were dated by similar means to around A.D. 1890.  Both sets of peeled trees are believed to 
represent the utilization of this inner bark by Native groups as an emergency food source or for medicinal 
purposes. 

There are a few locales that contain traditional historic Native American architecture.  These resources 
generally consist of the remains of wikiups or sweat lodges.  These remains are usually composed of a 
number of sticks/logs arranged as spokes radiating from a center point.  The remains of these structures 
are conical in shape and enclose a circular space of roughly four square meters.  Few artifacts are 
associated with these structures.  Some Native American rock art has also been identified as probably 
dating to post A.D. 1600.  Finally, there are a number of resources that are likely misclassified as other 
socio-cultural phenomena that could date to historic times.  For instance, a number of resources that 
consist solely of lithic artifact scatters were classified as dating to the Late Archaic period.  These sites 
could easily represent areas utilized by historic Native American inhabitants as opposed to the Late Archaic 
period inhabitants of the Plan Area.  However, no further diagnostic artifacts were encountered at these 
sites.   

Archaeological sites with a Euro-American affiliation account for roughly 16 percent of all known resources 
on the Forest.  Sites dating to this period range from simple artifact scatters associated with a range of 
activities (e.g. logging camps, mining camps, etc.), to artifact scatters and associated simple features (e.g. 
sawmills, mines, camp sites, etc.), to single log cabins associated with homesteading, to large residential 
communities associated with mining. Roughly 18 percent of known Historic era sites in the Plan Area are 
composed simply of artifact scatters (often representing trash dumps).  The remaining 82 percent of 
known Historic era sites contain features (e.g. habitation structures, mine adits, windmills, etc.).  These 
resources are fairly evenly distributed across districts with each district containing, on average, roughly 17 
percent of all known Historic era sites.   

Resources associated with Governmental functions are located across the Gila National Forest.  These 
usually are associated with either the C.C.C. or with Forest Service activities.  Resources associated with 
the Civilian Conservation Corps range from the remnants of old camps, to simple erosion control features, 
to numerous features associated with roads constructed by the C.C.C.  Archaeological resources associated 
with Forest Service activities range from the remnants of old Ranger stations to fire lookout towers still 
used to manage Forest Service holdings. 

There remain significant data gaps concerning the nature and distribution of archaeological sites in the 
Plan Area.  As mentioned previously, a fair number of lithic scatters were classified as Late Archaic period 
resources.  It is likely that these and similar sites were occupied for a vast span of the prehistoric era but 
lack other attributes that are diagnostic.  These coupled with the resources whose socio-temporal 
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affiliation is unknown demonstrate that roughly 11 percent of the archaeological sites on the Forest have 
no known socio-temporal affiliation.  Additional research at these sites, including archaeological 
excavations and radiometric dating of surface remains, could shed additional light on these site types.   

There are many portions of the Gila National Forest that have seen little inventory for archaeological 
resources, but where the likelihood of there being numerous and important cultural resources is high.  
Based on the data presented earlier concerning the distribution of known archaeological sites in relation 
to different physical characteristics of the surrounding landscape (e.g. elevation, slope, distance from 
water, landform classification, land productivity, etc.), it is possible to determine the different arrangement 
of these natural phenomena where archaeological resources are known to be present.  These data can 
then be used to determine where similar physical characteristics are present in the natural landscape.  This 
provides a proxy measure for where sites have a high probability of being located.  Based on analyses using 
this line of evidence, there are portions of the Plan Area that were deemed to be similar to where known 
archaeological sites are located which have not been adequately inventoried.  

The initial analyses conducted at the Forest level discussed above were heavily biased towards the 
arrangement of physical characteristic present on the northern Ranger Districts (i.e. Reserve and 
Quemado).  For instance, if the model were to be conducted at the Forest level, the analysis would be 
biased towards higher elevations (>6,000 ft amsl) based on the high proportion of sites located in these 
environs on the Reserve and Quemado Ranger Districts.  If this model was extrapolated to each district, 
large portions of the Silver City and Glenwood Ranger Districts would be shown to have a low probability 
of containing archaeological sites because they are below the 6,000 foot threshold established by the 
Forest wide model.  To alleviate the potential for sampling biases, each Ranger District was analyzed 
separately.   

The results of these analyses demonstrated that certain environs were favored for archaeological site 
location within each Ranger District though some environs were common between districts (Table 242, 
Figure 206).  For instance, roughly four percent of archaeological sites on the Quemado, Glenwood, 
Reserve, and Silver City Ranger Districts were located on marginally productive lands at 7,000 to 8,000 feet 
in elevation on mesas with a 0 to 5 degree slope that were 300 to 400 meters from a stream.  Landforms 
with a similar combination of characteristics (and others) were chosen as high probability regions for these 
districts.  While resources were found in similar areas on the Black Range and Wilderness Ranger Districts, 
the proportion of resources located in these areas differed from those present on the Quemado, 
Glenwood, Reserve, and Silver City Ranger Districts.  Additional results and the methodology employed in 
these analyses are presented in a supporting document to the assessment report. 

There are also several important types of resources that have been under-recorded across the Forest (e.g. 
historic artifact scatters post-dating 1945, high elevation shrine locations, logging roads, etc.) either due 
to a lack of inventory in the areas where they are likely to occur, or due to the past research biases of 
individuals conducting the inventory. 

There has been no systematic attempt to inventory traditional cultural properties (TCPs) across the Gila 
National Forest.  There are many previously recorded and unrecorded archaeological sites within the Plan 
Area that may be eligible to the National Register of Historic Places (NRHP) as TCPs.  Property types that 
are potential TCPs may include, but are not limited to: village sites, shrines, rockshelters, caves, rock art 
sites, springs, mountains and mountain top localities, geological formations, quarries, plant collection 
areas, trails, and irrigation works (i.e. acequias). 
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Figure 206. Location of some areas determined to have a high probability of site location. 
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Table 242. Distribution of areas deemed to contain a high probability of site location across 
Ranger Districts and the amount of these high probability areas covered by archaeological survey 
activities. 

Ranger District District Size (ac) High Prob. Acreage High Prob. Survey Acres 

Black Range 557,572 125,807 8,904 

Quemado 603,382 155,437 42,442 

Glenwood 525,448 69,591 8,911 

Wilderness 686,171 92,866 5,095 

Reserve 613,118 104,427 28,398 

Silver City 406,766 67,452 7,813 

 

Characteristics of Cultural and Historic Resources 
The Gila National Forest contains characteristics that are of cultural and historic importance to both Native 
American and Euro-American peoples.  Those characteristics of the Forest that are of cultural and historic 
importance to Native Americans are described in the assessment for Areas of Tribal Importance. 

Inventory for characteristics of importance to non-Native traditional communities has been limited within 
the Plan Area.  This is in part due to the fact that use of the Forest by non-Native traditional communities 
was likely limited to sheep ranching activities associated with early Spanish/Mexican settlements to the 
north and east along the Rio Grande.  A number of archaeological sites relating to use of the Forest by 
Spanish/Mexican sheep herders are present on the Quemado District and likely relate to sheep herders 
bringing their flocks into the Mogollon Highlands for seasonal forage.  It is likely that members of these 
non-Native traditional communities valued, and were concerned for, many of the characteristics in the 
Plan Area which modern community members using the Forest value.  The most common resources cited 
by community members were water and forage for wildlife and livestock, wild game for food, solitude, 
wilderness values, scenery, and visual and physical access to the Plan Area. 

Current Conditions of Known Cultural and Historic Resources, and 
Trends Affecting their Condition and Use  
The current condition of cultural and historic resources can be characterized by examining the numbers of 
archaeological sites that have been placed or have been determined eligible for inclusion in the NRHP and 
by examining data and other information on impacts to historic properties and other archaeological 
resources.  If a historic property is listed or is eligible for inclusion in the NRHP, this reflects that it retains 
the integrity of the characteristics that make it significant to American history, and thus implies that the 
property has not been so severely impacted by disturbances to affect its ability to contribute to either the 
national patrimony or affect its value to researchers.  Other archaeological resources may be found not to 
be eligible for inclusion in the NRHP because they area in poor condition, but such a determination may 
also be made because the property has no intrinsic significant historic value. 

Eligibility of Archaeological Resources to the National Register of Historic Places 
There are eight historic properties that are listed on the National Register of Historic Places (NRHP) in the 
Plan Area (Figure 207, Table 243).  In order for a property to be listed on the NRHP, the resource must be 
formally nominated through completion of official nomination forms.  The completed nomination forms 
are then reviewed by the State Historic Preservation Office, Federal Preservation Officer, and Keeper of 
the Register (NPS).  
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Figure 207. Location of archaeological sites within the Plan Area that are listed in the NRHP. 
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Table 243. Number of archaeological sites on each district with the specified determination of 
eligibility for inclusion in the National Register of Historic Places. 

Determination of 
Eligibility 

Black 
Range Quemado Glenwood Wilderness Reserve 

Silver 
City 

Designated/Listed 1 2 1 3  1 

Eligible 79 454 232 320 425 506 

Undetermined 222 1,103 471 569 855 439 

Not Eligible 28 117 107 22 62 114 

Total Evaluated 330 1,676 811 915 1,342 1,061 

No Data 8 9  7 2 7 

Total   338 1,685 811 922 1,344 1,068 

 

For the Forest Service, formal listing in the NRHP does not affect how the property is managed and all 
archaeological sites determined to be eligible for inclusion in the NRHP and those resources whose 
eligibility for inclusion in the NRHP is undetermined are treated as if they are listed.  The main difference 
is that the formal nomination and review process for these resources has not been conducted.  Because 
formal listing does not affect how the Forest Service manages eligible and undetermined resources, many 
archaeologists simply do not have the time to complete the necessary nomination forms.  Likewise, if 
projects are reliant on consultation before implementation, the additional time needed for completion of 
the nomination forms as well as the following review process would push implementation dates for 
projects back to upwards of three months (and often for over a year).  For many Forest Service programs, 
this additional time needed for consultation prior to project implementation would be unacceptable, 
especially in emergency situations or when funding cycles necessitate quick turnaround times for 
consultation.  

The vast majority of archaeological sites listed on the NRHP (n=7) represent the historic fire lookout 
complexes located throughout the Plan Area.  There is a single prehistoric archaeological site, Burro 
Springs No. 2, listed on the NRHP.  Burro Springs No. 2 represents the remains of a large Pithouse period 
site containing in excess of 200 pitstructures.  The site covers a minimum of 15 acres and aside from 
numerous pithouse depressions, tens of thousands of artifacts are present on site.  Based on the limited 
testing of the site, Fitting (1973b) postulated that the site likely dated to the San Francisco phase and/or 
the Three Circle phase of the Late Pithouse period.     

Two historic properties listed in the NRHP (not reflected in the numbers above) are located adjacent to 
the Plan Area and are currently managed by different agencies.  The Gila Cliff Dwellings National 
Monument is administered by the United States Department of Interior, National Park Service, and the 
Fort Bayard Historic District is currently administered by the State of New Mexico.  Both of these cultural 
resources have been administered by the Gila National Forest in the past and the Forest Service maintains 
records on some resources associated with these listed properties.  Similarly, there are three National 
Register Districts which are located on, or near, the Gila National Forest.  These three districts (Pinos Altos 
Historic District, Mogollon Historic District, and the Socorro Mines Mining Corporation Mill) are either 
located on private inholdings within the Plan Area, or are located adjacent to the Plan Area.  Archaeological 
resources associated with these historic districts are present within the Gila National Forest but have not 
been formally nominated as contributing elements.   

Of the 6,168 archaeological sites recorded on the Forest, roughly 40 percent have had evaluations made 
on their eligibility (Table 243).  The high number of resources that have been recorded but never evaluated 
is because prior to 1995 (“undetermined” and “no data” resources in Table 243), the Forest Service in the 
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Southwestern Region did not consistently make evaluations of eligibility for archaeological sites.  In some 
instances an “undetermined” determination of eligibility (DOE) represents the DOE established by 
archaeologists conducting survey for various projects, in other instances this DOE actually represents a 
DOE generated by the State for those archaeological resources without formal determinations of eligibility 
which were migrated from the State database.  For management purposes, the Forest Service treats 
undetermined and unevaluated resources as if they are eligible for inclusion in the NRHP.   Of those 
archaeological sites that have been evaluated, the vast majority (ca. 82 percent) have been determined to 
be eligible for inclusion in the NRHP (or are listed or designated National Historic Landmarks).  The 
remaining 18 percent of evaluated resources were determined to be not eligible for inclusion in the NRHP.    

Condition of Cultural and Historic Resources and Trends Affecting their Use 

The evaluation of the condition of cultural resources, including historic properties, is problematic.  For 
archaeological resources, objective criteria such as the evaluation of impacts from natural and human 
forces can be used to generate statements regarding their condition.  However, the nature, intensity, and 
quality of the evaluation of impacts to archaeological resources have changed over the past half-century.  
Until 1977, archaeological sites within the Plan Area were largely recorded on the State of New Mexico’s 
Laboratory of Anthropology (LA) forms.  From 1977 to 1990, the Forest’s Cultural Resources Automated 
Information System (CRAIS) forms were used, after which recording was accomplished using a newer 
version of New Mexico’s LA form.  We anticipate being directed to use the “new” Forest Service form in 
the near future. 

All of these forms used different methodologies for assessing site condition.  The data from three forms 
has been normalized in the state of New Mexico’s NMCRIS database and the Forest Service’s INFRA 
database, despite categorical equivalence, differences in the level of detail and quality of the data persist.  
As such, any determination of the condition of archaeological sites will necessarily be qualitative and 
judgmental.  For cultural resources and characteristics of importance to traditional communities, their 
condition is a reflection of the perceptions of those traditional communities of that condition, regardless 
of the objective condition of those resources and characteristics, assuming such objective conditions can 
be measured (for example, the availability of natural resources for collection, or the quality of noise- and 
viewsheds). 

Data on current conditions and trends for archaeological resources can be examined from the recording 
and monitoring of cultural resources over the past 50 years (Table 244).  Overall, water erosion (including 
sheetwash erosion, rill erosion, drainage formation, and arroyo down-cutting) is the most prevalent impact 
observed at archaeological sites.  Water erosion has been noted as impacting deposits at nearly one-third 
of all resources visited.  



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  702  

Table 244. Number of sites on each Ranger District exhibiting the specified disturbances during 
distinct time spans 

Ranger District Time Span No. of Visits Bio. Const./LD Vand. Water Wind Other 

Black Range 2000-Present 122 38 38 18 69 12 32 
 1990-1999 80 34 41 39 27 5  
 1980-1989 28 7 21 5 10 1  
 1960-1979 2  1 1    
  Total 232 79 101 63 106 18 32 

Quemado 2000-Present 601 259 306 207 366 99 175 
 1990-1999 271 158 150 78 215 89 45 
 1980-1989 130 38 110 32 67 10 8 
 1960-1979 91 18 57 48 55 3 6 

  Total 1093 473 623 365 703 201 234 

Glenwood 2000-Present 161 72 53 28 133 34 18 
 1990-1999 139 50 67 36 121 35 1 
 1980-1989 60 10 50 10 27 1 2 
 1960-1979 4 1 2 1 1   
  Total 364 133 172 75 282 70 21 

Wilderness 2000-Present 156 56 55 85 95 19 23 
 1990-1999 125 60 42 66 66 17 5 
 1980-1989 72 15 36 56 22 3 2 
 1960-1979 74 9 6 63 18 1 3 

  Total 427 140 139 270 201 40 33 

Reserve 2000-Present 380 321 198 133 314 116 177 
 1990-1999 152 53 140 66 106 17 22 
 1980-1989 163 39 144 83 80 14 33 
 1960-1979 82 27 50 43 58 6 23 

  Total 777 440 532 325 558 153 255 

Silver City 2000-Present 464 147 133 169 399 102 37 
 1990-1999 138 42 86 56 212 20 4 
 1980-1989 68 25 41 20 41 8  
 1960-1979 19 7 9 9 9 1  
  Total 689 221 269 254 661 131 41 

Note: Disturbance sources are bioturbation (Bio.), construction/land development (Const./LD), vandalism (Vand.), water erosion 

(Water), wind erosion (Wind), and other disturbance sources (Other). 

Construction, which also includes land development activities such as mining and logging in addition to 
road construction and other activities, has been noted during slightly more than one-fifth of all site visits.  
Land development impacts can be slight, but construction activities involving heavy equipment often 
results in severe impacts to sites.  Bioturbation, which includes impacts from cattle grazing in addition to 
damage from rodents, insects, and other wildlife, was noted during roughly 17 percent of all visits.  This 
seems to indicate that grazing, despite its prevalence on all of the districts, is not a major impact to 
archaeological resources.  However, due to recording strategies this number is likely under-reported (as 
with other impact data).  Intensive grazing in the past contributed to watershed degradation and soil 
deflation that would have affected sites but wouldn’t be considered related to current grazing practices. 
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Vandalism, a category that includes looting, the defacement of standing structures and other features (i.e. 
rock art panels), arson, and the collection of surface remains such as pottery sherds, arrow and spear 
points, and bottles was noted during roughly 16 percent of site visits. 

There are significant differences between Ranger Districts with regard to the prevalence of different 
categories of impacts to archaeological resources.  Specifically, the Glenwood and Silver City Ranger 
Districts contain more than the expected proportion of resources affected by wind and water erosion 
when compared to other districts.  Similarly, the Wilderness Ranger District contains more than the 
expected frequency of resources affected by vandalism when compared to other districts.  Finally, the 
Reserve Ranger District contains a high proportion of resources affected by bioturbation when compared 
to other districts.   

If we assume that different archaeologists were systematically recognizing all disturbances to cultural 
resources objectively across Ranger Districts, then there is a general trend towards increasing disturbance 
through time (which, may be more about recording trends than on-the-ground conditions).  This is true 
for all districts in relation to all disturbance sources.  Thus, disturbances brought about by bioturbation, 
construction/land development, vandalism, water erosion, and wind erosion increases through time on 
all districts.  The exceptions to this are the decrease in vandalism disturbances on sites in the Black Range 
District from 2000 through the present  when compared to earlier years; the decrease in disturbances 
associated construction/land development, vandalism, and wind erosion on the Glenwood District from 
2000 through the present when compared to earlier years; the decrease in disturbances associated with 
bioturbation on the Wilderness Ranger District from 2000 through the present when compared to earlier 
years; and the decrease in disturbances associated with construction/land development on the Reserve 
Ranger District from 1990 through 1999 when compared to earlier years. 

There have been no consistent efforts to record impacts to resources and characteristics important to 
traditional communities, other than those observed traditional cultural properties and/or sacred sites.  For 
the general consideration of resources and characteristics important to Native Americans, please see 
Chapter 18: Areas of Tribal Importance.  There has been no assessment of the condition of resources and 
characteristics important to traditional Hispanic and Anglo-American communities.  However, the 
information collected by Raish and McSweeney (2008) has some bearing on current resource conditions 
and recent trends for traditional Hispanic communities.  In particular, there is a perception that there have 
been declines in the condition of range land and timber resources.  The perception is that these resources 
are currently insufficient to maintain community needs, and their availability has been declining over the 
past 50 years. 

Contribution of Cultural and Historic Resources to Social, Economic, 
and Ecological Sustainability 
Cultural and historic resources used in the Gila National Forest/Plan Area are critical to the social, 
economic, and ecological sustainability of the immediate area, the Southwestern Region, and the Nation.  
Archaeological sites within the Forest are a record of historic processes and events important to the 
identity of local communities, the State of New Mexico, the Region, and the Nation.  Contemporary uses 
of resources in the Gila National Forest by Native American, Hispanic, and Anglo-American traditional 
communities are critical to maintaining the identity of these communities.  Cultural tourism is a significant 
component of the surrounding regional economy.  Tourists are attracted by the nature and significance of 
archaeological resources and by the character of traditional communities, a character maintained by 
resources and uses of the Gila National Forest.  Archaeological resources contain a wealth of information 
for scientific researchers regarding ecological conditions and changes over the past twelve millennia, and 
human adaptations to these changing socio-cultural and environmental conditions.  This information is of 



Chapter 17. Cultural and Historic Resources 

 
Gila National Forest Assessment Report – Final  704  

value to managers making decisions regarding the contemporary ecological management of the Forest.  
This information is also of value for educating the public about ecological sustainability. 

Archaeological resources are a major source of information regarding the history of the human occupation 
and use of the Forest.  For the first 12,000 years of human occupation, the remains found at archaeological 
sites are the only source of information pertaining to the socio-cultural adaptations of various social 
groups to changing environmental conditions in the Plan Area.  Scientific researchers, professional 
organizations, and cooperating groups that have provided input for this assessment have emphasized the 
value of archaeological resources in the Gila National Forest for providing information about American 
history.  

The Gila National Forest also contains individual resources that are important to the traditional history of 
Native Americans, to the military history of the Nation, and to the history of the Nation’s westward 
expansion. 

The use of archaeological resources to generate information about the history of the Plan Area, the Region, 
and of the Nation is vital to maintaining cultural identity at each of these levels.  The importance of history 
to maintaining social sustainability has been cited by members of Hispanic traditional communities (Raish 
and McSweeney 2008) and scientific researchers and professional organizations cite strong interest among 
Native American communities in the historical information generated by researchers that study 
archaeological resources.  Interpreted archaeological sites also afford an opportunity to educate children 
and the public at large about the history of the Forest, the Southwest Region, and the Nation. 

The importance of historic and cultural places and characteristics of the Gila National Forest for 
maintaining the identity of traditional communities is well documented.  For their importance to Native 
American traditional communities, please see the assessment for Areas of Tribal Importance.  Hispanic 
traditional communities have identified the traditional use of the Plan Area for subsistence economic 
activities as central to their cultural identity.  This includes access to land for grazing, wood for fuel and 
construction, water for the irrigation of crops, plants used in folk medicine, and areas of traditional 
religious significance (Raish and McSweeney 2008).  While there has been little written research, district 
personnel report that access to resources and characteristics are also important to the maintenance of 
traditional Anglo-American communities, in particular access to land for grazing, hunting, and recreation.  
Community input during community meetings during this Forest Plan Assessment process has also 
identified these values as important. 

Cultural and historic resources and uses serve as a driver of economic sustainability in the vicinity of the 
Gila National Forest by fueling cultural tourism.  Archaeological sites are a major attraction for cultural 
tourism.  Indeed, from 2008 through 2011, roughly 37,000 people on average visited the Gila Cliff 
Dwellings National Monument per year (Mitchell et al. 2014).  Visitors to this and other interpreted cultural 
resources in New Mexico generated roughly 137 million dollars for State and local governments, with the 
Gila Cliff Dwellings generating roughly 17 million dollars alone (Thomas et al. 2015).  In the Plan Area, 
there are a few cultural resources that are interpreted and readily available for visitation to the public.  
These include: 

 The Trail to the Past on the Reserve Ranger District that includes a trail and interpretive placards 
at the remains of the Tularosa Ranger Station and a Reserve style petroglyph panel. 

 The Apache Creek Rock Art trail on the Reserve Ranger District that includes a trail and interpretive 
placards at a small Reserve Phase pueblo and near a series of Reserve style petroglyph panels. 

 The Trail to the Past in Pueblo Park on the Glenwood Ranger District includes an information kiosk 
where brochures are available that provide information concerning a series of Reserve and 
Tularosa phase pueblos located along the trail.  
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 The Lake Roberts Vista site on the Wilderness Ranger District includes a trail and interpretive 
placards at the remains of a small Classic period pueblo and Late Pithouse period structural 
remains. 

 The Lower Scorpion campground trail on the Wilderness Ranger District includes a short trail and 
interpretive placards at a Mogollon Red pictograph panel. 

 The Arrastra Site on the Silver City Ranger District includes a short trial leading to placards at a 
reconstructed arrastra used around the turn of the century. 

 The Big Tree Trail on the Silver City Ranger District includes a brochure interpreting the history of 
the area. 

 The Chloride Canyon trail on the Black Range Ranger District passes a number of Mogollon Red 
pictograph panels which are in the process of being formally interpreted for the public. 

 The Dragonfly trail on the Silver City Ranger District passes a number of Jornada Style petroglyph 
panels that are in the process of being formally interpreted for the public.  

Similarly, there are a number of interpreted resources adjacent to the Gila National Forest which provide 
information on the history of occupation of the area’s inhabitants.  These include the Fort Bayard National 
Historic Landmark, the Mogollon Mining district, the Gila Cliff Dwelling National Monument, the West Fork 
ruin near the Gila Cliff Dwellings, a number of sites along the Trail of the Mountain Spirits, the Santa Rita 
Mines, and the Geronimo Trail at Kingston.  

Scientific information generated from the studies at archaeological sites has provided a wealth of 
information important to the ecological sustainability of the Forest.  Places of past human settlements and 
use contain faunal remains, macrobotanical materials, microbotanical remains, soils, and other remains 
relevant to the reconstruction of ecological patterns over the past 12000 years, and have been vital for 
reconstructing patterns of environmental change within the region.  Scientific investigation of 
archaeological resources can also provide an understanding of how humans have successfully adapted to 
a changing environment, or when they have failed to do so (Dean 2007; Gregory and Nials 2007; Minnis 
1985; Wills 1988). 

Climactic fluctuations tend to correspond to time periods when significant cultural transformations took 
place in prehistory.  Usually, these time periods in the archaeological record are marked by substantial 
changes in mobility patterns, subsistence practices, and technological adaptations (e.g. the introduction 
of groundstone technology, the introduction of new projectile point types, the introduction of cultigens 
into the Southwest, the abandonment of the Four-Corners area, etc.) that likely emerged as groups 
responded to changing conditions.   

Perhaps the most often cited process used in analyzing how prehistoric populations responded to changing 
environmental conditions is variability in precipitation.  As anyone living in the southwestern United States 
today can testify, precipitation varies in the region both temporally and spatially.  Thus, there are times 
when more precipitation is present when compared to earlier or later periods, and there are geographic 
areas which receive more precipitation than others during the same time period.  Using tree-ring data in 
tandem with modern and historic records pertaining to rain fall totals, researchers have been able to 
reconstruct prehistoric precipitation values for different regions in the Southwest.  The most commonly 
used annual precipitation reconstruction for the Plan Area was constructed by Grissino-Mayer and 
colleagues (1997) based on their analyses of the tree-ring sequence present in areas from the Magdalena 
Mountains near Socorro, New Mexico; south to the Organ Mountains near Las Cruces, New Mexico; east 
to the Sacramento Mountains near Tularosa, New Mexico; and west to the Mimbres River near Mimbres, 
New Mexico.  This precipitation reconstruction spans from near modern times back to roughly 1,300 years 
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ago and provides the most robust record of changing micro-scale environmental processes for the Plan 
Area.   

Based on this precipitation reconstruction (Figure 208), one can deduce that some of the extreme variation 
from long term trends corresponds to rather significant changes in the archaeological record.  For instance, 
many of the divisions associated the time-space systematics for the Mogollon area corresponds to rather 
long periods of less than average precipitation.  The transition from the Georgetown phase to the San 
Francisco phase coincides with a rather lengthy drought that lasted from around A.D. 690 through A.D. 
710.  Similarly, the transition from the San Francisco phase to the Three Circle phase is marked by extreme 
variability in annual precipitation from around A.D. 790 through A.D. 820.  This time span witnessed less 
than average precipitation from A.D. 790-800, greater than average precipitation from A.D. 800-808, and 
less than average precipitation from A.D. 809-819.  The transition from the Three Circle to the Classic 
Period witnessed a series of less than average precipitation events from A.D. 978-985, A.D. 990-1014, and 
A.D. 1026-1042.  The transition from the Classic period to the Black Mountain phase witnessed an initial 
increase in precipitation from roughly A.D. 1085-1124.  This upward trend was followed by a significant 
decrease in precipitation from A.D. 1125-1150.  The transition from the Black Mountain phase to the 
Cliff/Salado phase is characterized by a series of years that experienced less than normal precipitation 
from A.D. 1246-1260 and A.D. 1269-1297.  The end of the Pueblo period in the Plan Area was characterized 
by extreme variability in precipitation beginning with more than average precipitation throughout A.D. 
1370-1389.  This was followed by less than average precipitation from A.D. 1407-1423, greater than 
average precipitation from A.D. 1426-1435, and less than average precipitation from A.D. 1445-1465.  
Finally, annual precipitation from roughly A.D. 1650 through to the present is characterized by increased 
variability.  During this time span there are multiple instances where periods of less than average 
precipitation is followed by periods of greater than average precipitation.  Less time elapses between these 
episodes of fluctuating precipitation values than in previous years suggesting that precipitation became 
less predictable for the inhabitants of the Plan Area. 

 
Figure 208. Precipitation reconstruction for A.D. 650-1950 depicting dry and moist periods.   

Note: The bold line represents the 10 year moving average of reconstructed yearly precipitation values. 
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While certain aspects of changing environmental conditions are, to some extent, outside the control of 
prehistoric human populations, other aspects of environmental change responded directly to pressure 
exerted by prehistoric human populations.  With respect to the Gila National Forest, researchers have 
demonstrated that the distribution of specific natural resources fluctuated as a result of population 
pressure.  Specifically, researchers have demonstrated that, in some portions of the Plan Area, timber 
resources and wild game resources became increasing denuded as populations grew (Creel et al. 2010; 
Creel and Speakman 2012; Minnis 1985; Schoolmeyer 2009).  These processes were likely exacerbated by 
the climactic fluctuations described above and increased, or created new, stressors on the overall social 
system.  

As one can imagine, the combination of temperature fluctuations, precipitation fluctuations, and changes 
in the amount and type of vegetation present in areas along floodplains increased the potential for severe 
erosion.  Such erosion in floodplains would have proven detrimental to prehistoric peoples especially if 
they were heavily invested in agriculture for their subsistence needs.  As a result, archaeologists have long 
been interested in how cycles of erosion affected human populations.  Perhaps the most in depth study of 
floodplain erosion processes was conducted for areas in northern New Mexico along the Colorado Plateau 
(Dean 1988, 1996; Dean and Funkhouser 1995; Gregory and Nials 2007).  For areas along the Colorado 
Plateau, researchers have demonstrated that there are long term cycles of floodplain aggradation and 
degradation.  Specifically, periods of aggradation, or those times of higher water tables and soil deposition 
in floodplains, were present from A.D. 350-750, A.D. 925-1250, and A.D. 1450-1880.  Conversely, periods 
of floodplain degradation, or those times of lower water tables and soil erosion, were present from A.D. 
750-925 and A.D. 1250-1450 (Dean 1988, 1996; Dean and Funkhouser 1995; Gregory and Nials 2007).  As 
Gregory and Nials (2007) show, the aggradation/degradation episodes correspond to periods of variable 
El Nino frequencies.  Similar studies conducted for areas along the Gila River in the Gila River Indian 
Reservation south of present day Phoenix, demonstrate that similar processes occurred (Waters and 
Ravesloot 2000).   

The above examples show that there is substantial variability throughout the Southwest with respect to 
floodplain and stream channel dynamics.  As of yet, no such studies of aggradation/degradation cycles has 
been conducted for stream channels and floodplains within the Gila National Forest.  However, using the 
studies conducted by other researchers as proxy measures, it is possible to interpret the precipitation data 
presented above in a new manner.  Briefly, the periods of stream channel and floodplain 
degradation/erosion episodes recognized in the Colorado Plateau and middle Gila River correspond to 
periods of precipitation that are preceded by periods of declining effective moisture.  This is usually 
followed by shorter intervals of above average precipitation before returning to precipitation levels 
approximating long-term trends (Dean 1988, 1996; Grissino-Mayer et al. 1996; Waters and Ravesloot 
2000) (Figure 209).  In analyzing the precipitation data along these lines, it is possible that in certain areas 
surrounding the lower Rio Grande, including the Plan Area, that an additional period of floodplain 
instability is present in the area when compared to the Colorado Plateau and the middle Gila River.  This 
additional period of floodplain degradation covers the time span form roughly A.D. 1600-1700.  It should 
be noted that more nuanced temporal controls and sedimentological analyses were conducted in the 
Colorado Plateau and middle Gila River examples.  Thus, this interpretation should be taken as anecdotal 
until similar analyses can be conducted in the Plan Area. 
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Figure 209. Stream channel dynamics for Colorado Plateau and Middle Gila River areas and 

possible stream channel dynamics for Plan Area based on yearly precipitation reconstruction. 

Periods of floodplain degradation could have possibly been disastrous for groups practicing floodplain 
agriculture, especially if irrigation canals were used to transport water to irrigated fields.  Such episodes 
could incise/down-cut channels and/or shift channel courses, both of which could render the irrigation 
canals practically useless if not destroy the canals and agricultural fields themselves. 

For the Mimbres Mogollon, and likely other Mogollon groups inhabiting the Gila National Forest, the socio-
ecological systems implemented by Mogollon groups were relatively resilient when compared to other 
contemporaneous groups inhabiting the Southwest (Hegmon et al. 2008; Nelson et al. 2012; Redman and 
Kinzig 2003).  As the above data demonstrates, there were time periods when ecological stressors appear 
to correlate with periods of transformation/reorganization in the Mimbres/Mogollon cultural sequence.  
Whether these changing environmental conditions caused the potential reorganization events is 
unknown.  However, the precipitation reconstruction demonstrates that nearly every transitional period 
associated with the Mimbres/Mogollon sequence is characterized by departures from long-term 
ecological trends. 

The Intergovernmental Panel on Climate Change posits that the environmental changes presented above 
will likely continue to escalate over the coming years (IPCC 2014).  Specifically, it is believed that if emission 
of greenhouse gasses (e.g. carbon dioxide, methane, nitrous oxide, etc.) continues along its current 
trajectory, that global temperatures will continue to rise (IPCC 2014).  This will lead to a decrease in cold 
temperature extremes, an increase in warm temperature extremes, an increase in extreme high sea levels, 
and an increase in the number of heavy precipitation events in some regions of the world.  In some 
portions of the world, heat waves are expected to increase in frequency and duration and precipitation 
events are expected to increase in intensity though will become sporadic in their frequency of occurrence 
(IPCC 2014).  All of these general trends have the potential to adversely affect cultural resources in the 
Plan Area. 

Perhaps the greatest threat that climate change poses to cultural resources is the increased threat of 
erosion.  As temperatures rise, vegetation communities are likely to be affected.  Elevational shifts in 
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vegetation communities and/or “extreme” fire events could lead to reduced canopy cover available to 
intercept precipitation and reduce raindrop impact energies and loss of vegetative ground cover (basal 
area + litter).  This loss of vegetative ground cover combined with more of the precipitation falling in higher 
intensity storms increases the risk of erosion (see Chapter 4: Soil and Chapter 6: Water for more details).  
This erosion risk can lead to increased sediment delivery to stream channels and potentially altered flow 
regimes and stream channel dynamics such as degradation (i.e. downcutting) or aggradation.  Channel 
down cutting events, increased arroyo formation, and shifts in stream channel dimension or location have 
the potential to destroy or damage cultural resources located in the Plan Area. 

As Nelson and colleagues espouse, while archaeological studies of past adaptations to changing climactic 
regimes “do not help us predict the future, they do provide natural experiments by which we can come to 
better understand the relationships between vulnerabilities and change and examine assumptions used 
to make contemporary decisions about managing for change versus managing for stability” (Nelson et al. 
2012: 201).  With respect to future management of actions for Forest sustainability, these studies 
demonstrate that change is the only constant, and that attempts must be made to incorporate this into 
management activities.  The best strategy for managing for change is one that is flexible in design and 
where this flexibility includes feedback for monitoring system component vulnerability. 

Input Received at Community Meetings 
During 2015 the Gila National Forest held a series of public meetings, in communities where ranger 
districts are located, regarding Forest Plan Revision.  Participants were asked what assessment topics were 
most important to them, about conditions and trends they had seen, and what opportunities they saw.  
One assessment topic was “cultural and historical resources.”  However, it should be noted that 
participants discussing other assessment topics also mentioned cultural resources.  Overlapping responses 
were found in discussions of “areas of tribal importance, recreation, and multiple uses and the benefits 
people obtain from the Forest.” Both positive and negative responses were collected.    

Community input regarding cultural resources fell into four major categories (listed in order of frequency): 
concerns about looting and protection; interest in interpretation of cultural resources (often combined 
with an interest in recreation); negative feelings about the process of cultural resource management; 
distrust of management of cultural resources by the Forest Service. 

Four comments expressed frustration with the process of cultural resource management, some 
referencing the amount of time and money that is spent protecting and/or identifying cultural resources.  
One read, “Maintain significant cultural and historic resources and let nature take care of the tens of 
thousands of inconsequential ones.” 

The vast majority of responses displayed a concern for cultural resources.  Six responses focused on how 
to best protect sites.  Five responses could be classified as interested in interpretation of cultural resources 
by the Forest Service and/or interest in accessing these sites for recreational purposes.  These comments 
were generally positive about current management and wanted to make sure that cultural resources are 
preserved for future generations.  Two responses indicated some distrust of Forest Service management.  
One of these read, “Cultural and historical resources need to be preserved and safeguarded from/for 
public and FS employees.”  The other also displayed a concern that the Forest not damage or destroy 
cultural resources.  Overall, many participants recognized the national significance of the cultural 
resources found on the Gila National Forest. 

After the release of the draft assessment report, commenters continued to express the importance of 
protecting cultural resources, and there was also interest in volunteer opportunities to assist these efforts. 
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Current Management and Regulation 
The 1986 Gila National Forest Plan (USDA FS Gila NF 1986) established a series of management 
prescriptions for cultural resources and required that management of cultural resources follow State and 
Federal laws for cultural resource protection.  Significant changes in how cultural resources are managed 
on the Forest since 1986 include the adoption and use of the Region 3 Programmatic Agreement and 
meeting new laws and directives that have been established.  The Forest currently follows the First 
Amended Programmatic Agreement Regarding Historic Property Protection and Responsibilities  Among 
New Mexico State Historic Preservation Officer And Arizona State Historic Preservation Officer And Texas 
State Historic Preservation Officer And Oklahoma State Historic Preservation Officer And The Advisory 
Council on Historic Preservation And United States Department of Agriculture Forest Service Region 3 
(USDA FS 2010i) in meeting NHPA Section 106 responsibilities.   Programmatic agreements are well 
established ways to apply systematic approaches for implementing Section 106 of NHPA that take into 
account the effects of FS undertakings on historic properties, provide for appropriate tribal consultation 
and public participation, minimize redundant documentation, and reduce the need for case-by-case 
review of routine land management activities when historic properties will not be affected or when 
standard protocols and treatments can be applied. 

Additionally, new Federal and State laws have come into existence that dictate how agencies manage 
cultural resources.  36 CFR 79 (1990) established regulations for how archaeological artifacts would be 
curated; these regulations formally established how to meet the requirements of NHPA.  Curation on-
Forest remains a challenge on the Gila, as within many Forest Service units; planning into the future needs 
to consider these requirements.  The Native American Graves Protection and Repatriation Act (NAGPRA) 
was enacted on November 16, 1990, to address the rights of lineal descendants, Indian tribes, and Native 
Hawaiian organizations to Native American cultural items, including human remains, funerary objects, 
sacred objects, and objects of cultural patrimony.  NAGPRA regulations affect both how collections are 
treated and how human remains are handled when they are discovered. 

Additionally, two executive orders (EO), which have the force of laws, have been added that affect 
treatment of cultural resources (or resources that can be cultural resources).  Executive Order 13006 
(1996) encourages locating federal facilities on historic properties in our central cities; this has little direct 
application on the Gila National Forest and reiterates similar requirements laid out in NHPA.  Executive 
Order 13007 Indian Sacred Sites (1996) is designed to protect and preserve Indian religious practices, this 
EO directs each federal agency that manages federal lands to “(1) accommodate access to and ceremonial 
use of Indian sacred sites by Indian religious practitioners and (2) avoid adversely affecting the physical 
integrity of such sacred sites.” This executive order can apply to many geographical areas and sites on 
forests, including but not limited to traditional cultural properties (TCPs under NHPA).  Additionally, the 
Forest Service 2360 Manual has been modified and the 2309 Forest Service Handbook is new; standard 
measures of Heritage Program management (Heritage Program Managed to Standard) have changed.  This 
shift in Heritage Program Managed to Standards (HPMtS) has established a different set of targets for 
Heritage Programs to meet than was present under the previous Forest Plan.  Changed laws, direction, 
and standards need to be incorporated into new planning documents. 

Consultation with Tribes is an ongoing process and enriches our understanding of resources we manage.  
Tribal consultation is also a requirement both of Manual and Handbook Direction and many laws.  Within 
Cultural Resource Management, Tribal consultation is imperative not from only a legal perspective but also 
in order to better identify and address the concerns of communities who still are connected to sites.  
Native communities have a vested interest in many locations which may be seen as (still) inhabited by the 
ancestors, have value as sacred places, or be important for other reasons.  Working with tribes as we 
manage these resources enriches our understanding, management, and interpretation of many sites. 
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Volunteers & Partnerships 
The Forest regularly engages volunteers and partnerships to help address both research and management 
concerns.  Research projects involving universities, museums, Passport in Time (PIT) volunteers, and other 
Forest Service volunteers occur on the Forest.  Many of these projects address management concerns, 
such as erosion.  A dedicated group of New Mexico SiteWatch volunteers serve as site stewards, 
monitoring changing site conditions and alerting the Forest to significant changes in condition.  These 
volunteers and partnerships provide a valuable service to the Forest and represent a meaningful and 
lasting way for the public to contribute to and learn about our cultural resources.   

Summary 
Archaeological resources on the Gila National Forest (the Plan Area) reflect a 12,000 year occupation of 
the area.  These resources remain important to descendant populations (Tribal and non-tribal), Forest 
visitors, and our National heritage.  Tribal, local, and academic outreach during plan assessment attests to 
the importance of these resources as sacred places, important destinations for visitors, and as scientific 
resources. 

Of the 3.4 million acres encompassed by the Gila National Forest, roughly 17 percent (ca. 580,000 acres) 
have been inventoried for cultural resources.  However, only 12 percent (ca. 400,000 acres) have been 
inventoried to current standards.  These inventory endeavors have recorded 6,168 archaeological sites 
across the six Ranger Districts comprising the Plan Area.  Analyses demonstrate that the vast majority of 
these resources are located in areas below 8,000 feet in elevation; are located on gently sloping landforms 
with less than a ten degree gradient; are located in either piñon-juniper woodland or ponderosa pine 
woodland biotic provinces; are located within 200 meters of a stream; are located in areas modeled to be 
non-productive from a modern agricultural perspective; and are located on landforms classified as 
mountain tops/high ridges, canyon/deeply incised streams, U-shaped valleys, and/or local ridges/hills in 
valleys.  Roughly 84 percent of all known cultural resources contain a prehistoric component.  Of these, 
the vast majority date to the Early to Late Pueblo period or represent Late Archaic period occupations.  
The remaining 16 percent of all known cultural resources contain a historic component.  Of these, the 
majority date from New Mexico Statehood to recent times. 

Of the 6,168 archaeological sites on the Forest, only eight have been formally listed in the NRHP.  Roughly 
33 percent of all cultural resources in the Gila National Forest have been recommended as being eligible 
for inclusion in the NRHP, and only seven percent of all resources have been recommended as being not 
eligible for inclusion in the NRHP.  The eligibility of the remaining 59 percent of known cultural resources 
for inclusion in the NRHP is currently undetermined.  While the data should be treated as anecdotal, 
disturbances brought about by bioturbation, wind and water erosion, construction/land development, 
and vandalism increases through time on all districts comprising the Plan Area. 

Data derived from studies conducted on archaeological sites in the Plan Area and in surrounding areas 
indicate that past environmental conditions fluctuated through time.  There were time periods when 
ecological stressors, or deviations from long-term trends, appear to correlate with periods of 
transformation/reorganization in the Mogollon cultural sequence.  However, many of these transitional 
periods are not associated with relatively extreme variability in the archaeological record.  Using these and 
similar data, researchers have shown that the Mogollon socio-ecological system was fairly resilient and 
able to accommodate environmental change without substantially reorganizing the social system. 

Current changes in climatic and environmental conditions, if left to continue along their current 
trajectories, pose substantial problems for cultural resources on the Forest.  Threats include those posed 
by uncharacteristic fire events and the increased threat of erosion.  Channel down cutting events, 
increased arroyo formation, and shifts in stream channel dimension or location have the potential to 
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destroy or damage cultural resources located in the Plan Area.  The best way of managing for these 
potential future conditions is to implement a strategy that is flexible in design and where this flexibility 
includes feedback for monitoring system component vulnerability. 

The cultural resources present within the Plan Area have the potential to elucidate information on the 
varied lifeways of the region’s inhabitants for the past 12,000 years.  Such information could be used to 
address issues vital to the changing concerns of the Nation by providing examples of how historic and 
prehistoric social groups adapted to changing socio-ecological conditions (i.e. climate change, 
sustainability, pan-regional interaction, etc.).  Similarly, cultural resources throughout the Forest are likely 
to increase in importance with respect to cultural tourism.  These phenomena (increased research, 
increased tourism, and climate change) all have the potential to increase the risk of loss of archaeological 
resources.  Through establishing new partnerships with interested stakeholders, and maintaining existing 
ones, the Gila National Forest will be better able to reduce existing risks to cultural resources and mitigate 
new risks as they arise. 
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Chapter 18. Areas of Tribal Importance 
Introduction 
This chapter identifies and evaluates available information on areas of tribal importance relevant to the 
plan area, including tribal rights, areas of known tribal importance within the plan area affected by 
management, and conditions and trends of resources that affect areas of tribal importance and tribal 
rights. 

Ecosystem Services of Areas of Tribal Importance 
The Forest provides many ecosystem services from its lands that are important to tribes. Among them are 
cultural ecosystem services in the form of opportunities for religious pilgrimages to place offerings at 
sacred sites and visits to shrines and springs. Provisioning services are also produced by Forest lands to 
tribes in the form of game and fish for sustenance, fresh water for drinking, and wood and fiber for heating, 
cooking and construction. Supporting services provided to tribes from Forest lands include plants for 
gathering for food and medicine, plant pigments, and stone and minerals for tools and agriculture. Tribes 
also benefit from regulating services produced by Forest lands, including climate regulation, water 
purification, and flood regulation. 

Indian Tribes Associated with the Plan Area 
The Gila National Forest routinely consults with 10 federally recognized tribes that are based in New 
Mexico, Arizona, Oklahoma, and Texas. These tribes include: the Pueblos of Acoma, Laguna, Zuni, Ysleta 
Del Sur Pueblo, the Navajo Nation, the Hopi Tribe, the San Carlos Apache Tribe, the Ft. Sill Apache Tribe, 
the Mescalero Apache Tribe, and the White Mountain Apache Tribe. These tribes have all expressed some 
level of interest in the resources and management of the Forest, and sometimes provide input to the 
Forest pursuant to Section 106 of the National Historic Preservation Act and the National Environmental 
Policy Act. These tribes recognize the lands managed by the Gila National Forest as part of their aboriginal 
or traditional use areas, and many acknowledge contemporary use of these lands for traditional cultural 
and religious activities. 

No tribally held land abuts the Forest (Figure 210).  All government centers for tribes and pueblos are 
located over an hour from the Forest by vehicle, with many over two hours from the Forest boundary.  The 
physical distance between the Forest and tribal lands reduces the day-to-day use of the Forest by Native 
peoples and poses a logistical challenge.  However, these factors do not reduce the Forest’s importance as 
a traditional homeland and a significant and sacred place to tribal people.  

The Forest maintains a governmental relationship with 10 federally recognized tribes, and routinely 
consults with these tribes on policy development, and proposed plans, projects, programs, and Forest 
activities that have a potential to affect tribal interests or natural or cultural resources of importance to 
the tribes. The Forest strives to build and enhance its working relationship with these tribes. 
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Figure 210. Location of the Gila National Forest (plan area) in relationship to consulting tribes. 

Existing Tribal Rights 
The federal government has certain trust responsibilities, and a unique legal relationship with federally 
recognized Indian tribes, defined by history, treaties, statutes, and court decisions. The span of 
responsibilities and nature of the relationships can vary between federal agencies. 

The federal trust responsibility is summarized by Pevar (2004: 33) as “Broadly, the trust doctrine requires 
the federal government to support and encourage tribal self-government and economic prosperity, duties 
that stem from the government’s treaty guarantees to “protect” Indian tribes and respect their 
sovereignty. In 1977, a Senate report expressed this obligation as follows: 

The purpose behind the trust doctrine is and always has been to ensure the survival and welfare of Indian 

tribes and people. This includes an obligation to provide those services required to protect and enhance 

Indian lands, resources, and self-government, and also includes those economic and social programs which 

are necessary to raise the standard of living and social well-being of the Indian people to a level comparable 

to the non-Indian society. 

Under this broad approach, the federal government’s trust duty “is owed to all Indian tribes”, including 
those that did not enter into treaties with the United States. The trust doctrine “transcends specific treaty 
promises and embodies a clear duty to protect the native land base and the ability of tribes to continue 
their ways of life.” 
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The Forest Service’s policy regarding tribal relations is defined primarily by the authorities listed in Forest 
Service Manual part 1563.03-Policy (Effective Date 3/9/2016).   

The agency’s policy focuses on fourteen key points: 

 Sovereignty. Respect and uphold the sovereignty of all federally-recognized Tribal governments. 

 Government-to government relationship. Maintain government-to-government relationship 
with federally recognized Tribes. 

 Consultation. Consult with Indian tribes and Alaska Native Corporations on matters that may 
affect their rights and interests. 

 Accountability. Maintain an accountable process to ensure regular and meaningful consultation 
with Tribal officials in the development of policies or actions that may have Tribal implications. 

 Tribal Summary Impact Statement. Prepare tribal summary impact statements in an identifiable 
portion of the preamble to each regulation that has tribal implications to be issued in the Federal 
Register. 

 Certification. Provide certification of compliance with Executive Order 13175 to OMB when 
transmitting a draft final regulation that has tribal implications. 

 Negotiated Rulemaking.  On issues relating to tribal self-governance, tribal self-determination, 
tribal trust resources, or tribal treaty and other rights, the Forest Service should explore use of 
consensual mechanisms for developing regulations, including negotiated rulemaking. 

 Tribal Relations Training. Forest Service employees shall complete tribal relations training. 

 Confidentiality. Forest Service employees shall protect the confidentiality of culturally sensitive 
and proprietary information. 

 Sharing Information.  The Forest Service shall assist Indian Tribes and tribal organizations by 
providing technical, educational, financial, and other information, and establish information 
exchanges where mutually agreed to and authorized by law. 

 Reducing Impediments. Wherever possible, the Forest Service should reduce or remove legal or 
administrative program impediments that inhibit the Agency’s and Indian tribes’ capacity to 
work directly and effectively with each other. 

 Repatriation.  Repatriation of Native American human remains and associated funerary objects, 
unassociated funerary objects, sacred objects, and objects of cultural patrimony is consistent 
with the requirements of the Native American Graves Protection and Repatriation Act 
(NAGPRA). 

 Reburial. Support, where appropriate, shall be provided for request(s) for reburial of human 
remains and cultural items on Forest Service-administered lands. 

 Education. The Forest Service shall help improve educational opportunities provided to all 
American Indian and Alaska Native students. 

The Forest carries out its trust responsibilities under a variety of authorities. Some of the laws that address 
the agency’s requirement for government to government consultation include: the American Indian 
Religious Freedom Act (AIRFA); the Archaeological Resources Protection Act (ARPA); the National Forest 
Management Act (NFMA); the Native American Graves Protection and Repatriation Act (NAGPRA); the 
National Environmental Policy Act (NEPA); the National Historic Preservation Act (NHPA) -Sections 106 and 
110; 36 CFR Part 800 Protection of Historic Properties, and the Religious Freedom Restoration Act (RFRA). 
Executive Orders, such as EO 13175 Consultation and Coordination with Indian Tribal Governments and 
EO 13007 Indian Sacred Sites, also speak to the agency’s responsibilities. 
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Other more recent authorities, directives and/or guidance relevant to Forest management, collaboration, 
and consultation include the Tribal Forest Protection Act (2004), the Food Conservation and Energy Act of 
2008 (The Farm Bill), Report to the Secretary of Agriculture-USDA Policy and Procedures Review and 
Recommendations: Indian Sacred Sites (December 2012), Memorandum of Understanding Among the 
Department of Defense (DOD); Department of Interior (DOI); U.S. Department of Agriculture (USDA); 
Department of Energy (DOE), and ACHP Regarding Interagency Coordination and Collaboration for the 
Protection of Indian Sacred Sites (December 2012), and FSH 2409.18-Trees, Portions of Trees, or Forest 
Products Free of Charge for Indian Tribes for Non-Commercial Traditional and Cultural Purposes. 

The U.S. Forest Service Tribal Relations Strategic Plan (2010) outlines three basic goals around Tribal Rights, 
Partnerships and Program Development:  

• American Indian and Alaska Native Rights: Ensure the agency redeems its trust responsibility and 
protects American Indian and Alaska Native reserved rights as they pertain to Forest Service 
programs, projects, and policies. 

• Partnerships: Leverage partnerships to maximize mutual success. 

• Program Development: Promote integration and utility of the Tribal Relations Program throughout 
the agency. 

The strategy targets specific outcomes, and delineates the Tribal Relations Program, mission, goals and 
objectives. The Region’s First Amended Programmatic Agreement Regarding Historic Property Protection 
and Responsibilities (December 2003) addresses project-level consultation pursuant to the National 
Historic Preservation Act (as amended). 

Under the current administration, there has been an increased emphasis on work with American Indian 
tribes within USDA and the agency. Both the revisions to Forest Service Manual Chapter 1560, part 1563, 
and Forest Service Handbook 1509.13 (Chapter 10, American Indian and Alaska Native Relations 
Handbook) became effective on March 9, 2016.  Direction within this further clarifies who may conduct 
government-to-government consultation with Tribes. The Handbook now states “Government-to-
government consultation may only occur between Forest Service Line Officers and tribal leaders who have 
authority to consult on behalf of their Tribe…Tribal consultation may not be delegated from line to staff in 
the field.” The handbook also supports the development and use of memoranda of understandings 
(MOUs) between Forests and Tribes. 

Areas of Known Tribal Importance Affected by Management of the 
Plan Area 
Lands managed by the Gila National Forest have been used, and continue to be used, by many tribes for a 
variety of traditional cultural and religious activities. Over time, these activities have included, but are not 
limited to: collection of plants, stone, minerals, pigments, feathers, soil, catching eagles, hunting game, 
and conducting religious pilgrimages to place offerings and to visit shrines and springs. 

Places and properties valued and used by the tribes for a variety of purposes have been identified on every 
District of the Gila National Forest. Properties can possess traditional cultural or religious significance for 
a number of reasons. Some of these reasons include locations with long-standing cultural use, locations 
of buried human remains repatriated under NAGPRA, locations where ceremonial objects have been 
retired, locations of contemporary ceremonies, and locations where specific forest products are gathered 
for ceremonial use.  Some locations such as shrines, springs, caves, and resource collection areas have 
long-standing and ongoing historical, cultural, and religious significance.   



Chapter 18. Areas of Tribal Importance 

 
Gila National Forest Assessment Report – Final  717  

In addition to specific noted locations, peaks and entire mountain ranges are frequently regarded as 
sacred, and viewed as an integral part of a tribe’s cultural landscape.  Multiple peaks on the Forest have 
been identified as sacred to one or more tribes.  Many have place names tied to tribes’ oral traditions.  
Cultural and traditional use of specific mountains is ongoing, dictated by the cycle of cultural activities.  

Existing information regarding sacred sites is based on published sources as well as the results of project-
level consultation conducted by the Forest. To date, approximately 30 locations of cultural and religious 
significance have been identified Forest-wide.   

Certain locational types (e.g., caves & springs) tend to be considered sacred, once identified.  The 
importance of natural water sources to Tribes is underscored by their interest in having the Forest Service 
do a better job of protecting and enhancing them.  

Certain archaeological site types including battlefields, ceremonial sites, and rock art sites are frequently 
identified as sacred.  For example, oral histories, which continue to be passed down about battlefields, 
convey the events and sacrifices that ensured community survival and cultural transmission. Rock art can 
be found across the Forest in the form of petroglyphs and pictographs.  Recent consultation with multiple 
tribes indicates these resources played an important role in instruction and ritual.  Some images depict 
the story of emergency and migration.  Other images are associated with specific rites or activities.  Areas 
where rock art is found are often considered sacred.  There is ongoing tribal visitation to some rock art 
sites (Figure 211). 

The locations and ongoing tribal uses of sacred locations generally remains confidential in order to best 
protect these resources and their ongoing use.    

Under the National Historic Preservation Act (NHPA) some identified archaeological sites can be 
designated as TCPs.  This designation has not been applied to all locations that tribes consider sacred.  The 
Forest, together with tribes, has formally documented one location as a traditional cultural property (a 
petroglyph site); it has been determined eligible for the National Register of Historic Places, though not 
formally nominated to the National Register in order to protect its anonymity.  Additional sites, landscape-
level properties, and historic districts, containing a number of historically or functionally related 
properties, remain minimally documented but clearly meet the criteria of a TCP.  As an example, several, 
if not all, historic Apache battlefields located on the Forest could qualify as TCPs.   

It is important that traditional practitioners have access to TCPs and other sites of spiritual or traditional 
significance and that they are afforded privacy to conduct ceremonies as requested. 

Cultural resources (e.g., archaeological sites) are often of importance to tribes and it is important that 
tribes are consulted regarding management of these resources, particularly when it comes to 
interpretation, excavation, and the treatment of human remains.  The Forest uses a proactive approach in 
protecting cultural resources from adverse impacts and conducts outreach to educate the public on the 
history of the Gila NF and historic preservation issues.  Working in partnership with federally recognized 
tribes helps us protect ancestral sites and manage cultural resources through meaningful collaboration.  
The Forest also recognizes that there are important tribal sacred sites, ethnographic resources, and 
traditional use areas that may not meet the definition of a historic property.  The Forest works to protect 
these resources using existing authorities in collaboration with federally recognized tribes.  For a 
discussion of Cultural Resources see Chapter 17. 
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Figure 211. The Zuni Cultural Resource Advisory Team visiting a rock art site on the Gila National 

Forest. 

Forest Product Collection 
Although gathering forest products for personal, commercial, and ceremonial uses is limited to some 
extent due to distance, there is tribal use of and interest in forest products.  Distance does not reduce the 
significance of the area in tribal memory, although it can make daily use less common. Zuni sources have 
identified at least 15 areas of importance for gathering and hunting.  Tribal members from multiple groups 
have hunted on the Forest.  Firewood is a forest product that is of interest to tribal members for personal 
and ceremonial use. This includes juniper, piñon, oak, and ponderosa pine. However, due to travel 
distance, only a few groups have been known to collect these resources on the Gila National Forest.  
Collection of forest products for “special” uses seems more common than for heating.   For example, there 
have been instances of tipi pole collection.  There is use of the National Forest for collecting forest products 
for traditional and cultural purposes. Some examples include soils/minerals, yucca, willow, cactus, grasses, 
osha root, Douglas fir, ponderosa pine, and oneseed juniper.  Due to distance, most tribal use of forest 
products on the Gila focuses on ceremonial, medicinal, or artistic products.  The act of procuring certain 
products is a sacred activity, requiring preparation on the part of participants.  Traveling to collect these 
materials can be a sacred activity with deeper meaning and importance to participants.  The Forest 
recognizes that tribal forest product collection within our boundaries helps maintain and reinforce sacred 
connections to the land for tribal individuals.   

Multiple authorities provide for tribal use of forest products.  These include:  

 FSM 1563.03 directs Forests to “assist Tribal members in securing ceremonial and medicinal 
plants. 

 Food, Conservation, and Energy Act of 2008, Sec 8105 provides authority to provide, free of 
charge, to federally recognized Indian Tribes trees, portion of trees or forest products from 
National Forest System lands or noncommercial, traditional and cultural purposes.  
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 FSH 2409.18 Chapter 80 provides authority to grant trees, portion of trees, or forest products to 
federally recognized Indian Tribes for a wide variety of noncommercial uses that serve to promote 
traditional native culture, activities and practices, and may be used where treaty reserve rights 
may be absent or ambiguous.   

Conditions and Trends of Resources that Affect Areas of Tribal 
Importance and Rights 
Conditions and trends that are social and/or economic based are influencing tribal use of the Forest and 
affecting areas of tribal importance. Some of these include: changes in land ownership, degradation of 
forest health and watershed conditions, changing technologies and energy development, population 
growth, expanding recreation use, and the development of private lands. 

Change in Land Ownership and Access to Land and Resources 
Tribal access and use of the lands and resources now managed by the Gila National Forest, as well as the 
general landscape, have been altered over time due to a number of factors. The primary factor is the 
change in land ownership and jurisdiction. Historically, resources on the land were more widely available 
to tribes, and they had nearly unfettered access to these lands for hunting, acquiring construction 
material, gathering firewood, and collecting resources for food, medicine, and ceremony.  There were 
often well-established travel routes between communities, and prescribed routes to specific locations of 
tribal importance. As the Spanish, Mexicans, and later the Americans moved into the area, recognition of 
land ownership became increasingly important. Access to and use of resources continued to change with 
the establishment of the National Forest in the early 20th century, and the gradual progression of 
environmental policy, resulting in the passage of federal laws and regulations, and greater federal 
oversight. 

In some cases, access to culturally significant locations has been severely restricted or eliminated 
altogether in places where land has gone into private ownership.  Although the Forest Service has the 
ability, under a variety of authorities, to assure tribes access to sacred sites and privacy to conduct cultural 
activities, few tribes have exercised these rights on the Gila National Forest.  There have been few requests 
for temporary closure, through authorities such as the 2008 Farm Bill, for these purposes. There seems to 
be a pervasive lack of awareness about the options and the process for securing these types of closures. 
There is also some confusion about the process of obtaining free use permits for the collection of forest 
products, and under what situations a permit is needed. Nevertheless, the Forest is very responsive to 
tribal requests, although the Forest lacks a consistent procedure to authorize for the collection of forest 
products for ceremonial use. 

The process of preparing for and travelling to an area to conduct traditional and cultural activities is often 
as significant as the activity itself. The construction of fences, installation of gates, and checkerboard land 
ownership patterns, has contributed to complicating the tribes’ ability to do resource collection and to 
visit areas of traditional cultural and religious significance. Land ownership can affect how tribes approach 
areas of tribal importance, and conflicts have been known to arise with landowners or with Forest Service 
personnel who are unfamiliar with tribal rights on National Forest land. Ownership and development of 
private land has led to a greater reliance on National Forests.  Still, there is only limited use of the Gila 
National Forest by tribes for traditional, cultural and religious activities. Instead, they will opt, where they 
can, to obtain these resources on their own lands, or will travel to National Forest lands that are closer to 
their reservations. 
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When tribes do go to important places on National Forests, their methods of travel and their activities 
often have to be adjusted for factors such as road development, fences, gates, mixed land ownership, and 
other permitted or recreational uses of Forests. 

Degradation of Forest Health and Watershed Conditions & Restoration 

There are a number of factors that have led to compromised watersheds and forest ecosystems. Broadly 
speaking, historic agency fire suppression policies, timber harvesting, logging practices, livestock grazing 
and localized mining practices have all contributed to the compromised watersheds and forest ecosystems 
that the Forest is managing today (see Chapter 6: Water). Much of this occurred during a period in the 
agency’s history when output was a top priority, in response to the social demands of the time. Ground-
disturbing permitted activities and dispersed recreation have also contributed to the disturbance and 
degradation of some resources (see Chapter 12: Recreation). 

For example, the Navajo believe that if plants are misused, they will move away. Drilling or digging into 
the earth is an example that the Navajo use to describe misuse. The effect that drilling and digging have 
upon plants is one reason these activities are viewed as negative. Digging into the earth is also believed to 
alter the otherwise beneficial effect of activities such as prescribed burning. Generally burning is 
considered positive, because it tends to bring about a re-growth of plants.   

Many Tribes view large landscape scale restoration as a way to restore and enhance the resources.  There 
is an understanding from Tribes that a healthy functioning resilient ecosystem is a healthy sacred place. 

The Tribal Forest Protection Act of 2004 (Public Law 108-278) allows tribes to propose projects on National 
Forest System lands to protect their own trust resources. The Tribal Forest Protection Act (TFPA) basically 
authorizes the Secretaries of Agriculture and Interior to give special consideration to tribally proposed 
Stewardship Contracting or other projects on Forest Service or Bureau of Land Management (BLM) land 
bordering or adjacent to Indian trust land to protect the Indian trust resources from fire, disease, or other 
threats originating from Forest Service or BLM land.  Given the proximity of the Gila National Forest to 
tribal lands; these types of projects have not been proposed.  However, in 2012, the Gila NF entered into 
a three year Collaborative Forest Restoration Project (CFRP) grant with the New Mexico Forest Industry 
Association.  This grant provided job training and work (some on-Forest) marking timber to the local Alamo 
Navajo. 

Additional discussion on vegetation management can be found in Chapter 2: Upland Vegetation where 
ecosystem characteristics are analyzed: vegetative structure, fire regime, patch size, invasive species, 
coarse woody material, climate, snags, insects and disease. 

Climate Change 

Climate change, discussed in Chapter 9: System Drivers and Stressors, is affecting the environment in 
multiple ways.  Catastrophic floods, increased fire activity, species becoming less viable in their native 
ranges, and the expansion of invasive plants and animals have all been associated with climate change.  
Environmental degradation that occurs has the potential to change the character of sacred places and the 
availability of traditionally used resources.  Traditionally used plants may shift range or become unavailable 
in some areas due to climate change; these changes can affect the availability of products desired by tribes.  
Forests, with large land bases, may prove somewhat more resilient due to less environmental 
fragmentation and other factors, rendering Forests increasingly important sources of forest products for 
tribes.   Impacts to specific sites will also have the potential to cause tribal concern as resources such as 
shrines, rock art, and sites where the ancestors still reside could be disturbed by fire or flood (see 
discussion of impacts of climate change to archaeological resources in Chapter 17: Cultural and Historic 
Resources). 
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Changing Technology and Energy Development 
As a multiple use agency, the Forest Service permits a wide variety of activities on National Forest System 
lands. Activities such as the development of communication sites, mineral exploration and extraction, and 
construction and maintenance of transmission or utility corridors have affected, and continue to affect, 
areas of tribal importance. 

In recent years, there has been a greater emphasis on alternative forms of energy development such as 
wind, solar, and nuclear power. While many tribes support the development and use of wind and solar 
power, there is also recognition that these types of energy development result in a large footprint on the 
landscape, and often impact the viewshed.  Evidence of past mineral exploration is still evident today on 
Districts of the Forest, and the agency has only recently begun to address the remediation of older mines 
on the Forest. In the aftermath of the 2015 Gold King Mine waste water spill originating in Colorado, and 
subsequent response of the Navajo Nation and other tribes in the region, we can anticipate heightened 
tribal interest in the successful remediation of mines on the Forest. 

Changes in telecommunication technology over the past century resulted in a proliferation of 
communication sites developed on the Forest, most located on high points such as mountain tops. These 
constructed features are a mixed blessing for tribal communities. While communication sites make certain 
technologies readily available to all, they are perceived to cause impacts to the landscape, wildlife, and 
traditional tribal use of the land. For example, radio communication sites contain towers that can be seen 
for great distances, and if greater than 200 feet in height, will be lit at night per Federal Aviation 
Administration (FAA) requirements. Those tribes that have expressed opposition to the development of 
new communication sites have encouraged co-location of communication infrastructure to the maximum 
extent feasible. 

Impacts created by the presence of towers or any other highly visible anthropogenic objects, obstruct the 
“line of sight” from the physical location of the ceremony to a given location (e.g., a peak). This can 
interfere with the practitioner’s accuracy of diagnosis and proper treatment of patients. These visible 
impacts represent an intrusion to the traditional experience and the ability to properly conduct prescribed 
cultural practices. 

The continued permitting and development of electronic facilities and mines on the Forest, particularly on 
or near the higher mountains, disallows the meditative atmosphere, quietness, and privacy necessary for 
traditional cultural activities. The additional vehicular traffic associated with the use, maintenance, and/or 
expansion of these types of facilities is also a concern from the standpoint of intrusion and interference 
with traditional and religious practices. 

Places of tribal importance have an integral relationship with a tribe’s beliefs and traditional cultural 
practices, and are viewed as critical to the maintenance of a tribe’s cultural identity and transmittal of their 
beliefs and practices. Practitioners sometimes engage in certain traditional activities that can only be 
conducted in a specific place. Tribes have expressed concern that as development continues in areas of 
tribal importance, it forces these individuals to alter their cultural activities, and in time, is seen as a 
cumulative impact to their cultural activities. Development does not always stop the cultural activities and 
practices, but is perceived to degrade the traditional practices and diminish their value. 

Large and intrusive development has the potential to affect a tribe’s relationship with an area of traditional 
and cultural significance, and risks the disruption and/or alteration of traditional cultural activities that are 
critical to the continuity of cultural beliefs and practices. In the view of the tribes, impacts to a traditional 
practitioner’s ability to conduct traditional cultural activities in the area will render the overall 
effectiveness of medicine and healing ceremonies less effective. 
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Title V, Section 503 of the Energy Policy Act of 2005 (Public Law 109-58) and Indian Mineral Development 
Act of 1982 (Public Law 97-382) provide increased flexibility for tribes to develop energy resources. A 
number of tribes in the region are currently developing energy under the provisions of the Energy Act of 
2005. According to the Department of Energy, Tribal Energy Program website 
(http://apps1.eere.energy.gov/tribalenergy/projects_state.cfm/state=NM), there are 18 energy related 
projects in New Mexico, virtually all of which focus on renewable energy.  Renewable energy can be 
developed to meet a tribe’s needs for sovereignty, energy independence and diversification, 
environmental sustainability, and to strengthen the tribal economy. 

The Forest does not share a common boundary with any tribe.  Despite this, it is possible that the Forest 
could receive requests for special use permits to cross National Forest land. This would include requests 
to transmit electricity or natural gas across National Forest land by the Department of Energy and the 
Department of Interior, working on behalf of tribes to develop their resources. Additional discussion on 
energy and mineral development can be found in Chapter 16: Energy and Mineral Resources. 

Population Growth, Development, and Expanding Recreation Use 
Recreational use of the Forest is on the rise. Some popular activities involve day use (such as picnicking, 
hiking, mountain biking, and horseback riding), driving for pleasure and scenic beauty, and wildlife viewing.  
Located away from urban areas, hunting, backpacking, and camping represent important activities that 
are enjoyed by locals and bring visitors and resources into the area.  As a Forest with three Wilderness 
Areas, including the Gila Wilderness, the first designated Wilderness in the Nation, longer trekking 
(including backpacking and packing with horses) is also popular and draws visitors from around the world 
to the Forest.  See Chapter 12: Recreation and Chapter 13: Designated Areas for more details. 

The Pueblo of Acoma has expressed concern regarding dispersed motorized use of the Forest and the 
proliferation of motorized trails and roads.  They are concerned that too much motorized use degrades 
watersheds, displaces plants, disturbs animals, and reduces the sense of solitude.  They, and other tribes, 
have been supportive of the Forest’s efforts to regulate motorized travel via the Travel Management Plan.  
As recreation increases on the Forest, conflicts between traditional practitioners and other Forest visitors 
can be expected to increase. 

Development of Private Land 

There are inholdings of private land within every District of the Forest. In some cases, these properties 
contain strategic and culturally significant features such as springs.  Most of these lands have not been 
subdivided.  However, development of subdivisions within or adjacent to the Forest can create concerns 
for a variety of reasons including: changes to the visual characteristics of the landscape, construction of 
new transmission lines and other utilities on Forest, concerns for wildlife, introduction of new species, 
degradation of watershed condition, increased fire risk, and when residents who live immediately adjacent 
to the National Forest and/or wilderness areas establish informal trail systems for their personal use (see 
Chapter 17: Land). 

Input Received at Community Meetings 
Community meetings were held across the Forest in 2015; over 200 individuals participated in these 
meetings.  One assessment topic posed to participants was “Areas of Tribal Importance.”  Given the 
location of these meetings in communities with District Offices, responses do not represent input from 
tribal communities.  Only 5 responses directly discussed the importance of the Forest to Tribes and these 
reflected different levels of understanding.  Responses to the assessment prompt ranged from “none” to 
“everywhere.”  The “none,” which presumably indicates the respondent doesn’t recognize there are any 
areas of tribal importance, is concerning.  One response stated that “cultural and historic resources are 
[should be] protected and tribal areas respected.”  This response and another on the desirability of signing 

http://apps1.eere.energy.gov/tribalenergy/projects_state.cfm/state=NM
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archaeological sites reflect the general community understanding that archaeological sites can be 
important to tribal communities.  Another participant responded: “manage for the recreational purposes 
while being aware of local customs and cultures (fuelwood collection, cultural herb use, etc.).”  This 
response reflects and understanding that a broad range of values can be important to tribes.  Ongoing 
interpretation has been designed to help inform the public on the ongoing significance of the Forest to 
tribal communities.  Efforts by Tribes and the Forest can help enhance community understanding of the 
Forest as a traditional tribal area.  

Tribal Consultation During Plan Revision Assessment Phase 
The Gila National Forest maintains a governmental relationship with ten federally recognized Indian tribes, 
also directly contacting specific bands within those tribes that live nearby.  All of these groups have been 
contacted by mail and by phone in regards to Forest Plan Revision.  Face-to-face consultation has occurred 
with four tribes so far during the assessment phase.  We hope that as the Forest Plan Revision process 
progesses that we will have substantive conversations with all ten tribes, developing a growing 
understanding of their vision of how we can best partner with them and how this landscape should best 
be managed into the future. 

Topics of conversation with tribes during this phase covered a range of topics.  Tribes discussed concerns 
about climate change, the importance of forest restoration, and an appreciation of recent travel 
management efforts, which hopefully reduce resource degradation and habitat fragmentation.  There was 
some discussion of hunting and gathering on-Forest.  Cultural resource management issues discussed 
included: research interests and concerns, and opportunities for tribal involvement in interpretation of 
cultural sites for Forest visitors.  Another major topic was opportunities for tribal youth to be exposed to 
the traditional lands that are now part of the Gila National Forest, either through educational activities 
(on the ground or virtual), through working with other researchers, or as employees.  Other Forests have 
solicited the tribes regarding their concerns and interests in forest management; comments they have 
received have reflected similar concerns and interests.  Specific comments have been received by other 
Forests about concerns over increased development, impacts to resources from off-road travel, the 
environmental and cultural impacts of mining, chemical treatments of native plants, and protection of 
agave.  We anticipate continued tribal involvement throughout the plan revision process and anticipate 
that the revised plan will emphasize mutually beneficial relationships between the Forest and Tribes. 

Summary of Conditions, Trends, and Risks 
The Gila National Forest maintains a governmental relationship with ten federally recognized Indian tribes, 
and routinely consults with these tribes on policy development, plans, and projects, programs, or activities 
proposed on the Forest that have a potential to affect tribal interests or natural or cultural resources of 
importance to the tribes. Lands managed by the Gila National Forest have been used, and continue to be 
used by many tribes, for a variety of traditional cultural and religious activities. Places and properties 
valued and used by the tribes for a variety of purposes have been identified on every District of the Gila 
National Forest. To date, approximately 30 locations of cultural and religious significance have been 
identified Forest-wide.  

It is hard to characterize the trends associated with tribal use of the Gila National Forest.  Some changes 
tend to reduce access and use: (1) changes in adjacent land ownership and development of private lands 
affecting access, (2) degradation of forest health and watershed conditions affecting plant collections, (3) 
changing technologies and development interfering with traditional ceremonies, and (4) recreation use 
contributing to conflicts with traditional practitioners.  However, within these challenges there is also room 
for optimism.  Despite being located a distance from tribal populations, programs are being established 
(by tribes with Forest participation) which bring youth onto the forest to reconnect with traditional lands.  
Landscape restoration provides an opportunity for tribes and the Forest Service to work together towards 
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common goals.  The Forest strives to build and strengthen relationships with tribes and hear and 
incorporate tribal input into a broad range of activities. 

Tribal uses occur on every District of the Gila National Forest and are at risk from change in land ownership, 
access to land and resources, degradation of forest health and watershed conditions, changing technology, 
energy development, population growth, expanding recreation use, development of private land, and 
management activities on sacred places.  Maintaining and developing a strong government to government 
relationships with Tribes is important to the Gila National Forest; these relationships inform management 
of the Forest.  Facilitating meaningful access to the Forest for tribal members enhances connections. 

 



 

 
Gila National Forest Assessment Report – Final  725 

Chapter 19. Social, Economic and Cultural 
Sustainability Risk 
The Gila NF has identified several risks to ecological integrity and sustainability for terrestrial, riparian and 
aquatic ecosystems (see Section I: Ecological Integrity and Sustainability). These risks may impact the 
Forest’s ability to contribute to some of the social, cultural and economic benefits desired and enjoyed by 
people in local communities, surrounding areas and visitors to the area. These risks are a direct result of 
ecological condition and impact available water, forage for livestock grazing, timber, and hunting and 
wildlife viewing. Addressing these risks will require balancing ecological sustainability and the 
management of ecosystems for public benefit. Additional areas at risk for non-ecological reasons are: 
recreation programs and use, infrastructure, and economic and social conditions.  These risks and their 
causes are discussed below, followed by a discussion of how future management approaches and plan 
direction could make use of opportunities that might mitigate risk. 

Water 
The ability of the Gila NF to continue to supply the quantity of surface and groundwater to meet existing 
needs of local counties and communities is at high risk of being unsustainable. Although drought is a 
common occurrence, climate change is expected to increase the frequency and severity of drought and 
alter the timing, duration and magnitude of streamflow. Many areas at high elevation that are important 
to streamflow and groundwater recharge have experienced large extents of high and moderate severity 
fire resulting in loss of forest cover, vegetative groundcover and soil. In these areas, the ability of the 
watershed to capture, store and release water is reduced. Water quality has also been negatively 
impacted.  

The Gila NF contributes the majority of water to the Upper Gila, Upper Gila-Mangas, and Mimbres 
subbasins and is a significant contributor to the San Francisco subbasin. The Forest contributes a smaller 
portion to seven other subbasins, including Elephant Butte Reservoir and Caballo. A large proportion of 
the population in the assessment area resides within the Mimbres, San Francisco, Elephant Butte and 
Caballo subbasins. To reduce this risk to water availability and quality, the Forest can improve watershed 
health and function to maintain or recover water retention and infiltration. Vegetation and soil 
management that focuses on the restoration and maintenance of terrestrial and riparian ecological 
integrity is required to reduce this risk.  

Forage for Livestock Grazing  
The ability for the Gila NF to provide adequate forage to contribute to opportunities for livestock grazing 
in southwestern New Mexico is at risk of being unsustainable. The encroachment of conifer tree species 
has reduced the size of grassland openings and the quantity of available grasses that are necessary to 
provide sustainable forage on the Forest. Recent drought has contributed to the decrease in quality and 
quantity of available forage in some areas on the Forest. Climate change in general creates risk of invasive 
species establishment. 

Recent drought and voluntary livestock reductions due to market conditions have resulted in the 
fluctuation of authorized (actual) livestock numbers in the last several years, while permitted numbers 
have remained constant. The Forest has utilized adaptive management to work with permittees to adjust 
authorized livestock numbers to maintain and protect forage, which has been stressed from recent 
drought conditions. Vegetation management that focuses on the restoration and maintenance of 
ecological integrity is required to address this risk. 



Chapter 19. Social, Economic and Cultural Sustainability Integrated Risk 

 
Gila National Forest Assessment Report – Final  726  

Hunting and Wildlife Viewing  
The ability for the Gila NF to sustain habitat for many terrestrial and aquatic species are at risk of being 
unsustainable. Wildlife and fish habitat faces threats from uncharacteristic wildfire, woody species 
encroachment, drought, climate change, and invasive species. Habitats may become fragmented causing 
terrestrial and aquatic populations to become isolated which may result in increasing competition and 
decreasing population numbers. Aquatic species may be impacted by decreasing stream flows and 
associated increase temperatures.  Habitat and population changes may decrease hunting and wildlife 
viewing opportunities for certain species, while possibly increasing opportunities for other species.  
Management that focuses on the restoration and maintenance of ecological integrity of terrestrial, aquatic 
and riparian ecosystems is required to address this risk. 

Timber 
Current stands contain more small trees, and fewer large trees than existed in the past, increasing the 
amount of ladder fuels. Relatively drier climatic conditions and slow decomposition rates, combined with 
the interruption of historical fire return intervals, have resulted in large accumulations of burnable 
materials.  Current tree growth rates are commonly slow, and stand vigor is declining as competition for 
water, nutrients, and growing space has increased as a result of higher tree density. The low level of tree 
and stand vigor makes trees more susceptible to insect attack and disease mortality, combined with 
increased density of vegetation and continuity of fuels coalesces in an increased risk of severe effects from 
wildfire.  Timber management activities on the Gila National Forest are trending toward targeting 
improvements to forest structure and function. Addressing mid- and overstory conditions is critical to 
these restorative efforts, as this affects overstory species composition, stand structure, potential crown 
fire starts and spread, stand density, and influences on understory conditions.  

This approach includes selective cutting methods paired with prescribed burning, intended to develop and 
maintain uneven-aged forest conditions that are considered more resilient to natural disturbance, and 
thus more sustainable long-term.  However, their extent covers only a small fraction of the landscape. 
Treatments are limited in part by workforce capacity and current forest plan standards that are very 
prescriptive, restraining management options across broad extents. The magnitude of prescribed burning 
accomplishments is affected by weather and other environmental factors that can be highly variable year 
to year, and is limited by air quality regulations, and to a lesser degree, workforce capacity and concerns 
over public safety and values at risk (i.e. water quality, wildlife habitat, soil productivity).  Long-term 
benefits to ecosystem resilience, disturbance regime, nutrient cycling, biodiversity and food webs, old-
growth condition, overall hydrologic function, wood products, and aesthetics and recreation can outweigh 
short-term negative impacts. Across the nation and in the Southwest, there is broad public support for 
actively managing forests to be more resilient to threats. In response, the Gila National Forest is generally 
shifting planning and implementation efforts to encompass larger landscapes. This work will be completed 
within the agency as well as with the assistance of partners that would include Federal, State, and local 
government agencies, conservation groups, businesses, and any other interested stakeholders. The Gila 
NF’s primary contribution of timber and forest products is to local communities around the Forest for logs, 
firewood, and other forest products. An increased emphasis on land restoration projects should allow for 
the continued ability to contribute to this demand.  

Recreation Programs and Use 
The ability for the Gila NF to remain relevant and responsive to changing recreation user trends, adapting 
to fluctuations in budget, and ability to adequately maintain existing recreation infrastructure are at risk 
of being unsustainable. Many of the Forest recreation programs and opportunities are not aligned with 
current visitation trends and demands. The Forest has many developed recreation facilities that have been 
heavily impacted by fires and floods; are in declining condition due to an increased backlog of deferred 
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maintenance; and/or not properly designed to provide the desired services. The Forest cannot adequately 
maintain all of its facilities to standard. Many of developed recreation sites are currently being managed 
to accommodate many different uses within the same site, which can result in a site not properly 
functioning to meet the need of any of the desired uses.  In addition, many developed sites are located 
within floodplains which poses safety hazards and limits the opportunity to redesign the site to better 
meet the needs of the public 

The Gila NF has a total of 1,927 miles of system trails.  The perception of trails across the Forest is that 
there are more miles of trail than can be maintained by the Forest.  This combined with the Forest trail 
system being heavily impacted by many recent large, high severity fires has resulted in the decline of trail 
conditions.  Several popular trails receive regular maintenance which provides users a quality trail 
experience, but the majority of system trails are less traveled and tend to be in need of significant 
maintenance.  The large percentage of trails needing significant maintenance combined with having more 
miles of trails than that can be maintained is causing a trend of losing many miles of trail over time.  
Another trend is increased conflicts on trails occurring between hikers, equestrian users, and mountain 
bikers near urban trail systems in certain parts of the Forest.   

The ability of the Gila NF to provide meaningful recreation opportunities and experiences is an important 
social and economic contribution to local communities and businesses.  The Gila NF has developed a 
Sustainable Recreation Strategy Action Plan to move towards a more flexible and efficient organization 
that can better align opportunities that meet the needs of current users, are economically feasible, and 
can be adapted to future changing recreation trends.  A sustainable recreation program may require 
closing underutilized recreation sites, the planning and development of new sites, and/or upgrading 
existing sites to meet user needs and desires.  The current trail system needs to be assessed to create a 
more manageable trail system that better meets the needs of trail users while reducing the potential for 
user conflicts. 

Infrastructure 
The ability of the Gila NF to maintain its current infrastructure is at risk of being unsustainable.  Over the 
last 20 years, the Gila NF has invested millions in mission critical and non-critical facilities.  Money has 
been spent to upgrade facilities to be more energy efficient, abate hazardous materials and other health 
hazards as well as decommission and demolish facilities no longer needed for service.  The Forest’s trail 
system is in fair to poor condition, and its roads and bridges are currently safe for visitor travel.  Much of 
the infrastructure on the forest is old and in continual need of routine maintenance.  The backlog of 
required large maintenance repairs has perpetually increased, and is currently valued at several million 
dollars. Funding levels have decreased in recent years, while the cost to perform maintenance has 
increased.  The inability to adequately maintain existing infrastructure could result in negative impacts on 
the management of the Forest resources.  The expectation is that future funding will not increase, resulting 
in a decline in the condition infrastructure across the Forest.  This will force decisions on the possibility of 
consolidating, decommissioning, limiting future development, and / or relocating infrastructure to create 
a sustainable program.   

The Gila NF’s transportation system is integral to supporting the many uses and opportunities enjoyed by 
the public.  Local businesses and communities benefit from visitors who want to use the Forest because 
they can safely access and experience the Forest on NFS roads and trails.  Gaining access to the Forest 
through roads and trails are important for local residents to continue their traditional uses, which are 
integral in maintaining the social and cultural fabric of many Forest communities.  Recreation 
infrastructure (i.e., trails, roads, campgrounds, and toilet facilities) allow for recreation opportunities, 
which support communities directly (e.g., outfitter guide jobs) and indirectly (e.g., increased tourism in 
community lodges, shops, and restaurants).  Infrastructure contributes to ecological sustainability when it 
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is properly designed, integrated within the landscape, and well maintained.  The wildlife guzzlers provide 
fresh drinking water in times of low rainfall and when natural water sources are scarce. 

Negative economic and social contributions could include having to close sites, because funds are 
inadequate to provide appropriate maintenance to keep sites safe for human use.  Closures would reduce 
or limit opportunities to access and gain enjoyment of recreational resources and experiences. Negative 
ecological sustainability would result from a key dam failure, major road or trail erosion, or issues with 
septic systems.  Furthermore, climate change is projected to increase the need for maintenance and 
exacerbate the deterioration of infrastructure not designed to withstand new weather patterns and flood 
regimes. 

Economic and Social Conditions 
The ability of the Gila NF to continue contributing the social and economic benefits (e.g., recreation 
programs and use, infrastructure, ranching and grazing, and recreational hunting) desired by local 
communities, families, and the visiting public is at risk. These Forest uses contribute to the many benefits 
for communities and families (i.e., local traditional uses, social and family traditional values) and the 
economic opportunity within the assessment area. The ability to recreate on the Forest provides intrinsic 
values, such as a connection to nature, family togetherness, and improved physical and mental health. 
Infrastructure provides the ability to access and use the Forest. Without safe, available infrastructure 
Forest users would be limited in their ability to maximize the many benefits the Forest contributes. For 
some forest users grazing and ranching are their primary source of income, or an important supplement 
to their income. Grazing and ranching provide strong cultural and family connections for many 
communities and families around the Forest. Hunting contributes to the economic opportunity for local 
sportsman, businesses, and outfitters. The State of New Mexico and local communities receive important 
revenue from sales of licenses, taxes, and other economic activity resulting from wildlife associated 
recreation including hunting, fishing, and trapping. Hunting provides a strong social and cultural 
connection for families, to each other and to the land. 

The Gila NF is a Forest surrounded by many small towns, communities, and people who rely upon the 
Forest to provide resources and uses important to their social and cultural traditions and way of life, and 
as a means of contributing economic opportunity. Forest management that focuses on contributing to 
these needs, while maintaining the ecological integrity of the Forest, is required to address this risk. 

The Gila NF is an integral part of the local cultures and communities it serves. Relationships with local 
communities and groups are vital in Forest management and in providing services to local and visiting 
Forest users. Poor or ineffective communication with the public and the inability to establish partnerships 
for completing work on the Forest were two issues identified by the public, when the Forest Service held 
community meetings in 2015. Given the future potential for declining budgets and workforce, the Gila NF 
will need to engage other public and private entities to effectively manage the Forest resources to continue 
to provide for the needs and desires of the public. The Forest is engaging with private and public entities 
to acquire funding for watershed restoration work and working with partners on forest restoration projects 
through the Collaborative Forest Restoration Program. The Forest will need to be creative in accomplishing 
other work related to recreation, minor maintenance, and education programs. The challenge for the 
Forest will be in developing the capacity and expertise to identify, plan, and manage new partners and 
volunteers. For the new Gila forest plan to be successful, the public and the Forest Service will need to 
share ownership and implementation of the new forest plan.
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Appendix A.  Local Unit Development Process 
5th Codes clipped to Forest boundary 

Rule set: 

Three regional “rules of thumb” 
 4-8 local units 

 At least 10x historical patch size  

 Try to have representation of each ERUs in as many units as possible  

1. Set min and max local unit size 
 Gila is roughly 3,300,000 acres 

 3,300,000 acres/8=400,000 acres=minimum local unit 

 3,300,000 acres/4=800,000 acres=maximum local unit 

2. Start with smallest watershed  

3. Set 400,000 acre threshold. Lump smallest polygon with adjacent polygon with fewest acres. Continue 
lumping until all polygons cross the 400,000 acre threshold. 

 Results of this process create 6 local units.  

 Any additional lumping would cross the 800,000 maximum acre threshold.  

 Smallest unit is well above the 10x historical patch size. 

Table A1 compares representativeness of this proposal with using administrative boundaries (Districts) 

as an alternative approach. Note: this is based on the draft ERUv5 with grassland corrections and 

excludes riparian/wetland and Madrean ERUs.  

                   Table A1.  Representation of Ecological Response Units  

ERU 

# of Proposed Local 

Units ERU Occurs In 

# of Local Units ERU 

Occurs in if Ranger 

Districts are used 

SFF 4 of 6 (very few acres in 

“Apache” unit) 

3 of 6 

MCW 6 of 6 6 of 6 

MCD 6 of 6 6 of 6 

CP/GBG 5 of 6 4 of 6 

MSG 6 of 6 4 of 6 

SDG 3 of 6 3 of 6 
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ERU 

# of Proposed Local 

Units ERU Occurs In 

# of Local Units ERU 

Occurs in if Ranger 

Districts are used 

PPF 6 of 6 6 of 6 

PPE 6 of 6 6 of 6 

PJG 6 of 6 6 of 6 

PJE 6 of 6 6 of 6 

PJW 6 of 6 6 of 6 

JGW 5 of 6 2 of 6 

GOS 5of 6 4 of 6 

MMS 6 of 6 6 of 6 

 

Wilderness representation in 5 out of 6 units. 
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Appendix B.  Carbon Assessment Methods 
Assignment of Biomass Carbon Values by Seral State – Forests and 
Woodlands 
The Southwestern Region incorporated a process of using the Forest Vegetation Simulator (FVS) in 
conjunction with the Vegetation Dynamic Development Tool (VDDT) to help inform State and Transition 
Models (STM) that were developed in support of forest planning.  One objective of this dual modeling 
system was to test the assumptions made by the STM developer—in some cases, this process lead to 
modification of some STM model parameters.  Another objective of this process was to use existing forest 
inventory data as input into the FVS model to provide an empirical basis to more fully understand 
important vegetation pathways that may not have been adequately represented through expert opinion 
or pertinent research literature—and perhaps, therein expand the STM framework.  Conversely, a 
development pathway conceived to be important in the STM may be shown through the FVS process to 
be not as prevalent as originally thought—and therefore, lead to eliminating a particular pathway in a 
revised STM.  Finally, we know of no better way than an FVS analysis to estimate outputs for the many 
complex transitions that are likely to be modeled in an STM—FVS, especially when used with the Event 
Monitor, can be used to develop outputs such as standing and harvest volumes, fuel conditions, stand 
structural attributes, and biomass and carbon stocks that can be linked to vegetation states in VDDT 
models. 

Inventory Data 

The modeling process began by dividing the southwestern United States into terrestrial ecosystems that 
range from dry grasslands-shrublands, to semi-arid woodlands, to moist forestlands.  Each ecosystem is 
representative of an Ecological Response Units (ERU) (aka Potential Natural Vegetation Type (PNVT)) 
(Schussman and Smith, E. 2006).  Each ERU, which is depicted within separate VDDT models, was then 
further broken into vegetation states.  A vegetation state is a composite of cover type (prevailing species 
composition) and stand structure (dominant tree size, canopy cover density, and vertical canopy layering). 

During this initial phase, Forest Inventory and Analysis (FIA) plots were filtered by habitat type (USDA 
Forest Service 1997) to represent each ERU61.  Table B1 provides a listing of the habitat types associated 
with the ponderosa pine/bunchgrass (PPG) ERU.  Table B2 shows FIA plot distribution by ERU and 
representation by National Forest.  For reference, the PPG ERU is highlighted. Table B3 lists the criteria 
used to develop the vegetation states for the PPG ecosystem and its associated VDDT model.  Table B4 
displays the FIA plot samples that were tallied for each vegetation state within the PPG ERU. 

  

                                                      
61 The terms “habitat type” and “plant association” are synonymous in the southwestern region.  An ERU is comprised of several 
habitat types. 



Appendix B.  Carbon Assessment Methods 

 
Gila National Forest Assessment Report – Final  797  

Table B1.  Habitat type codes associated to the ponderosa pine/bunchgrass ERU. 
Habitat Type Code Common Name 

011092 ponderosa pine/Arizona fescue/blue gramma 

011093 ponderosa pine/Arizona fescue/Gambel oak 

011330 ponderosa pine/mountain muhly 

011340 ponderosa pine/screwleaf muhly 

011341 ponderosa pine/screwleaf muhly/Gambel oak 

011350 ponderosa pine/Indian ricegrass 

011380 ponderosa pine/black sagebrush 

011390 ponderosa pine/screwleaf muhly-Arizona fescue 

011391 ponderosa pine/screwleaf muhly-Arizona fescue/blue gramma 

011392 ponderosa pine/screwleaf muhly-Arizona fescue/Gambel Oak 

011400 ponderosa pine/kinnikinnik 

011470 ponderosa pine/Arizona walnut 

 



Appendix B.  Carbon Assessment Methods 

 
Gila National Forest Assessment Report – Final  798  

Table B2.  Forest Inventory and Analysis (FIA) Plot Distribution by ERU.  

Forest Type ERU - VDDT Model FIA Plots S  FIA Plots
Spruce-Fir_pure Spruce-Fir Forest 21 93
Spruce-Fir_mix 72

Mixed_Conifer-Wet Mixed Conifer Wet (infrequent fire) 123 123

Mixed_Conifer-Dry Mixed Conifer Dry (frequent fire) 372 372

Ponderosa-Grass Ponderosa Pine Forest 482 788
Ponderosa-gmbOak 306

Ponderosa-evgOak    Ponderosa Pine-Mild/Evergreen Oak 137 137

Wdlnd_PJGrass      PJ Woodland 713 1803
Wdlnd_PJOak      163

Wdlnd_PJChap      PJ Evergreen Shrubland 303

Wdlnd_PJSage      PJ Sagebrush 48

Wdlnd_JUGrass     JU Grassland 268

Wdlnd_Oak         WDL Evergreen Oak 308

Wdlnd_None        53 970
Riparian          5

Non-Forest        912

Total: 4286 4286

Forest:  Code State Name Periodic Annual Total Periodic Annual
01 AZ Apache-Sitgreaves 326 172 498 1996-1997 2001-2005

02 NM Carson            235 0 235 1998-1999

03 NM Cibola            268 0 268 1997

04 AZ Coconino          301 167 468 1995-1996 2001-2005

05 AZ & NM Coronado          282 157 439 1996-1998 2001-2005

06 NM Gila              526 0 526 1993-1996

07 AZ Kaibab            247 146 393 1995-1997 2001-2005

08 NM Lincoln           187 0 187 1997

09 AZ Prescott          193 107 300 1995-1996 2001-2005

10 NM Santa Fe          255 0 255 1998-1999

12 AZ Tonto             464 253 717 1996-1998 2001-2005

Total: 3284 1002 4286

Plot Count Dates
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Table B3.  Stratification of ponderosa pine/bunchgrass ERU vegetation states A through N, 
according to key attributes of dominant tree size, canopy cover, and canopy layering.  

Tree Diameter 
 

  

GFB 0-5" 5-10" 10-20" 20"+ Canopy 
Cover1 

Canopy 
Layering 

A or N2 B C D E Open Single 
 

F G H I Closed Single 
   

J3 K3 Open Multi 
   

L M Closed Multi 

1 – Except for States A and N, “Open” states have 10 to 30% canopy cover and “Closed” states have greater than 30% canopy 

cover. States A and N have less than 10% canopy cover. 

2 – States A and N are grass, forbs, brush, and shrub states (GFB). State A is the characteristic state which existed in reference 

conditions. State N is the uncharacteristic state resulting when stand-replacing fires occur in closed canopy states. (Smith 2006) 

3 – The desired condition is an open multi-layered (> 5 age classes) state with average diameter varying by site productivity with 

State J occurring on low productive sites and State K occurring on high productivity sites. (Triepke et al. 2011) 

 

Table B4.  FIA sample plot counts and percentages for the PPG ecosystem. 
Model PPG 

State Class n % 
A 32 6.6% 

B 7 1.5% 

C 24 5.0% 

D 61 12.7% 

E 18 3.7% 

F 23 4.8% 

G 84 17.4% 

H 52 10.8% 

I 6 1.2% 

J 44 9.1% 

K 21 4.4% 

L 92 19.1% 

M 18 3.7% 

Total 482 100.0% 
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FVS Adjustments 
Before projecting the FIA inventory plots with FVS, it was important to adjust default parameters for 
growth, mortality, and regeneration for each ERU.  The purpose of performing these adjustment steps is 
so that the projections more closely mimic the empirical (i.e. endemic) conditions determined from the 
actual field measurements.  One example of a situation where calibration is essential is for projecting old-
forest stands.  The sample base upon which the empirical growth and mortality equations in FVS are built 
are intrinsically not well suited to modeling old-growth forests over long time horizons, and yet typically 
VDDT simulations are performed for 200 to 300-year intervals.  Thus, thoughtful calibration can greatly 
improve the realism of simulations when projecting stands over long time periods by attenuating height 
and diameter growth and mortality during stand senescence. 

Adjustment procedures include using the FVS self-calibrating feature (for example, altering the baseline 
estimate of the large-tree diameter growth models), accounting for tree defect for volume estimates 
(adjusting net merchantable volume from gross tree dimensions), determining tree species size 
attainment, limiting stand maximum density, and estimating and inputting natural regeneration response 
(querying existing stands to tabulate their seedling component).  Vandendriesche 2009a addresses this 
topic in more detail. 

Natural Growth Projections 
In VDDT, the successional classes, pathways, and transition probabilities are defined for each Ecological 
Restoration Unit.  A single ERU may have more than one set of probabilities defined to represent different 
management regimes or ecological conditions.  In general, two types of transitions can occur.  One type is 
movement between states due to natural succession.  This process integrates background disturbances 
that affect regeneration, growth, and self-thinning, but not extrinsic disturbances such as insect or disease 
outbreaks, wildfire, or silvicultural treatment.  Transitions representing natural successional dynamics (or 
‘natural growth’) are modeled deterministically in VDDT.  What this means is that transitions from one 
class to the next class occur when the residence time (a surrogate for successional ‘age’) has exceeded the 
value set for the state.  For transitions in VDDT related to disturbances, movement between states is 
determined stochastically according to probabilities conveyed by modeling or set by the user. 

Once the FVS adjustment procedure has been completed, FVS commands (keywords) were used to adjust 
growth, mortality, and regeneration responses as outlined in the above section.  To model natural 
succession in FVS, residence time in a state was tracked —the average length of time that vegetation 
typically remains in that state before transitioning to the next state along the successional pathway.  This 
was accomplished by projecting all the plots in the specific ERU without invoking any disturbances such as 
pest effects or catastrophic wildfires in FVS.  Then 250-year projections are performed for every plot, 
outputting tree lists and stand summaries each cycle for completing the next two steps in the process. 
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Classify the Tree Lists, Calculate Residence Times 
In order to accomplish the integration of FVS within the VDDT-STM approach, a computer program was 
developed to classify inventory data into vegetation states (i.e. cover type, size class, canopy cover, canopy 
layers) for initial conditions and for subsequent projection cycles.  The Preside program (Vandendriesche 
2009b) summarizes various vegetation classes into classes and provides average time in a particular 
vegetation state and the probability of movement to associated states. 

Preside classifies the current tree list for each plot at each projection cycle boundary.  Estimates of the 
residence times and resultant pathways are summarized by use of an array of all possible transitions from 
one state to another, and indexed by vegetation state to which a plot belongs.  For each plot at each cycle, 
its source (that is what state it began the cycle in) and destination (that is what state it ended the cycle in) 
are recorded.  The length of time each plot remains within a state class between cycles is accumulated 
and the mean and variance of residence times is summarized over all the cycles and transitions in the 
projection.  The pathways (direction of movement between source and destination) between vegetation 
states are also summarized using the array. 

Accumulate and Summarize Outputs 

At the end of an FVS projection, a set of FVS post-processing steps have been bundled together that 
produce aggregate summaries for each of the vegetation classes, using the sample of plots populating 
each vegetation state during the projection.  It is then relatively easy to display graphics for communicating 
the STM results.  For example, images from the Stand Visualization System (SVS) can be displayed for each 
vegetation state that is an aggregate of the plots in that state (Figure B1).  The post-processing programs 
also index the aggregate state classes to summary values derived from the tree lists, attributes from 
standard FVS output reports, and variables computed from the Event Monitor.  This feature is useful for 
tracking important values such as stand volume and biomass across states (example, Figure B2). 
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Figure B1.  Aggregate Stand Visualization System (SVS) Graphic Depictions of Vegetation States within the PPG ecosystem. 
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Figure B2.  Aggregate Summarizes of FVS Event Monitor Computed Variables for PPG ERU
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Appendix C.  Air NAAQS NMAAQs 
 Table C1.  National and New Mexico ambient air quality standards 

Pollutant Averaging Time 
New Mexico 
Standards 

National 
Standardsa 
Primaryb,c 

National 
Standardsa 

Secondaryb,d 
Ozone 8-hour — 0.070 ppm Same as primary 
Carbon monoxide 8-hour 8.7 ppm 9 ppm — 
 1-hour 13.1 ppm 35 ppm — 
Nitrogen dioxide Annual 0.05 ppm 53 ppb Same as primary 
 24-hour 0.10 ppm — — 
 1-hour  100 ppb — 
Sulfur dioxide Annual 0.02 ppm — — 
 24-hour 0.10 ppm — — 
 3-hour — — 0.5 ppm 
 1-hour  75 ppb — 
Hydrogen sulfide 1-hour 0.010 ppm — — 
Total Reduced Sulfur ½-hour 0.003 ppm — — 
PM10 24-hour Same as 

Federal 
150 µg/m3 Same as primary 

PM2.5 Annual 
(arithmetic mean) 

Same as 
Federal 

12 µg/m3 15 µg/m3 

 24-hour Same as 
Federal 

35 µg/m3 Same as primary 

Total Suspended 
Particulates (TSP) 

Annual 
(geometric mean) 

60 µg/m3 — — 

 30-day Average 90 µg/m3 — — 
 7-day 110 µg/m3 — — 
 24-hour 150 µg/m3 — — 
Lead Rolling 3 month 

average 
— 0.15 µg/m3 Same as primary 

Notes: 
(a) Standards other than the 1-hour ozone, 24-hour PM10, and those based on annual averages are not to be exceeded more than 
once a year. 
(b) To attain the 8 hour ozone standard the 3 year average of the fourth-highest daily maximum 8-hour average ozone 
concentrations measured at each monitor within an area over each year must not exceed 0.070 ppm. 
(c) Concentrations are expressed in units in which they were promulgated. µg/m3 = micrograms per cubic meter and ppm = parts 
per million. Units shown as µg/m3 are based upon a reference temperature of 25oC and a reference pressure of 760 mm of 
mercury. 
(d) Primary Standards: The levels of air quality necessary, with an adequate margin of safety to protect the public health. 
(e) Secondary Standards: The levels of air quality necessary to protect the public welfare from any known or anticipated adverse 
effects of a pollutant. 
Averaging Time: the amount of time that the associated data is averaged to assess compliance with the standard. 
µg/m3 = micrograms per cubic meter; ppm = parts per million; ppb = parts per billion 
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Appendix D.  Water   
Table D1.  Plan area subbasin, watershed and subwatershed extent and Gila NF percent 

Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

13020208  Plains of San Agustin 1,275,453 135,981 11 
1302020804  Nester Draw 169,190 5,328 3 

130202080401  Bear Canyon 11,723 4,485 38 
130202080404  Headwaters Nester Draw 28,451 843 3 

1302020806 Y Canyon 97,476 52,140 53 
130202080601  La Jolla Canyon 36,942 36,581 99 
130202080603 Y Canyon 37,145 15,558 42 

1302020807  Patterson Lake 207,398 78,514 38 
130202080701  Alamocito Creek 23,076 8,590 37 
130202080703  West Pasture Springs 24,184 340 1 
130202080704  Patterson Canyon 28,535 18,842 66 
130202080705  Dark Canyon 15,833 6,701 42 
130202080706  Patterson Lake 27,991 11,194 40 
130202080707  Long Canyon 22,698 21,762 96 
130202080708  T H Canyon 36,866 11,085 30 

13020211  Elephant Butte Reservoir 1,403,516 40,451 3 
1302021106  Headwaters Alamosa Creek 257,399 40,451 16 

130202110603  Little Pigeon Canyon-Alamosa Creek 22,562 4,846 21 
130202110606  Wahoo Canyon-Alamosa Creek 32,951 17,010 52 
130202110607  Sim Yaten Canyon-Alamosa Creek 24,360 3,800 16 
130202110608  Wildhorse Canyon 39,987 14,795 37 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

13030101  Caballo 795,153 211,635 27 
1303010101  Cuchillo Negro Creek 236,142 76,046 32 

130301010101  Turkey Creek 21,754 18,396 85 
130301010102  Poverty Creek 35,362 16,904 48 
130301010103  Chloride Creek 24,175 18,462 76 
130301010104  South Fork Cuchillo Negro Creek 20,241 14,426 71 
130301010105  Monument Creek 12,175 3,662 30 
130301010106  Monument Creek-Cuchillo Negro Creek 20,852 4,196 20 

1303010102  Palomas Creek-Rio Grande 234,606 57,833 25 
130301010204  Mud Spring Canyon 11,488 11,483 100 
130301010205  Circle Seven Creek 11,783 11,362 96 
130301010206  North Fork Palomas Creek 27,832 15,537 56 
130301010207  South Fork Palomas Creek 34,090 19,451 57 

1303010103  Percha Creek 77,379 24,763 32 
130301010301  South Percha Creek 24,291 12,774 53 
130301010302  North Percha Creek 22,194 11,990 54 

1303010104  Caballo Reservoir 247,026 52,993 21 
130301010401  North Seco Canyon 18,465 14,044 76 
130301010403  Seco Creek 37,113 3,691 10 
130301010404  Holden Prong 15,707 15,707 100 
130301010405  Cave Creek 16,702 3,653 22 
130301010406  Headwaters Los Animas Creek 24,329 15,899 65 

13030102  El Paso-Las Cruces 3,542,482 37,572 1 
1303010202  Cuervo Arroyo_Rio Grande 226,938 37,572 17 

130301020201  Trujillo Canyon Creek 32,304 10,652 33 
130301020203  Headwaters Tierra Blanca Creek 11,273 11,094 98 
130301020204  Outlet Tierra Blanca Creek 29,771 4,411 15 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

130301020207  Jaralosa Creek 18,417 2,367 13 
130301020208  Headwaters Berenda Creek 24,633 9,049 37 

13030202  Mimbres 4,283,488 210,291 5 
1303020201  Gallinas Canyon-Mimbres River 205,881 151,448 74 

130302020101  Powderhorn Canyon-Mimbres River 34,772 34,303 99 
130302020102  Allie Canyon-Mimbres River 39,146 37,836 97 
130302020103  Sheppard Canyon-Mimbres River 35,286 28,449 81 
130302020104  Noonday Canyon 16,312 12,800 78 
130302020105  Noonday Canyon-Mimbres River 28,962 12,826 44 
130302020106  Gallinas Canyon 34,694 25,234 73 

1303020202  Headwaters San Vicente Draw 144,197 26,072 18 
130302020201  Rio de Arenas 16,527 956 6 
130302020203  Pipeline Draw-San Vicente Draw 35,273 5,747 16 
130302020204  Cameron Creek 35,879 19,254 54 
130302020205  Cameron Creek-San Vicente Draw 31,507 114 <1 

1303020203  Outlet San Vicente Draw 160,634 1,684 1 
130302020302  Headwaters Whitewater Creek 29,873 852 3 
130302020305  Antelope Draw-San Vicente Draw 35,466 832 2 

1303020204  Lampbright Draw 92,105 2,351 3 
130302020401  Headwaters Lampbright Draw 26,633 2,351 9 

1303020205  Lampbright Draw-Mimbres River 124,477 20,713 17 
130302020501  Gavilan Arroyo 20,663 8,270 40 
130302020502  Gavilan Arroyo-Mimbres River 31,746 12,442 39 

1303020208  Macho Creek 213,735 3,641 2 
130302020801  Upper Macho Creek 37,240 3,641 10 

1303020213  Upper Seventysix Draw 114,409 1,313 1 
130302021301  Whiterock Canyon 29,085 1,313 5 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

1303020214  Cow Spring Draw-Seventysix Draw 184,549 3,070 2 
130302021402  130302021402 Headwaters Cow Spring Draw 22,468 3,070 14 

15020001  Little Colorado Headwaters 515,246 13,510 3 
1502000103  Coyote Creek 147,501 13,510 9 

150200010301  Hay Vega 7,091 2,775 39 
150200010302  Canovas Creek-Coyote Creek 32,466 10,735 33 

15020003  Carrizo Wash 1,446,531 197,142 14 
1502000301  Rito Creek 279,878 37,218 13 

150200030101  Upper Mangas Creek 36,487 21,099 58 
150200030102  Middle Mangas Creek 33,664 5,757 17 
150200030103  Lower Mangas Creek 28,248 2,014 7 
150200030109  Escondido Creek 17,756 8,348 47 

1502000302  Upper Largo Creek 98,300 75,156 76 
150200030201  El Caso Spring Canyon 24,252 24,173 100 
150200030202  Sawmill Canyon-Largo Creek 26,750 24,350 91 
150200030203  Paradise Canyon-Largo Creek 20,420 17,327 85 
150200030204  Rito Creek-Largo Creek 26,879 9,306 35 

1502000305  Agua Fria Creek 218,968 76,850 35 
150200030501  Harris Creek-Agua Fria Creek 30,978 27,842 90 
150200030502  Demetrio Creek 16,670 9,827 59 
150200030503  Demetrio Creek-Agua Fria Creek 19,684 7,222 37 
150200030504  Gatlin Lake 25,404 18,441 73 
150200030505  Mangitas Creek 23,062 9,453 41 
150200030506  Cerro La Mula 38,056 3,751 10 
150200030507  Cerro La Mula-Agua Fria Creek 17,282 314 2 

1502000307  LA Draw-Cienega Amarilla 160,256 7,918 5 
150200030703  Cow Springs Draw 31,273 7,918 25 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

15040001  Upper Gila 1,269,561 1,069,298 84 
1504000101  Railroad Canyon 89,105 14,046 16 

150400010101  Upper Railroad Canyon 35,504 1,567 4 
150400010102  Middle Railroad Canyon 26,162 10,621 41 
150400010103  Lower Railroad Canyon 27,439 1,858 7 

1504000102  Corduroy Draw 111,118 68,279 61 
150400010201  Upper Corduroy Draw 30,828 6,861 22 
150400010202  South Water Canyon 24,643 19,489 79 
150400010203  Middle Corduroy Draw 24,390 11,932 49 
150400010204  Lower Corduroy Draw 31,256 29,997 96 

1504000103  Beaver Creek 147,638 79,799 54 
150400010301  Horse Camp Canyon 15,100 10,978 73 
150400010302  Coyote Canyon 32,704 193 1 
150400010303  O Bar O Canyon 39,489 18,176 46 
150400010304  Houghton Canyon 22,043 20,296 92 
150400010305  Houghton Canyon-Beaver Creek 38,302 30,156 79 

1504000104  Headwaters East Fork Gila River 193,943 192,473 99 
150400010401  Hoyt Creek 27,022 26,806 99 
150400010402  Taylor Creek 37,997 37,531 99 
150400010403  Taylor Creek-Beaver Creek 26,657 26,380 99 
150400010404  Headwaters Diamond Creek 20,910 20,906 100 
150400010405  South Diamond Creek 25,605 25,600 100 
150400010406  Outlet Diamond Creek 24,885 24,829 100 
150400010407  Diamond Creek-East Fork Gila River 30,867 30,424 99 

1504000105  Middle Fork Gila River 218,844 218,128 100 
150400010501  T Bar Canyon 26,574 26,490 100 
150400010502  Gilita Creek 25,238 25,170 100 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

150400010503  Snow Canyon 31,354 31,347 100 
150400010504  Canyon Creek 29,988 29,751 99 
150400010505  Canyon Creek-Middle Fork Gila River 32,448 32,448 100 
150400010506  Indian Creek Canyon 21,872 21,705 99 
150400010507  Indian Creek Canyon-Middle Fork Gila River 21,408 21,408 100 
150400010508  Big Bear Canyon-Middle Fork Gila River 29,963 29,810 99 

1504000106  West Fork Gila River 103,948 102,439 99 
150400010601  White Creek 13,961 13,961 100 
150400010602  Headwaters West Fork Gila River 23,183 23,183 100 
150400010603  Little Creek 26,790 26,761 100 
150400010604  Outlet West Fork Gila River 40,014 38,534 96 

1504000107  Outlet East Fork Gila River 104,412 103,887 99 
150400010701  Tom Moore Canyon 13,535 13,530 100 
150400010702  Headwaters Black Canyon 21,638 21,638 100 
150400010703  Apache Creek 15,167 15,167 100 
150400010704  Outlet Black Canyon 34,982 34,943 100 
150400010705  Black Canyon-East Fork Gila River 19,089 18,608 97 

1504000108  Sapillo Creek 110,693 108,907 98 
150400010801  Rocky Canyon 15,161 15,161 100 
150400010802  Rocky Canyon-Sapillo Creek 29,748 29,283 98 
150400010803  Lake Roberts-Sapillo Creek 23,377 22,793 98 
150400010804  Copperas Creek-Sapillo Creek 16,759 16,021 96 
150400010805  Sheep Corral Canyon-Sapillo Creek 25,649 25,649 100 

1504000109  Sapillo Creek-Gila River 189,860 181,341 96 
150400010901  Sapillo Creek-Gila River 26,533 26,533 100 
150400010902  Hells Canyon-Gila River 25,248 25,248 100 
150400010903  Turkey Creek 32,976 32,936 100 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

150400010904  Upper Mogollon Creek 34,707 34,707 100 
150400010905  Middle Mogollon Creek 25,232 22,115 88 
150400010906  Lower Mogollon Creek 19,603 14,659 75 
150400010907  Mogollon Creek-Gila River 25,562 25,143 98 

15040002  Upper Gila-Mangas 1,311,302 198,660 15 
1504000201  Bear Creek 103,985 65,069 63 

150400020101  Upper Bear Creek 38,368 33,926 88 
150400020102  Middle Bear Creek 28,809 21,224 74 
150400020103  Lower Bear Creek 36,808 9,919 27 

1504000202  Duck Creek 144,993 16,862 12 
150400020201  Headwaters Buckhorn Wash 26,685 5,640 21 
150400020203  Sacaton Creek 25,984 7,899 30 
150400020204  Headwaters Duck Creek 31,673 3,323 10 

1504000203  Mangas Creek 130,597 50,698 39 
150400020301  Willow Creek-Mangas Creek 34,843 14,319 41 
150400020302  McKeafer Canyon-Mangas Creek 28,457 8,772 31 
150400020303  Ash Spring Canyon-Mangas Creek 29,292 16,256 55 
150400020304  Schoolhouse Canyon-Mangas Creek 38,005 11,351 30 

1504000204  Sycamore Creek-Upper Gila River 121,829 3,601 3 
150400020401  Bear Creek-Upper Gila River 31,011 3,601 12 

1504000205  Blue Creek 88,931 3,428 4 
150400020501  Cherry Creek-Blue Creek 36,784 3,428 9 

1504000206  Blue Creek-Upper Gila River 186,504 46,732 25 
150400020601  Bear Canyon-Upper Gila River 26,257 23,169 88 
150400020602  Swan Canyon 25,979 14,673 56 
150400020603  Swan Canyon-Upper Gila River 27,903 8,140 29 
150400020607  Corral Canyon 29,201 750 3 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

1504000208  Apache Creek-Gila River 237,306 12,270 5 
150400020804  Apache Creek 39,084 12,270 31 

15040003  Animas Valley 1,449,526 59,574 4 
1504000302  Headwaters Burro Cienega 109,203 17,666 16 

150400030201  Hall Draw-Burro Cienega 24,929 13,923 56 
150400030203  Ninetysix Creek 31,683 3,743 12 

1504000303  Outlet Burro Cienega 179,037 291 <1 
150400030305  Jones Canyon-Burro Cienega 18,522 48 <1 
150400030307  Walker Canyon 28,099 243 1 

1504000304  Lordsburg Draw 221,184 41,617 19 
150400030401  Gold Hill Canyon-Lordsburg Draw 33,208 7,043 21 
150400030402  Hoodoo Canyon-Lordsburg Draw 28,024 3,762 13 
150400030403  Headwaters Thompson Canyon 25,164 20,081 80 
150400030404  Outlet Thompson Canyon 23,426 4,948 21 
150400030405  Thompson Canyon-Lordsburg Draw 29,220 5,783 20 

15040004  San Francisco 1,793,569 1,097,383 61 
1504000401  Headwaters Tularosa River 225,391 211,838 94 

150400040101  Sand Flat Canyon 22,395 20,457 91 
150400040102  Canon Del Buey 17,597 17,556 100 
150400040103  Negro Canyon-Tularosa River 35,750 33,531 94 
150400040104  Whiskey Creek 28,857 26,695 93 
150400040105  Hardcastle Canyon 31,732 30,025 95 
150400040106  Apache Creek 28,803 26,303 91 
150400040107  Apache Creek-Tularosa River 29,286 27,394 94 
150400040108  Cold Springs Canyon-Tularosa River 30,971 29,877 96 

1504000402  Outlet Tularosa River 184,206 180,493 98 
150400040201  Long Canyon-Tularosa River 33,507 32,065 96 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

150400040202  Headwaters North Fork Negrito Creek 20,426 20,235 99 
150400040203  South Fork Negrito Creek 31,698 31,227 99 
150400040204  Outlet North Fork Negrito Creek 24,183 24,054 99 
150400040205  Sign Camp Canyon 26,241 26,222 100 
150400040206  Negrito Creek 25,674 25,415 99 
150400040207  Negrito Creek-Tularosa River 22,477 21,275 95 

1504000403  Centerfire Creek-San Francisco River 267,108 207,266 78 
150400040302  Trout Creek 20,934 12,646 60 
150400040303  Stone Creek-San Francisco River 35,769 21,849 61 
150400040304  Spur Draw 26,179 21,531 82 
150400040305  SA Creek 22,560 21,861 97 
150400040306  Headwaters Centerfire Creek 18,536 17,581 95 
150400040307  Outlet Centerfire Creek 20,591 17,861 87 
150400040308  Big Canyon-San Francisco River 16,418 15,579 95 
150400040309  Starkweather Canyon 25,279 24,339 96 
150400040310  Largo Canyon 21,765 21,006 97 
150400040311  Cienega Canyon-San Francisco River 36,089 33,014 91 

1504000404  Deep Creek-San Francisco River 153,321 149,537 98 
150400040401  Headwaters Saliz Canyon 26,229 26,116 100 
150400040402  Outlet Saliz Canyon 14,052 13,722 98 
150400040403  Saliz Canyon-San Francisco River 36,832 35,358 96 
150400040404  Devils Creek 22,767 22,767 100 
150400040405  Deep Creek 30,521 29,230 96 
150400040406  Devils Creek-San Francisco River 22,920 22,344 97 

1504000405  Upper Blue River 198,049 27,915 14 
150400040502  Dry Blue Creek 25,048 19,114 76 
150400040503  Campbell Blue Creek 34,218 617 2 
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Hydrologic Unit Code 
(HUC) 

Subbasin (HUC8, 4th Code), Watershed 
(HUC10, 5th Code) & Subwatershed (HUC12, 

6th Code) Name 
Total HUC 

Acres 
Gila NF 

HUC Acres 
Gila NF 
HUC % 

150400040504  Centerfire Creek-Blue River 17,311 2,456 14 
150400040506  Steeple Canyon-Blue River 37,760 5,728 15 

1504000406  Pueblo Creek-San Francisco River 226,379 198,993 88 
150400040601  Upper Pueblo Creek 21,554 21,537 100 
150400040602  Lower Pueblo Creek 29,508 27,925 95 
150400040603  Keller Canyon 24,804 13,875 56 
150400040604  Vigil Canyon 25,883 20,241 78 
150400040605  Mineral Creek 32,917 30,175 92 
150400040606  Wendy Flat-San Francisco River 22,813 20,377 89 
150400040607  Whitewater Creek 34,875 33,008 95 
150400040608  South Dugway Creek-San Francisco River 34,025 31,855 94 

1504000407  Lower Blue River 198,105 277 <1 
150400040704  Little Blue Creek 25,067 277 1 

1504000408  Mule Creek-San Francisco River 244,422 121,064 50 
150400040801  Little Dry Creek 33,243 14,821 45 
150400040802  Big Dry Creek 25,070 24,533 98 
150400040803  Pine Cienega Creek 25,986 12,879 50 
150400040804  Upper Mule Creek 20,283 13,499 67 
150400040805  Lower Mule Creek 13,801 6,626 48 
150400040806  Citizen Canyon 14,783 9,164 62 
150400040807  Big Pine Canyon-San Francisco River 30,093 29,909 99 
150400040808  Harden Cienega Creek 21,979 7,770 35 
150400040809  Coal Creek 17,542 1,772 10 
150400040811  Coalson Creek-San Francisco River 19,389 90 <1 
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Table D2.  Extent and distribution of perennial and intermittent stream miles by subbasin, watershed and subwatershed 

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

13020208  Plains of San Agustin 11 0.7 0.5 76 No 
data 10.7 No 

data 
1302020804  Nester Draw 3 0.2 0.0 0 3.8 0.4 10 

130202080401  Bear Canyon 38 0.0 0.0 0 1.4 0.4 26 
130202080404  Headwaters Nester Draw 3 0.0 0.0 0 2.4 0.0 0 

1302020806 Y Canyon 53 0.0 0.0 0 0.0 0.0 0 
130202080601  La Jolla Canyon 99 0.0 0.0 0 0.0 0.0 0 
130202080603 Y Canyon 42 0.0 0.0 0 0.0 0.0 0 

1302020807  Patterson Lake 38 0.5 0.5 100 18.5 10.3 56 
130202080701  Alamocito Creek 37 0.0 0.0 0 12.1 4.9 41 
130202080703  West Pasture Springs 1 0.0 0.0 0 0.0 0.0 0 
130202080704  Patterson Canyon 66 0.5 0.5 100 6.4 5.4 85 
130202080705  Dark Canyon 42 0.0 0.0 0 0.0 0.0 0 
130202080706  Patterson Lake 40 0.0 0.0 0 0.0 0.0 0 
130202080707  Long Canyon 96 0.0 0.0 0 0.0 0.0 0 
130202080708  T H Canyon 30 0.0 0.0 0 0.0 0.0 0 

13020211  Elephant Butte Reservoir 3 74.3 0.0 0 No 
data 17.2 No 

data 
1302021106  Headwaters Alamosa Creek 16 1.4 0.0 0 80.3 17.2 21 

130202110603  
Little Pigeon Canyon-Alamosa 
Creek 21 0.0 0.0 0 8.9 5.5 62 

130202110606  Wahoo Canyon-Alamosa Creek 52 0.0 0.0 0 9.5 6.7 70 
130202110607  Sim Yaten Canyon-Alamosa Creek 16 0.0 0.0 0 0.8 0.0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

130202110608  Wildhorse Canyon 37 0.0 0.0 0 5.8 5.0 86 

13030101  Caballo 27 160.8 73.8 46 No 
data 99.1 No 

data 
1303010101  Cuchillo Negro Creek 32 29.7 18.3 62 86.2 44.6 52 

130301010101  Turkey Creek 85 0.0 0.0 0 29.5 22.1 75 
130301010102  Poverty Creek 48 6.9 5.4 79 12.6 11.4 90 
130301010103  Chloride Creek 76 10.2 8.9 87 15.1 8.7 58 
130301010104  South Fork Cuchillo Negro Creek 71 4.8 4.0 84 3.5 2.3 66 
130301010105  Monument Creek 30 0.0 0.0 0 8.2 0.0 0 

130301010106  
Monument Creek-Cuchillo Negro 
Creek 20 0.0 0.0 0 11.1 0.0 0 

1303010102  Palomas Creek-Rio Grande 25 49.0 19.5 40 41.6 24.4 59 
130301010204  Mud Spring Canyon 100 5.5 5.3 97 0.0 0.0 0 
130301010205  Circle Seven Creek 96 5.0 4.8 97 4.9 4.0 82 
130301010206  North Fork Palomas Creek 56 8.7 6.0 69 14.8 8.5 58 
130301010207  South Fork Palomas Creek 57 6.6 3.4 52 19.2 11.9 62 

1303010103  Percha Creek 32 34.3 9.9 29 16.5 9.1 55 
130301010301  South Percha Creek 53 12.1 1.7 14 6.3 5.4 85 
130301010302  North Percha Creek 54 19.9 8.3 42 4.0 3.7 92 

1303010104  Caballo Reservoir 21 47.8 26.1 55 58.4 21.0 36 
130301010401  North Seco Canyon 76 9.9 9.4 95 20.2 9.0 45 
130301010403  Seco Creek 10 0.0 0.0 0 15.8 0.0 0 
130301010404  Holden Prong 100 9.2 9.2 100 4.8 4.8 100 
130301010405  Cave Creek 22 0.5 0.0 0 6.2 1.6 26 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

130301010406  Headwaters Los Animas Creek 65 11.8 7.4 63 11.4 5.6 49 

13030102  El Paso-Las Cruces 1 116.0 6.6 6 No 
data 6.1 No 

data 
1303010202  Cuervo Arroyo_Rio Grande 17 21.2 6.6 31 52.2 6.1 12 

130301020201  Trujillo Canyon Creek 33 0.0 0.0 0 7.4 1.9 25 
130301020203  Headwaters Tierra Blanca Creek 98 4.4 4.4 100 2.0 2.0 100 
130301020204  Outlet Tierra Blanca Creek 15 0.0 0.0 0 14.8 0.0 0 
130301020207  Jaralosa Creek 13 0.0 0.0 0 10.0 0.0 0 
130301020208  Headwaters Berenda Creek 37 2.2 2.2 100 16.9 2.2 13 

13030202  Mimbres 5 98.6 78.0 79 No 
data 37.2 No 

data 
1303020201  Gallinas Canyon-Mimbres River 74 83.1 74.3 89 73.0 23.2 32 

130302020101  Powderhorn Canyon-Mimbres River 99 15.3 13.9 90 2.0 2.0 100 
130302020102  Allie Canyon-Mimbres River 97 18.1 17.0 94 5.5 5.5 100 
130302020103  Sheppard Canyon-Mimbres River 81 17.8 13.4 76 7.5 0.9 11 
130302020104  Noonday Canyon 78 13.2 12.5 95 8.6 2.9 33 
130302020105  Noonday Canyon-Mimbres River 44 5.0 4.0 80 12.6 2.5 20 
130302020106  Gallinas Canyon 73 13.8 13.5 98 21.3 9.4 44 

1303020202  Headwaters San Vicente Draw 18 4.0 3.6 89 46.5 7.3 16 
130302020201  Rio de Arenas 6 0.4 0.0 0 12.8 0.0 0 
130302020203  Pipeline Draw-San Vicente Draw 16 0.0 0.0 0 22.1 2.6 12 
130302020204  Cameron Creek 54 3.6 3.6 100 11.6 4.7 40 
130302020205  Cameron Creek-San Vicente Draw <1 0.0 0.0 0 0.0 0.0 0 

1303020203  Outlet San Vicente Draw 1 6.9 0.0 0 0.0 0.0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

130302020302  Headwaters Whitewater Creek 3 6.4 0.0 0 0.0 0.0 0 
130302020305  Antelope Draw-San Vicente Draw 2 0.5 0.0 0 0.0 0.0 0 

1303020204  Lampbright Draw 3 0.0 0.0 0 0.0 0.0 0 
130302020401  Headwaters Lampbright Draw 9 0.0 0.0 0 0.0 0.0 0 

1303020205  Lampbright Draw-Mimbres River 17 0.0 0.0 0 50.1 6.2 12 
130302020501  Gavilan Arroyo 40 0.0 0.0 0 7.2 0.7 09 
130302020502  Gavilan Arroyo-Mimbres River 39 0.0 0.0 0 26.0 5.5 21 

1303020208  Macho Creek 2 0.0 0.0 0 0.0 0.0 0 
130302020801  Upper Macho Creek 10 0.0 0.0 0 0.0 0.0 0 

1303020213  Upper Seventysix Draw 1 0.3 0.0 0 0.5 0.5 100 
130302021301  Whiterock Canyon 5 0.3 0.0 0 0.5 0.5 100 

1303020214  Cow Spring Draw-Seventysix Draw 2 0.0 0.0 0 0.0 0.0 0 
130302021402  Headwaters Cow Spring Draw 14 0.0 0.0 0 0.0 0.0 0 

15020001  Little Colorado Headwaters 3 268.5 0.7 0 No 
data 0.3 No 

data 
1502000103  Coyote Creek 9 32.6 0.7 0.02 32.4 0.3 1 

150200010301  Hay Vega 39 3.0 0.7 0.24 0.0 0.0 0 
150200010302  Canovas Creek-Coyote Creek 33 24.1 0.0 0.00 11.6 0.3 2 

15020003  Carrizo Wash 14 43.6 14.0 32 No 
data 8.7 No 

data 
1502000301  Rito Creek 13 6.3 3.7 59 10.5 3.9 37 

150200030101  Upper Mangas Creek 58 4.8 3.3 70 4.8 3.9 81 
150200030102  Middle Mangas Creek 17 1.1 0.0 0 1.4 0.0 0 
150200030103  Lower Mangas Creek 7 0.0 0.0 0 0.0 0.0 0 



Appendix D. Water 

 
Gila National Forest Assessment Report – Final  819  

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150200030109  Escondido Creek 47 0.5 0.4 82 0.0 0.0 0 
1502000302  Upper Largo Creek 76 19.3 6.7 35 8.2 2.8 34 

150200030201  El Caso Spring Canyon 100 0.0 0.0 0 0.6 0.6 100 
150200030202  Sawmill Canyon-Largo Creek 91 9.0 3.5 39 2.5 2.2 89 
150200030203  Paradise Canyon-Largo Creek 85 10.3 3.1 31 0.0 0.0 0 
150200030204  Rito Creek-Largo Creek 35 0.0 0.0 0 5.1 0.0 0 

1502000305  Agua Fria Creek 35 10.6 3.2 .30 2.2 2.0 89 
150200030501  Harris Creek-Agua Fria Creek 90 9.5 2.7 28 0.0 0.0 0 
150200030502  Demetrio Creek 59 0.6 0.0 0 0.0 0.0 0 
150200030503  Demetrio Creek-Agua Fria Creek 37 0.0 0.0 0 0.0 0.0 0 
150200030504  Gatlin Lake 73 0.5 0.5 100 2.2 2.0 89 
150200030505  Mangitas Creek 41 0.0 0.0 0 0.0 0.0 0 
150200030506  Cerro La Mula 10 0.0 0.0 0 0.0 0.0 0 
150200030507  Cerro La Mula-Agua Fria Creek 2 0.0 0.0 0 0.0 0.0 0 

1502000307  LA Draw-Cienega Amarilla 5 7.4 0.4 6 0.0 0.0 0 
150200030703  Cow Springs Draw 25 1.8 0.4 24 0.0 0.0 0 

15040001  Upper Gila 84 504.9 471.0 93 No 
data 131.5 No 

data 
1504000101  Railroad Canyon 16 0.0 0.0 0 0.0 0.0 0 

150400010101  Upper Railroad Canyon 4 0.0 0.0 0 0.0 0.0 0 
150400010102  Middle Railroad Canyon 41 0.0 0.0 0 0.0 0.0 0 
150400010103  Lower Railroad Canyon 7 0.0 0.0 0 0.0 0.0 0 

1504000102  Corduroy Draw 61 11.9 6.7 56 11.4 10.6 93 
150400010201  Upper Corduroy Draw 22 0.1 0.0 0 2.8 2.7 99 



Appendix D. Water 

 
Gila National Forest Assessment Report – Final  820  

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150400010202  South Water Canyon 79 1.0 0.9 94 4.3 3.6 85 
150400010203  Middle Corduroy Draw 49 0.0 0.0 0 1.0 0.8 88 
150400010204  Lower Corduroy Draw 96 10.8 5.8 053 3.4 3.4 100 

1504000103  Beaver Creek 54 0.0 0.0 0 5.0 5.0 100 
150400010301  Horse Camp Canyon 73 0.0 0.0 0 0.0 0.0 0 
150400010302  Coyote Canyon 1 0.0 0.0 0 0.0 0.0 0 
150400010303  O Bar O Canyon 46 0.0 0.0 0 0.0 0.0 0 
150400010304  Houghton Canyon 92 0.0 0.0 0 5.0 5.0 100 
150400010305  Houghton Canyon-Beaver Creek 79 0.0 0.0 0 0.0 0.0 0 

1504000104  Headwaters East Fork Gila River 99 68.5 60.2 88 41.1 39.3 96 
150400010401  150400010401 Hoyt Creek 99 8.2 7.4 90 8.3 7.2 87 
150400010402  Taylor Creek 99 17.0 14.1 83 11.7 11.0 95 
150400010403  Taylor Creek-Beaver Creek 99 6.2 4.7 76 6.0 6.0 100 
150400010404  Headwaters Diamond Creek 100 9.9 9.9 100 5.6 5.6 98 
150400010405  South Diamond Creek 100 11.1 11.1 100 6.0 6.0 100 
150400010406  Outlet Diamond Creek 100 5.7 5.7 100 3.5 3.4 100 

150400010407  
Diamond Creek-East Fork Gila 
River 99 10.5 7.3 69 0.0 0.0 0 

1504000105  Middle Fork Gila River 100 96.6 94.1 97 18.5 18.4 100 
150400010501  T Bar Canyon 100 0.9 0.9 100 0.4 0.3 81 
150400010502  Gilita Creek 100 20.1 18.7 93 6.9 6.9 100 
150400010503  Snow Canyon 100 0.8 0.8 100 2.3 2.3 100 
150400010504  Canyon Creek 99 4.8 4.3 91 1.5 1.5 100 

150400010505  
Canyon Creek-Middle Fork Gila 
River 100 29.3 29.3 100 0.7 0.7 100 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150400010506  Indian Creek Canyon 99 6.3 6.3 100 5.6 5.6 100 

150400010507  
Indian Creek Canyon-Middle Fork 

Gila River 100 17.9 17.9 100 0.1 0.1 100 

150400010508  
Big Bear Canyon-Middle Fork Gila 
River 99 16.7 16.0 96 1.1 1.1 100 

1504000106  West Fork Gila River 99 86.3 81.0 94 11.9 11.9 100 
150400010601  White Creek 100 19.9 19.9 100 4.4 4.4 100 
150400010602  Headwaters West Fork Gila River 100 23.4 23.4 100 2.2 2.2 100 
150400010603  Little Creek 100 11.9 11.7 98 5.3 5.3 .00 
150400010604  Outlet West Fork Gila River 96 31.1 26.1 84 0.0 0.0 0 

1504000107  Outlet East Fork Gila River 99 56.4 53.3 94 11.5 11.5 100 
150400010701  Tom Moore Canyon 100 0.0 0.0 0 0.0 0.0 0 
150400010702  Headwaters Black Canyon 100 11.0 11.0 100 6.7 6.7 100 
150400010703  Apache Creek 100 5.9 5.9 100 3.3 3.3 100 
150400010704  Outlet Black Canyon 100 21.8 21.7 99 1.4 1.4 100 
150400010705  Black Canyon-East Fork Gila River 97 17.7 14.7 83 0.1 0.1 100 

1504000108  Sapillo Creek 98 45.3 40.5 89 15.8 14.4 91 
150400010801  Rocky Canyon 100 7.0 7.0 100 2.1 2.1 .00 
150400010802  Rocky Canyon-Sapillo Creek 98 8.7 8.7 100 0.6 0.6 100 
150400010803  Lake Roberts-Sapillo Creek 98 7.9 6.3 79 5.2 4.2 80 
150400010804  Copperas Creek-Sapillo Creek 96 3.2 0.0 0 0.7 0.4 49 
150400010805  Sheep Corral Canyon-Sapillo Creek 100 18.5 18.5 100 7.2 7.2 100 

1504000109  Sapillo Creek-Gila River 96 139.9 135.3 97 27.2 20.4 75 
150400010901  Sapillo Creek-Gila River 100 17.9 17.9 100 0.4 0.4 100 



Appendix D. Water 

 
Gila National Forest Assessment Report – Final  822  

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150400010902  Hells Canyon-Gila River 100 22.6 22.6 100 3.0 3.0 100 
150400010903  Turkey Creek 100 25.2 24.8 99 0.7 0.7 100 
150400010904  Upper Mogollon Creek 100 34.5 34.5 100 1.6 1.6 100 
150400010905  Middle Mogollon Creek 88 12.6 10.0 79 6.4 2.9 46 
150400010906  Lower Mogollon Creek 75 5.3 5.3 100 10.1 7.6 75 
150400010907  Mogollon Creek-Gila River 98 21.8 20.2 93 5.0 4.2 85 

15040002  Upper Gila-Mangas 15 100.9 22.3 22 No 
data 68.6 No 

data 
1504000201  Bear Creek 63 10.5 2.8 26 70.8 46.2 65 

150400020101  Upper Bear Creek 88 2.3 1.9 81 34.0 30.3 89 
150400020102  Middle Bear Creek 74 1.5 0.4 29 16.8 10.4 62 
150400020103  Lower Bear Creek 27 6.7 0.4 6 20.1 5.5 27 

1504000202  Duck Creek 12 12.4 5.7 46 30.7 0.0 0 
150400020201  Headwaters Buckhorn Wash 21 0.0 0.0 0 3.4 0.0 0 
150400020203  Sacaton Creek 30 7.2 5.7 80 10.6 0.0 0 
150400020204  Headwaters Duck Creek 10 0.0 0.0 0 3.1 0.0 0 

1504000203  Mangas Creek 39 0.4 0.4 100 31.6 6.0 19 
150400020301  Willow Creek-Mangas Creek 41 0.0 0.0 0 5.4 2.0 36 
150400020302  McKeafer Canyon-Mangas Creek 31 0.0 0.0 0 5.2 0.4 8 
150400020303  Ash Spring Canyon-Mangas Creek 55 0.0 0.0 0 6.5 3.4 52 

150400020304  
Schoolhouse Canyon-Mangas 

Creek 30 0.4 0.4 100 14.4 0.2 1 

1504000204  Sycamore Creek-Upper Gila River 3 17.1 1.1 6 0.5 0.4 94 
150400020401  Bear Creek-Upper Gila River 12 8.7 1.1 012 0.4 0.4 100 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

1504000205  Blue Creek 4 20.6 0.0 0 0.0 0.0 0 
150400020501  Cherry Creek-Blue Creek 9 16.7 0.0 0 0.0 0.0 0 

1504000206  Blue Creek-Upper Gila River 25 33.5 11.7 35 42.1 11.1 26 
150400020601  Bear Canyon-Upper Gila River 88 10.3 8.9 87 8.2 6.8 83 
150400020602  Swan Canyon 56 0.0 0.0 0 1.2 0.5 43 
150400020603  Swan Canyon-Upper Gila River 29 8.7 2.8 32 8.9 3.8 43 
150400020607  Corral Canyon 3 0.0 0.0 0 0.0 0.0 0 

1504000208  Apache Creek-Gila River 5 1.4 0.7 49 125.0 4.9 4 
150400020804  Apache Creek 31 1.4 0.7 49 30.1 4.9 16 

15040003  Animas Valley 4 4.2 2.2 52 No 
data 2.1 No 

data 
1504000302  Headwaters Burro Cienega 16 0.0 0.0 0 8.2 0.1 1 

150400030201  Hall Draw-Burro Cienega 56 0.0 0.0 0 2.6 0.1 3 
150400030203  Ninetysix Creek 12 0.0 0.0 0 0.0 0.0 0 

1504000303  Outlet Burro Cienega <1 0.0 0.0 0 0.0 0.0 0 
150400030305  Jones Canyon-Burro Cienega <1 0.0 0.0 0 0.0 0.0 0 
150400030307  Walker Canyon 1 0.0 0.0 0 0.0 0.0 0 

1504000304  Lordsburg Draw 19 4.2 2.2 53 2.0 2.0 100 
150400030401  Gold Hill Canyon-Lordsburg Draw 21 1.3 0.0 0 0.0 0.0 0 
150400030402  Hoodoo Canyon-Lordsburg Draw 13 0.0 0.0 0 0.0 0.0 0 
150400030403  Headwaters Thompson Canyon 80 1.9 1.9 100 1.7 1.7 100 
150400030404  Outlet Thompson Canyon 21 0.3 0.3 100 0.4 0.4 100 
150400030405  Thompson Canyon-Lordsburg Draw 20 0.6 0.0 0 0.0 0.0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

15040004  San Francisco 61 759.8 287.5 38 No 
data  No 

data 
1504000401  Headwaters Tularosa River 94 39.3 10.5 27 25.3 18.4 73 

150400040101  Sand Flat Canyon 91 1.8 1.0 58 0.3 0.1 16 
150400040102  Canon Del Buey 100 0.0 0.0 0 3.1 3.1 00 
150400040103  Negro Canyon-Tularosa River 94 5.9 1.3 22 1.1 1.0 90 
150400040104  Whiskey Creek 93 3.7 2.0 54 3.8 1.1 30 
150400040105  Hardcastle Canyon 95 2.1 0.1 3 5.6 3.1 56 
150400040106  Apache Creek 91 16.7 5.2 31 9.4 8.1 86 
150400040107  Apache Creek-Tularosa River 94 6.7 0.4 7 0.0 0.0 0 

150400040108  
Cold Springs Canyon-Tularosa 

River 96 2.5 0.5 18 2.0 2.0 100 

1504000402  OutletTularosa River 98 54.6 39.4 72 8.2 8.2 100 
150400040201  Long Canyon-Tularosa River 96 6.7 3.9 59 2.6 2.6 100 

150400040202  
Headwaters North Fork Negrito 

Creek 99 0.0 0.0 0 0.0 0.0 0 

150400040203  South Fork Negrito Creek 99 12.7 11.9 94 5.6 5.6 100 
150400040204  Outlet North Fork Negrito Creek 99 7.8 7.3 93 0.0 0.0 0 
150400040205  Sign Camp Canyon 100 0.0 0.0 0 0.0 0.0 0 
150400040206  Negrito Creek 99 13.0 11.0 84 0.0 0.0 0 
150400040207  Negrito Creek-Tularosa River 95 14.4 5.3 37 0.0 0.0 0 

1504000403  Centerfire Creek-San Francisco River 78 145.9 64.0 44 119.8 41.1 34 
150400040302  Trout Creek 60 24.6 14.7 60 23.1 3.0 13 
150400040303  Stone Creek-San Francisco River 61 28.8 11.4 40 31.6 4.2 13 
150400040304  Spur Draw 82 0.9 0.6 71 1.9 1.9 100 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150400040305  SA Creek 97 7.0 6.6 94 11.1 9.5 86 
150400040306  Headwaters Centerfire Creek 95 6.1 3.1 50 5.6 5.2 94 
150400040307  Outlet Centerfire Creek 87 7.6 0.5 7 4.1 2.7 66 
150400040308  Big Canyon-San Francisco River 95 7.6 5.7 75 2.5 2.5 100 
150400040309  Starkweather Canyon 96 2.1 1.5 68 2.2 2.2 100 
150400040310  Largo Canyon 97 9.3 7.1 77 7.0 5.6 81 

150400040311  
Cienega Canyon-San Francisco 

River 91 24.1 12.8 53 4.4 4.3 97 

1504000404  Deep Creek-San Francisco River 98 60.6 49.1 81 20.1 19.3 96 
150400040401  Headwaters Saliz Canyon 100 3.8 3.8 100 4.2 4.2 100 
150400040402  Outlet Saliz Canyon 98 7.3 5.1 70 0.0 0.0 0 
150400040403  Saliz Canyon-San Francisco River 96 15.4 11.3 73 0.0 0.0 0 
150400040404  Devils Creek 100 2.1 2.1 100 3.2 3.2 100 
150400040405  Deep Creek 96 18.4 16.9 92 12.7 11.8 93 
150400040406  Devils Creek-San Francisco River 97 13.6 10.0 74 0.0 0.0 0 

1504000405  Upper Blue River 14 172.3 9.7 6 372.3 8.7 2 
150400040502  Dry Blue Creek 76 16.3 8.5 52 12.4 3.9 31 
150400040503  Campbell Blue Creek 2 32.1 0.4 1 76.0 0.0 0 
150400040504  Centerfire Creek-Blue River 14 16.1 0.4 2 34.8 1.6 5 
150400040506  Steeple Canyon-Blue River 15 27.0 0.4 2 82.5 3.2 4 

1504000406  Pueblo Creek-San Francisco River 88 81.7 63.5 78 76.5 52.9 69 
150400040601  Upper Pueblo Creek 100 9.1 9.1 100 5.9 5.9 100 
150400040602  Lower Pueblo Creek 95 2.5 2.5 100 20.5 20.3 99 
150400040603  Keller Canyon 56 0.0 0.0 100 13.0 6.3 48 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Perennial Stream Miles Intermittent Stream 
Miles 

Total 
HUC 
Miles 

Gila NF 
HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

Total 
HUC 
Miles 

Gila 
NF 

HUC 
Miles 

Gila 
NF % 
HUC 
Miles 

150400040604  Vigil Canyon 78 0.1 0.0 0 15.9 5.0 32 
150400040605  Mineral Creek 92 18.9 16.7 89 13.8 11.4 82 
150400040606  Wendy Flat-San Francisco River 89 11.1 1.9 17 0.8 0.8 90 
150400040607  Whitewater Creek 95 26.2 24.9 95 6.5 3.3 50 

150400040608  
South Dugway Creek-San 

Francisco River 94 13.8 8.4 61 0.0 0.0 0 

1504000407  Lower Blue River <1 90.0 0.0 0 410.0 0.5 0 
150400040704  Little Blue Creek 1 5.7 0.0 0 62.1 0.5 1 

1504000408  Mule Creek-San Francisco River 50 82.7 51.3 62 161.1 15.4 10 
150400040801  Little Dry Creek 45 3.1 2.8 90 0.8 0.1 14 
150400040802  Big Dry Creek 98 18.8 18.8 100 10.1 7.7 76 
150400040803  Pine Cienega Creek 50 0.2 0.0 0 14.8 2.4 16 
150400040804  Upper Mule Creek 67 13.9 7.0 51 2.7 0.0 0 
150400040805  Lower Mule Creek 48 8.8 4.3 49 0.0 0.0 0 
150400040806  Citizen Canyon 62 1.3 0.0 0 14.5 3.9 27 

150400040807  
Big Pine Canyon-San Francisco 

River 99 18.8 18.3 97 0.0 0.0 100 

150400040808  Harden Cienega Creek 35 0.4 0.0 0 26.7 0.0 0 
150400040809  Coal Creek 10 0.0 0.0 0 36.4 1.4 4 
150400040811  Coalson Creek-San Francisco River <1 14.8 0.0 0 27.8 0.0 0 
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Figure D1.  Annual streamflow metrics at the San Francisco gage near Reserve, period of record 
1960-2014 

 

 
Figure D2.  Annual streamflow metrics at the San Francisco gage near Glenwood, period of record 

1928-2014 
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Figure D3.  Annual streamflow metrics at the Mogollon Creek gage near Cliff, period of record 
1968-2014 

 

 
Figure D4.  Annual streamflow metrics at the Gila River gage near Gila, period of record 1928-2014 
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Figure D5.  Annual streamflow metrics at the Gila River gage near Redrock, period of record 1931-
2014 with missing data during 1955-1962 

 

  

Figure D6.  Annual streamflow metrics at the Mimbres River gage near Mimbres, period of record 
1979-2012 
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Table D3.  Mean monthly flow at the USGS gages within the plan and context areas 
 

Mean Monthly Streamflow (cfs) 
USGS 
Gage 

Number 
USGS Gage 

Name 

Period 
of 

Record Jan Feb March April May June July Aug Sept Oct Nov Dec 

9442680 
San Francisco 
River near 
Reserve, NM 

1960-
2014 19.4 35.3 63.9 44.0 16.4 5.8 7.7 16.7 18.8 23.7 16.2 17.3 

9444000 
San Francisco 
River near 
Glenwood, NM 

1928-
2014 97.9 125.7 178.8 133.5 69.5 27.2 37.4 80.1 72.6 81.7 50.2 78.9 

9430600 
Mogollon 
Creek near 
Cliff, NM 

1968-
2014 37.3 56.5 65.3 48.7 22.2 2.7 9.9 21.6 29.3 20.0 15.7 34.9 

9430500 Gila River near 
Gila, NM 

1928-
2014 173.6 238.5 300.7 212.4 131.8 56.1 65.4 150.3 177.9 115.2 99.1 158.0 

9431500 Gila River near 
Redrock, NM 

1931-
2014 271.6 359.1 418.3 274.3 159.0 54.4 79.6 206.1 236.9 159.6 130.9 233.5 

8477110 
Mimbres River 
at Mimbres, 
NM 

1979-
2012 22.6 26.9 24.6 20.7 13.2 7.2 10.3 31.4 15.8 11.6 10.0 19.5 
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Table D4.  A comparison of annual streamflow metrics and climatic variables between the reference and current time periods 
   Post 1990 Post 2000 
 

Variable Pre-1990   
Change from 

pre-1990  
Change from 

pre-1990 
San Francisco River near Reserve, NM       

 Mean Annual Flow 
(cfs) 28.5 18.0 -37% 12.6 -56% 

 Median Annual 
Flow (cfs) 8.5 6.7 -21% 5.4 -36% 

 
High Flow Days  

(number of 
days/total days in 
period of record) 

19/10,959 2/9,130 -87% 0/5,478 -100% 

 
Low Flow Days    

(number of 
days/total days in 
period of record) 

382/10,959 798/9,130 +151% 543/5,478 +184% 

Southwestern Mountains Climate Division       

 Mean Annual 
Precipitation (in) 15.6 15.4 -1% 14.3 -8% 

 Mean Annual 
Temperature (°F) 48.6 49.8 +1.2 50.1 +1.5 

San Francisco River near Glenwood, NM       
 Mean Annual Flow 84.1 90.6 +8% 70.8 -16% 

 Median Annual 
Flow 30 32 +7% 28 -7% 

 
High Flow Days   

(number of 
days/total days in 
period of record) 

28/22,645 23/9,130 +104% 12/5,478 +77% 

 
Low Flow Days    

(number of 
days/total days in 
period of record) 

1,713/22,645 322/9,130 -53% 239/5,478 -42% 
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   Post 1990 Post 2000 
 

Variable Pre-1990   
Change from 

pre-1990  
Change from 

pre-1990 
Southwestern Mountains Climate Division       

 Mean Annual 
Precipitation (in) 15.1 15.4 +2% 14.3 -5% 

 Mean Annual 
Temperature (°F) 48.6 49.8 +1.2 50.1 +1.5 

Mogollon Creek near Cliff, NM       
 Mean Annual Flow 30.1 30.3 +1% 26.3 -13% 

 Median Annual 
Flow 6.6 5.4 -18% 4.4 -33% 

 
High Flow Days   

(number of 
days/total days in 
period of record) 

1/8,035 2/9,130 +193% 2/5,478 +193% 

 
Low Flow Days    

(number of 
days/total days in 
period of record) 

613/8,035 834/9,130 +20% 632/5,478 +51% 

Southwestern Mountains Climate Division       

 Mean Annual 
Precipitation (in) 15.7 15.4 -2% 14.3 -9% 

 Mean Annual 
Temperature (°F) 48.7 49.8 +1.1 50.1 +1.4 

Gila River near Gila, NM       
 Mean Annual Flow 149.6 172.5 +15% 144.7 -3% 

 Median Annual 
Flow 72 77 +7% 68 -6% 

 

High Flow Days   
(number of 

days/total days in 
period of record) 

77/22,645 58/9,130 +87% 28/5,478 +50% 

 Low Flow Days    
(number of 1,040/22,645 589/9,130 +40% 455/5,478 +81% 
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   Post 1990 Post 2000 
 

Variable Pre-1990   
Change from 

pre-1990  
Change from 

pre-1990 
days/total days in 
period of record) 

Southwestern Mountains Climate Division       

 Mean Annual 
Precipitation (in) 15.1 15.4 +2% 14.3 -5% 

 Mean Annual 
Temperature (°F) 48.6 49.8 +1.2 50.1 +1.5 

Gila River near Redrock, NM       
 Mean Annual Flow 204.1 236.2 +16% 188.7 -8% 

 Median Annual 
Flow 90 95 +6% 86 -8% 

 
High Flow Days   

(number of 
days/total days in 
period of record) 

22/18,627 22/9,130 +104% 9/5,478 +<1% 

 

Low Flow Days    
(number of 

days/total days in 
period of record) 

998/18,627 513/9,130 +5% 405/5,478 +38% 

Southern Desert Climate Division       

 Mean Annual 
Precipitation (in) 11.8 12.2 +3% 11.4 -3% 

 Mean Annual 
Temperature (°F) 59.2 60.1 +0.9 60.4 +1.2 

Mimbres River at Mimbres, NM       
 Mean Annual Flow 19.5 17.0 -13% 12.8 -35% 

 Median Annual 
Flow 

8.5 6.9 -19% 5.4 -35% 

 
High Flow Days   

(number of 
days/total days in 
period of record) 

6/4,017 9/8,400 -28% 6/4,748 -15% 
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   Post 1990 Post 2000 
 

Variable Pre-1990   
Change from 

pre-1990  
Change from 

pre-1990 

 
Low Flow Days    

(number of 
days/total days in 
period of record) 

94/4,017 556/8,400 +183% 441/4,478 +299% 

Southwestern Mountains Climate Division       

 Mean Annual 
Precipitation (in) 16.0 15.5 -3% 14.3 -11% 

 Mean Annual 
Temperature (°F) 49.0 49.7 +0.7 50.1 +1.1 
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Figure D7.  Monthly metrics at the San Francisco gage near Reserve, period of record 1960-2014; Southwestern Mountains climate 

division 
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Figure D8.  Monthly metrics at the San Francisco gage near Glenwood, period of record 1928-2014; Southwestern Mountains climate 

division 
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 Figure D9.  Monthly metrics at the Mogollon Creek gage near Cliff, period of record 1968-2014; Southwestern Mountains climate 

division 
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Figure D10.  Monthly metrics at the Gila River gage near Gila, period of record 1928-2014; Southwestern Mountains climate division 
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Figure D11.  Monthly streamflow metrics at the Gila River gage near Redrock, period of record 1931-2014 with missing data during 1955-

1962; Southern Desert climate division 
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 Figure D12.  Monthly metrics at the Mimbres River gage near Mimbres, period of record 1979-2012; Southwestern Mountains climate 

division 
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Table D5. Extent and distribution of waterbodies and wells by subbasin, watershed and subwatershed 

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

13020208  Plains of San Agustin 11 531 89 17 602 12 2 
1302020804  Nester Draw 3 110 5 5 272 5 2 

130202080401  Bear Canyon 38 7 3 43 9 5 56 
130202080404  Headwaters Nester Draw 3 13 2 15 103 0 0 

1302020806 Y Canyon 53 51 28 55 14 2 14 
130202080601  La Jolla Canyon 99 22 20 91 2 0 0 
130202080603 Y Canyon 42 17 8 47 11 2 18 

1302020807  Patterson Lake 38 116 56 48 37 5 14 
130202080701  Alamocito Creek 37 20 8 40 5 2 40 
130202080703  West Pasture Springs 1 11 0 0 3 0 0 
130202080704  Patterson Canyon 66 27 16 59 3 0 0 
130202080705  Dark Canyon 42 10 4 40 3 0 0 
130202080706  Patterson Lake 40 16 7 44 5 1 20 
130202080707  Long Canyon 96 16 15 94 3 2 67 
130202080708  T H Canyon 30 12 6 50 13 0 0 

13020211  Elephant Butte Reservoir 3 629 51 8 411 1 0 
1302021106  Headwaters Alamosa Creek 16 180 51 28 33 1 3 

130202110603  
Little Pigeon Canyon-Alamosa 

Creek 21 46 12 26 2 0 0 

130202110606  Wahoo Canyon-Alamosa Creek 52 44 30 68 3 1 33 
130202110607  Sim Yaten Canyon-Alamosa Creek 16 14 6 43 1 0 0 
130202110608  Wildhorse Canyon 37 28 3 11 8 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

13030101  Caballo 27 398 21 5 1523 17 1 
1303010101  Cuchillo Negro Creek 32 83 12 14 301 12 4 

130301010101  Turkey Creek 85 2 1 50 8 3 38 
130301010102  Poverty Creek 48 26 8 31 28 5 18 
130301010103  Chloride Creek 76 5 3 60 38 1 3 
130301010104  South Fork Cuchillo Negro Creek 71 0 0 0 11 2 18 
130301010105  Monument Creek 30 1 0 0 7 1 14 

130301010106  
Monument Creek-Cuchillo Negro 
Creek 20 12 0 0 30 0 0 

1303010102  Palomas Creek-Rio Grande 25 145 0 0 843 1 0 
130301010204  Mud Spring Canyon 100 0 0 0 0 0 0 
130301010205  Circle Seven Creek 96 0 0 0 0 0 0 
130301010206  North Fork Palomas Creek 56 5 0 0 0 0 0 
130301010207  South Fork Palomas Creek 57 2 0 0 3 1 33 

1303010103  Percha Creek 32 53 6 11 73 3 4 
130301010301  South Percha Creek 53 16 3 19 35 3 9 
130301010302  North Percha Creek 54 3 3 100 2 0 0 

1303010104  Caballo Reservoir 21 119 3 3 306 1 0 
130301010401  North Seco Canyon 76 2 2 100 0 0 0 
130301010403  Seco Creek 10 20 1 5 18 0 0 
130301010404  Holden Prong 100 0 0 0 0 0 0 
130301010405  Cave Creek 22 2 0 0 1 0 0 
130301010406  Headwaters Los Animas Creek 65 0 0 0 1 1 100 

13030102  El Paso-Las Cruces 1 1,084 27 2 8931 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

1303010202  Cuervo Arroyo_Rio Grande 17 197 27 14 320 0 0 
130301020201  Trujillo Canyon Creek 33 65 13 20 14 0 0 
130301020203  Headwaters Tierra Blanca Creek 98 1 1 100 0 0 0 
130301020204  Outlet Tierra Blanca Creek 15 28 3 11 7 0 0 
130301020207  Jaralosa Creek 13 16 10 63 36 0 0 
130301020208  Headwaters Berenda Creek 37 8 0 0 60 0 0 

13030202  Mimbres 5 2,709 107 4 5608 25 0 
1303020201  Gallinas Canyon-Mimbres River 74 197 81 41 397 14 4 

130302020101  Powderhorn Canyon-Mimbres River 99 16 16 100 7 6 86 
130302020102  Allie Canyon-Mimbres River 97 34 34 100 84 6 7 
130302020103  Sheppard Canyon-Mimbres River 81 28 14 50 25 0 0 
130302020104  Noonday Canyon 78 5 2 40 23 0 0 
130302020105  Noonday Canyon-Mimbres River 44 59 9 15 174 2 1 
130302020106  Gallinas Canyon 73 24 6 25 31 0 0 

1303020202  Headwaters San Vicente Draw 18 216 9 4 856 6 1 
130302020201  Rio de Arenas 6 22 1 5 148 2 1 
130302020203  Pipeline Draw-San Vicente Draw 16 43 3 7 503 2 0 
130302020204  Cameron Creek 54 28 5 18 76 2 3 
130302020205  Cameron Creek-San Vicente Draw <1 57 0 0 30 0 0 

1303020203  Outlet San Vicente Draw 1 158 0 0 219 1 0 
130302020302  Headwaters Whitewater Creek 3 45 0 0 102 1 1 
130302020305  Antelope Draw-San Vicente Draw 2 32 0 0 44 0 0 

1303020204  Lampbright Draw 3 143 3 2 94 0 0 
130302020401  Headwaters Lampbright Draw 9 42 3 7 81 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

1303020205  Lampbright Draw-Mimbres River 17 99 11 11 116 0 0 
130302020501  Gavilan Arroyo 40 4 2 50 2 0 0 
130302020502  Gavilan Arroyo-Mimbres River 39 37 9 24 25 0 0 

1303020208  Macho Creek 2 136 2 1 80 1 1 
130302020801  Upper Macho Creek 10 17 2 12 7 1 14 

1303020213  Upper Seventysix Draw 1 45 0 0 53 3 6 
130302021301  Whiterock Canyon 5 11 0 0 48 3 6 

1303020214  Cow Spring Draw-Seventysix Draw 2 107 1 1 95 0 0 
130302021402  Headwaters Cow Spring Draw 14 15 1 7 57 0 0 

15020001  Little Colorado Headwaters 3 838 26 3 1814 0 0 
1502000103  Coyote Creek 9 169 26 15 123 0 0 

150200010301  Hay Vega 39 10 4 40 6 0 0 
150200010302  Canovas Creek-Coyote Creek 33 49 22 45 19 0 0 

15020003  Carrizo Wash 14 1,470 146 10 722 16 2 
1502000301  Rito Creek 13 254 19 7 303 1 0 

150200030101  Upper Mangas Creek 58 32 14 44 26 1 4 
150200030102  Middle Mangas Creek 17 33 0 0 19 0 0 
150200030103  Lower Mangas Creek 7 15 2 13 8 0 0 
150200030109  Escondido Creek 47 17 3 18 0 0 0 

1502000302  Upper Largo Creek 76 91 66 73 25 8 32 
150200030201  El Caso Spring Canyon 100 21 21 100 3 3 100 
150200030202  Sawmill Canyon-Largo Creek 91 40 36 90 3 0 0 
150200030203  Paradise Canyon-Largo Creek 85 10 8 80 6 4 67 



Appendix D. Water 

 
Gila National Forest Assessment Report – Final  845  

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150200030204  Rito Creek-Largo Creek 35 20 1 5 13 1 8 
1502000305  Agua Fria Creek 35 202 43 21 69 7 10 

150200030501  Harris Creek-Agua Fria Creek 90 19 12 63 31 5 16 
150200030502  Demetrio Creek 59 16 4 25 2 0 0 
150200030503  Demetrio Creek-Agua Fria Creek 37 28 1 4 3 1 33 
150200030504  Gatlin Lake 73 37 17 46 18 1 6 
150200030505  Mangitas Creek 41 13 8 62 2 0 0 
150200030506  Cerro La Mula 10 23 1 4 4 0 0 
150200030507  Cerro La Mula-Agua Fria Creek 2 21 0 0 0 0 0 

1502000307  LA Draw-Cienega Amarilla 5 225 18 8 51 0 0 
150200030703  Cow Springs Draw 25 55 18 33 2 0 0 

15040001  Upper Gila 84 628 418 67 225 72 32 
1504000101  Railroad Canyon 16 52 6 12 5 0 0 

150400010101  Upper Railroad Canyon 4 27 1 4 1 0 0 
150400010102  Middle Railroad Canyon 41 10 5 50 2 0 0 
150400010103  Lower Railroad Canyon 7 15 0 0 2 0 0 

1504000102  Corduroy Draw 61 100 44 44 3 2 67 
150400010201  Upper Corduroy Draw 22 21 3 14 0 0 0 
150400010202  South Water Canyon 79 30 16 53 0 0 0 
150400010203  Middle Corduroy Draw 49 23 4 17 1 0 0 
150400010204  Lower Corduroy Draw 96 26 21 81 2 2 100 

1504000103  Beaver Creek 54 113 54 48 5 0 0 
150400010301  Horse Camp Canyon 73 11 7 64 0 0 0 
150400010302  Coyote Canyon 1 35 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150400010303  O Bar O Canyon 46 25 10 40 4 0 0 
150400010304  Houghton Canyon 92 15 14 93 0 0 0 
150400010305  Houghton Canyon-Beaver Creek 79 27 23 85 1 0 0 

1504000104  Headwaters East Fork Gila River 99 91 87 96 12 5 42 
150400010401  150400010401 Hoyt Creek 99 6 5 83 3 1 33 
150400010402  Taylor Creek 99 20 17 85 1 1 100 
150400010403  Taylor Creek-Beaver Creek 99 17 17 100 0 0 0 
150400010404  Headwaters Diamond Creek 100 1 1 100 0 0 0 
150400010405  South Diamond Creek 100 10 10 100 0 0 0 
150400010406  Outlet Diamond Creek 100 15 14 93 4 1 25 

150400010407  
Diamond Creek-East Fork Gila 

River 99 23 23 100 4 2 50 

1504000105  Middle Fork Gila River 100 115 105 91 45 42 93 
150400010501  T Bar Canyon 100 13 12 92 0 0 0 
150400010502  Gilita Creek 100 19 11 58 42 41 98 
150400010503  Snow Canyon 100 20 20 100 1 1 100 
150400010504  Canyon Creek 99 19 19 100 1 0 0 

150400010505  
Canyon Creek-Middle Fork Gila 

River 100 3 3 100 0 0 0 

150400010506  Indian Creek Canyon 99 11 10 91 1 0 0 

150400010507  
Indian Creek Canyon-Middle Fork 

Gila River 100 5 5 100 0 0 0 

150400010508  
Big Bear Canyon-Middle Fork Gila 

River 99 25 25 100 0 0 0 

1504000106  West Fork Gila River 99 22 16 73 57 5 9 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150400010601  White Creek 100 0 0 0 0 0 0 
150400010602  Headwaters West Fork Gila River 100 0 0 0 0 0 0 
150400010603  Little Creek 100 4 4 100 0 0 0 
150400010604  Outlet West Fork Gila River 96 18 12 67 57 5 9 

1504000107  Outlet East Fork Gila River 99 42 41 98 6 3 50 
150400010701  Tom Moore Canyon 100 12 12 100 1 1 100 
150400010702  Headwaters Black Canyon 100 0 0 0 0 0 0 
150400010703  Apache Creek 100 9 9 100 0 0 0 
150400010704  Outlet Black Canyon 100 9 9 100 0 0 0 
150400010705  Black Canyon-East Fork Gila River 97 12 11 92 5 2 40 

1504000108  Sapillo Creek 98 50 43 86 84 12 14 
150400010801  Rocky Canyon 100 3 3 100 0 0 0 
150400010802  Rocky Canyon-Sapillo Creek 98 22 20 91 13 2 15 
150400010803  Lake Roberts-Sapillo Creek 98 13 10 77 54 8 15 
150400010804  Copperas Creek-Sapillo Creek 96 5 3 60 17 2 12 
150400010805  Sheep Corral Canyon-Sapillo Creek 100 7 7 100 0 0 0 

1504000109  Sapillo Creek-Gila River 96 43 22 51 8 3 38 
150400010901  Sapillo Creek-Gila River 100 3 3 100 0 0 0 
150400010902  Hells Canyon-Gila River 100 10 10 100 0 0 0 
150400010903  Turkey Creek 100 2 2 100 0 0 0 
150400010904  Upper Mogollon Creek 100 0 0 0 4 1 25 
150400010905  Middle Mogollon Creek 88 17 4 24 3 1 33 
150400010906  Lower Mogollon Creek 75 9 1 11 1 1 100 
150400010907  Mogollon Creek-Gila River 98 2 2 100 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

15040002  Upper Gila-Mangas 15 1,319 106 8 2706 33 1 
1504000201  Bear Creek 63 43 16 37 210 11 5 

150400020101  Upper Bear Creek 88 14 8 57 97 8 8 
150400020102  Middle Bear Creek 74 10 6 60 25 2 8 
150400020103  Lower Bear Creek 27 19 2 11 88 1 1 

1504000202  Duck Creek 12 306 18 6 234 0 0 
150400020201  Headwaters Buckhorn Wash 21 47 12 26 4 0 0 
150400020203  Sacaton Creek 30 40 2 5 2 0 0 
150400020204  Headwaters Duck Creek 10 65 4 6 13 0 0 

1504000203  Mangas Creek 39 178 23 13 409 12 3 
150400020301  Willow Creek-Mangas Creek 41 59 3 5 177 5 3 
150400020302  McKeafer Canyon-Mangas Creek 31 39 6 15 170 4 2 
150400020303  Ash Spring Canyon-Mangas Creek 55 28 6 21 27 2 7 

150400020304  
Schoolhouse Canyon-Mangas 

Creek 30 52 8 15 35 1 3 

1504000204  Sycamore Creek-Upper Gila River 3 222 1 0 275 1 0 
150400020401  Bear Creek-Upper Gila River 12 60 1 2 161 1 1 

1504000205  Blue Creek 4 67 7 10 5 0 0 
150400020501  Cherry Creek-Blue Creek 9 40 7 18 1 0 0 

1504000206  Blue Creek-Upper Gila River 25 157 34 22 67 8 12 
150400020601  Bear Canyon-Upper Gila River 88 18 15 83 8 5 63 
150400020602  Swan Canyon 56 9 7 78 14 3 21 
150400020603  Swan Canyon-Upper Gila River 29 28 11 39 13 0 0 
150400020607  Corral Canyon 3 31 1 3 1 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

1504000208  Apache Creek-Gila River 5 174 7 4 737 1 0 
150400020804  Apache Creek 31 22 7 32 48 1 2 

15040003  Animas Valley 4 991 24 2 962 1 0 
1504000302  Headwaters Burro Cienega 16 84 7 8 15 0 0 

150400030201  Hall Draw-Burro Cienega 56 15 5 33 2 0 0 
150400030203  Ninetysix Creek 12 22 2 9 6 0 0 

1504000303  Outlet Burro Cienega <1 87 0 0 137 0 0 
150400030305  Jones Canyon-Burro Cienega <1 2 0 0 2 0 0 
150400030307  Walker Canyon 1 21 0 0 51 0 0 

1504000304  Lordsburg Draw 19 143 17 12 166 1 1 
150400030401  Gold Hill Canyon-Lordsburg Draw 21 13 1 8 41 0 0 
150400030402  Hoodoo Canyon-Lordsburg Draw 13 26 3 12 48 0 0 
150400030403  Headwaters Thompson Canyon 80 13 3 23 2 1 50 
150400030404  Outlet Thompson Canyon 21 26 6 23 27 0 0 
150400030405  Thompson Canyon-Lordsburg Draw 20 21 4 19 37 0 0 

15040004  San Francisco 61 2,277 1,354 59 1991 167 8 
1504000401  Headwaters Tularosa River 94 185 149 81 170 28 16 

150400040101  Sand Flat Canyon 91 27 23 85 10 0 0 
150400040102  Canon Del Buey 100 14 14 100 0 0 0 
150400040103  Negro Canyon-Tularosa River 94 17 16 94 41 3 7 
150400040104  Whiskey Creek 93 23 19 83 7 1 14 
150400040105  Hardcastle Canyon 95 38 31 82 2 0 0 
150400040106  Apache Creek 91 34 25 74 39 6 15 
150400040107  Apache Creek-Tularosa River 94 24 14 58 31 8 26 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150400040108  
Cold Springs Canyon-Tularosa 

River 96 8 7 88 40 10 25 

1504000402  OutletTularosa River 98 148 133 90 61 14 23 
150400040201  Long Canyon-Tularosa River 96 30 28 93 48 9 19 

150400040202  
Headwaters North Fork Negrito 

Creek 99 14 13 93 2 0 0 

150400040203  South Fork Negrito Creek 99 38 26 68 3 1 33 
150400040204  Outlet North Fork Negrito Creek 99 20 20 100 0 0 0 
150400040205  Sign Camp Canyon 100 22 22 100 0 0 0 
150400040206  Negrito Creek 99 15 15 100 2 1 50 
150400040207  Negrito Creek-Tularosa River 95 9 9 100 6 3 50 

1504000403  Centerfire Creek-San Francisco River 78 432 230 53 708 32 5 
150400040302  Trout Creek 60 56 36 64 10 0 0 
150400040303  Stone Creek-San Francisco River 61 49 16 33 130 8 6 
150400040304  Spur Draw 82 47 27 57 4 1 25 
150400040305  SA Creek 97 54 52 96 4 1 25 
150400040306  Headwaters Centerfire Creek 95 19 18 95 2 0 0 
150400040307  Outlet Centerfire Creek 87 38 19 50 14 3 21 
150400040308  Big Canyon-San Francisco River 95 18 15 83 26 0 0 
150400040309  Starkweather Canyon 96 24 16 67 25 4 16 
150400040310  Largo Canyon 97 23 17 74 10 4 40 

150400040311  
Cienega Canyon-San Francisco 

River 91 26 14 54 64 11 17 

1504000404  Deep Creek-San Francisco River 98 93 86 92 70 14 20 
150400040401  Headwaters Saliz Canyon 100 19 18 95 1 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150400040402  Outlet Saliz Canyon 98 6 6 100 10 1 10 
150400040403  Saliz Canyon-San Francisco River 96 22 18 82 47 9 19 
150400040404  Devils Creek 100 11 11 100 0 0 0 
150400040405  Deep Creek 96 12 11 92 7 2 29 
150400040406  Devils Creek-San Francisco River 97 23 22 96 5 2 40 

1504000405  Upper Blue River 14 134 11 8 100 1 1 
150400040502  Dry Blue Creek 76 21 10 48 32 1 3 
150400040503  Campbell Blue Creek 2 55 0 0 5 0 0 
150400040504  Centerfire Creek-Blue River 14 7 0 0 13 0 0 
150400040506  Steeple Canyon-Blue River 15 13 1 8 26 0 0 

1504000406  Pueblo Creek-San Francisco River 88 511 410 80 241 70 29 
150400040601  Upper Pueblo Creek 100 0 0 0 0 0 0 
150400040602  Lower Pueblo Creek 95 10 10 100 0 0 0 
150400040603  Keller Canyon 56 98 70 71 4 0 0 
150400040604  Vigil Canyon 78 163 150 92 1 1 100 
150400040605  Mineral Creek 92 27 14 52 56 26 46 
150400040606  Wendy Flat-San Francisco River 89 97 85 88 33 3 9 
150400040607  Whitewater Creek 95 22 9 41 75 10 13 

150400040608  
South Dugway Creek-San 

Francisco River 94 94 72 77 72 30 42 

1504000407  Lower Blue River <1 96 0 0 11 0 0 
150400040704  Little Blue Creek 1 5 0 0 0 0 0 

1504000408  Mule Creek-San Francisco River 50 611 335 55 121 8 7 
150400040801  Little Dry Creek 45 74 29 39 7 1 14 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Waterbodies (Number) Wells  (Number) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF % 
HUC 

150400040802  Big Dry Creek 98 15 12 80 11 2 18 
150400040803  Pine Cienega Creek 50 62 20 32 21 1 5 
150400040804  Upper Mule Creek 67 50 32 64 53 1 2 
150400040805  Lower Mule Creek 48 50 26 52 1 0 0 
150400040806  Citizen Canyon 62 31 28 90 0 0 0 

150400040807  
Big Pine Canyon-San Francisco 

River 99 112 112 100 4 1 25 

150400040808  Harden Cienega Creek 35 126 73 58 8 2 25 
150400040809  Coal Creek 10 34 3 9 13 0 0 
150400040811  Coalson Creek-San Francisco River <1 21 0 0 2 0 0 
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Table D6.  Plan area assessed stream miles by subbasin, watershed, subwatershed and water quality status1,2. 

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

13020208  Plains of San Agustin 11 0 0 0 0 0 0 

1302020804  Nester Draw 3 0 0 0 0 0 0 
130202080401  Bear Canyon 38 0 0 0 0 0 0 
130202080404  Headwaters Nester Draw 0 0 0 0 0 0 0 

1302020806 Y Canyon 0 0 0 0 0 0 0 
130202080601  La Jolla Canyon 0 0 0 0 0 0 0 
130202080603 Y Canyon 0 0 0 0 0 0 0 

1302020807  Patterson Lake 0 0 0 0 0 0 0 
130202080701  Alamocito Creek 0 0 0 0 0 0 0 
130202080703  West Pasture Springs 0 0 0 0 0 0 0 
130202080704  Patterson Canyon 0 0 0 0 0 0 0 
130202080705  Dark Canyon 0 0 0 0 0 0 0 
130202080706  Patterson Lake 0 0 0 0 0 0 0 
130202080707  Long Canyon 96 0 0 0 0 0 0 
130202080708  T H Canyon 30 0 0 0 0 0 0 

13020211  Elephant Butte Reservoir 3 37.0 0 37.0 0 0 0 

1302021106  Headwaters Alamosa Creek 16 0.1 0 0.1 0 0 0 

130202110603  
Little Pigeon Canyon-Alamosa 

Creek 21 0 0 0 0 0 0 

130202110606  Wahoo Canyon-Alamosa Creek 52 0 0 0 0 0 0 
130202110607  Sim Yaten Canyon-Alamosa Creek 16 0 0 0 0 0 0 
130202110608  Wildhorse Canyon 37 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

13030101  Caballo 27 110.8 10.8 62.5 0 48.3 10.8 

1303010101  Cuchillo Negro Creek 32 1.2 0 1.2 0 0 0 
130301010101  Turkey Creek 85 0 0 0 0 0 0 
130301010102  Poverty Creek 48 0 0 0 0 0 0 
130301010103  Chloride Creek 76 0 0 0 0 0 0 
130301010104  South Fork Cuchillo Negro Creek 71 0 0 0 0 0 0 
130301010105  Monument Creek 30 0 0 0 0 0 0 

130301010106  
Monument Creek-Cuchillo Negro 

Creek 20 0 0 0 0 0 0 

1303010102  Palomas Creek-Rio Grande 25 38.5 0 23.8 0 14.7 0 
130301010204  Mud Spring Canyon 100 0 0 0 0 0 0 
130301010205  Circle Seven Creek 96 0 0 0 0 0 0 
130301010206  North Fork Palomas Creek 56 0.1 0 0.1 0 0 0 
130301010207  South Fork Palomas Creek 57 0.1 0 0.1 0 0 0 

1303010103  Percha Creek 32 24.7 0 24.7 0 0 0 
130301010301  South Percha Creek 53 5.9 0 5.9 0 0 0 
130301010302  North Percha Creek 54 0 0 0 0 0 0 

1303010104  Caballo Reservoir 21 62.7 10.8 12.9 0 49.8 10.8 
130301010401  North Seco Canyon 76 0 0 0 0 0 0 
130301010403  Seco Creek 10 0 0 0 0 0 0 
130301010404  Holden Prong 100 3.5 3.5 0 0 3.5 3.5 
130301010405  Cave Creek 22 <0.1 0 0 0 <0.1 0 
130301010406  Headwaters Los Animas Creek 65 16.8 7.4 0 0 16.8 7.4 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

13030102  El Paso-Las Cruces 1 159.7 9.1 86.5 9.1 73.2 0 
1303010202  Cuervo Arroyo_Rio Grande 17 48.8 9.1 36.8 9.1 12.0 0 

130301020201  Trujillo Canyon Creek 33 0 0 0 0 0 0 
130301020203  Headwaters Tierra Blanca Creek 98 8.5 7.9 8.5 7.9 0 0 
130301020204  Outlet Tierra Blanca Creek 15 25.2 1.2 25.2 1.2 0 0 
130301020207  Jaralosa Creek 13 0 0 0 0 0 0 
130301020208  Headwaters Berenda Creek 37 0 0 0 0 0 0 

13030202  Mimbres 5 154.2 67.0 84.0 47.7 70.2 19.3 
1303020201  Gallinas Canyon-Mimbres River 74 93.4 60.6 45.8 43.0 47.6 17.6 

130302020101  Powderhorn Canyon-Mimbres River 99 17.3 29.2 12.1 11.6 41.1 17.6 
130302020102  Allie Canyon-Mimbres River 97 29.4 24.8 23.7 22.5 5.7 2.3 
130302020103  Sheppard Canyon-Mimbres River 81 13.4 8.9 10.0 8.9 3.4 0 
130302020104  Noonday Canyon 78 0 0 0 0 0 0 
130302020105  Noonday Canyon-Mimbres River 44 6.6 0 0 0 6.6 0 
130302020106  Gallinas Canyon 73 20.2 11.9 0 0 20.2 11.9 

1303020202  Headwaters San Vicente Draw 18 5.4 0 3.5 0 1.9 0 
130302020201  Rio de Arenas 6 0 0 0 0 0 0 
130302020203  Pipeline Draw-San Vicente Draw 16 5.4 0 3.5 0 1.9 0 
130302020204  Cameron Creek 54 0 0 0 0 0 0 
130302020205  Cameron Creek-San Vicente Draw <1 0 0 0 0 0 0 

1303020203  Outlet San Vicente Draw 1 24.2 <0.1 24.2 <0.1 0 0 
130302020302  Headwaters Whitewater Creek 3 18.2 <0.1 18.2 <0.1 0 0 
130302020305  Antelope Draw-San Vicente Draw 2 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

1303020204  Lampbright Draw 3 0 0 0 0 0 0 
130302020401  Headwaters Lampbright Draw 9 0 0 0 0 0 0 

1303020205  Lampbright Draw-Mimbres River 17 31.4 6.5 10.5 4.8 20.9 1.7 
130302020501  Gavilan Arroyo 40 0 0 0 0 0 0 
130302020502  Gavilan Arroyo-Mimbres River 39 22.8 6.5 10.5 4.8 12.3 1.7 

1303020208  Macho Creek 0 0 0 0 0 0 0 
130302020801  Upper Macho Creek 10 0 0 0 0 0 0 

1303020213  Upper Seventysix Draw 1 0 0 0 0 0 0 
130302021301  Whiterock Canyon 5 0 0 0 0 0 0 

1303020214  Cow Spring Draw-Seventysix Draw 2 0 0 0 0 0 0 
130302021402  Headwaters Cow Spring Draw 14 0 0 0 0 0 0 

15020001  Little Colorado Headwaters 3 234.4 0 185.3 0 49.1 0 
1502000103  Coyote Creek 9 0 0 0 0 0 0 

150200010301  Hay Vega 39 0 0 0 0 0 0 
150200010302  Canovas Creek-Coyote Creek 33 0 0 0 0 0 0 

15020003  Carrizo Wash 14 88.6 11.6 77 11.6 0 0 
1502000301  Rito Creek 13 0 0 0 0 0 0 

150200030101  Upper Mangas Creek 58 0 0 0 0 0 0 
150200030102  Middle Mangas Creek 17 0 0 0 0 0 0 
150200030103  Lower Mangas Creek 7 0 0 0 0 0 0 
150200030109  Escondido Creek 47 0 0 0 0 0 0 

1502000302  Upper Largo Creek 76 32.7 11.6 32.7 11.6 0 0 
150200030201  El Caso Spring Canyon 100 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  
150200030202  Sawmill Canyon-Largo Creek 91 12.8 8.7 12.8 8.7 0 0 
150200030203  Paradise Canyon-Largo Creek 85 11.1 2.9 11.1 2.9 0 0 
150200030204  Rito Creek-Largo Creek 35 8.7 0 8.7 0 0 0 

1502000305  Agua Fria Creek 35 0 0 0 0 0 0 
150200030501  Harris Creek-Agua Fria Creek 90 0 0 0 0 0 0 
150200030502  Demetrio Creek 59 0 0 0 0 0 0 
150200030503  Demetrio Creek-Agua Fria Creek 37 0 0 0 0 0 0 
150200030504  Gatlin Lake 73 0 0 0 0 0 0 
150200030505  Mangitas Creek 41 0 0 0 0 0 0 
150200030506  Cerro La Mula 10 0 0 0 0 0 0 
150200030507  Cerro La Mula-Agua Fria Creek 2 0 0 0 0 0 0 

1502000307  LA Draw-Cienega Amarilla 5 0 0 0 0 0 0 
150200030703  Cow Springs Draw 25 0 0 0 0 0 0 

15040001  Upper Gila 84 388.6 339.3 103.1 96.6 285.5 242.7 
1504000101  Railroad Canyon 16 <0.1 0 0 0 <0.1 0 

150400010101  Upper Railroad Canyon 4 0 0 0 0 0 0 
150400010102  Middle Railroad Canyon 41 0 0 0 0 0 0 
150400010103  Lower Railroad Canyon 7 <0.1 0 0 0 <0.1 0 

1504000102  Corduroy Draw 61 0 0 0 0 0 0 
150400010201  Upper Corduroy Draw 22 0 0 0 0 0 0 
150400010202  South Water Canyon 79 0 0 0 0 0 0 
150400010203  Middle Corduroy Draw 49 0 0 0 0 0 0 
150400010204  Lower Corduroy Draw 96 0 0 0 0 0 0 

1504000103  Beaver Creek 54 24.6 2.4 0 0 24.6 2.4 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  
150400010301  Horse Camp Canyon 73 0 0 0 0 0 0 
150400010302  Coyote Canyon 1 15.0 0 0 0 15.0 0 
150400010303  O Bar O Canyon 46 0.2 0 0 0 0.2 0 
150400010304  Houghton Canyon 92 0 0 0 0 0 0 
150400010305  Houghton Canyon-Beaver Creek 79 9.4 2.4 0 0 9.4 2.4 

1504000104  Headwaters East Fork Gila River 99 88.8 79.3 45.6 43.4 43.2 35.9 
150400010401  Hoyt Creek 99 19.9 18.1 19.9 18.1 0 0 
150400010402  Taylor Creek 99 22.4 19.5 0 0 22.4 19.5 
150400010403  Taylor Creek-Beaver Creek 99 11.4 10.0 0 0 11.4 10.0 
150400010404  Headwaters Diamond Creek 100 12.6 12.6 12.6 12.6 0 0 
150400010405  South Diamond Creek 100 0 0 0 0 0 0 
150400010406  Outlet Diamond Creek 100 13.0 12.7 13.0 12.7 0 0 

150400010407  
Diamond Creek-East Fork Gila 

River 99 9.4 6.4 <0.1 <0.1 9.4 6.4 

1504000105  Middle Fork Gila River 100 84.7 81.6 20.3 20.3 64.4 61.3 
150400010501  T Bar Canyon 100 0 0 0 0 0 0 
150400010502  Gilita Creek 100 20.0 18.7 6.6 6.6 13.5 12.1 
150400010503  Snow Canyon 100 0.8 0.8 0.8 0.8 <0.1 <0.1 
150400010504  Canyon Creek 99 14.1 13.1 0 0 14.1 13.1 

150400010505  
Canyon Creek-Middle Fork Gila 

River 100 25.4 25.4 13.0 13.0 12.4 12.4 

150400010506  Indian Creek Canyon 99 9.1 9.1 0 0 9.1 9.1 

150400010507  
Indian Creek Canyon-Middle Fork 

Gila River 100 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

150400010508  
Big Bear Canyon-Middle Fork Gila 

River 99 24.2 19.8 0 0 24.2 19.8 

1504000106  West Fork Gila River 99 61.8 57.2 25.4 25.2 36.4 32.0 
150400010601  White Creek 100 9.0 9.0 9.0 9.0 0 0 
150400010602  Headwaters West Fork Gila River 100 12.2 12.2 <0.1 <0.1 12.2 12.2 
150400010603  Little Creek 100 16.4 16.2 16.4 16.2 0 0 
150400010604  Outlet West Fork Gila River 96 24.2 19.8 <0.1 0 24.2 19.8 

1504000107  Outlet East Fork Gila River 99 41.8 39.0 0 0 41.8 39.0 
150400010701  Tom Moore Canyon 100 0 0 0 0 0 0 
150400010702  Headwaters Black Canyon 100 8.3 8.3 0 0 8.3 8.3 
150400010703  Apache Creek 100 0 0 0 0 0 0 
150400010704  Outlet Black Canyon 100 16.9 16.9 0 0 16.9 16.9 
150400010705  Black Canyon-East Fork Gila River 97 16.7 14.0 0 0 16.7 14.0 

1504000108  Sapillo Creek 98 11.8 7.6 11.8 7.6 0 0 
150400010801  Rocky Canyon 100 0 0 0 0 0 0 
150400010802  Rocky Canyon-Sapillo Creek 98 0.1 0.1 0.1 0.1 0 0 
150400010803  Lake Roberts-Sapillo Creek 98 1.3 0 1.3 0 0 0 
150400010804  Copperas Creek-Sapillo Creek 96 2.9 <0.1 2.9 <0.1 0 0 
150400010805  Sheep Corral Canyon-Sapillo Creek 100 7.6 7.6 7.6 7.6 0 0 

1504000109  Sapillo Creek-Gila River 96 75.2 72.2 <0.1 <0.1 75.2 72.2 
150400010901  Sapillo Creek-Gila River 100 16.4 16.4 <0.1 0 16.4 16.4 
150400010902  Hells Canyon-Gila River 100 9.2 9.2 0 0 9.2 9.2 
150400010903  Turkey Creek 100 16.9 16.6 0 0 16.9 16.6 
150400010904  Upper Mogollon Creek 100 13.4 13.4 0 0 13.4 13.4 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  
150400010905  Middle Mogollon Creek 88 3.3 2.2 0 0 3.3 2.2 
150400010906  Lower Mogollon Creek 75 0 0 0 0 0 0 
150400010907  Mogollon Creek-Gila River 98 15.9 14.4 0 0 15.9 14.4 

15040002  Upper Gila-Mangas 15 200.8 20.6 93.9 9.3 106.9 11.3 
1504000201  Bear Creek 63 30.4 8.3 30.4 8.3 0 0 

150400020101  Upper Bear Creek 88 11.0 8.1 11.0 8.1 0 0 
150400020102  Middle Bear Creek 74 5.1 0.2 5.1 0.2 0 0 
150400020103  Lower Bear Creek 27 14.4 0 14.4 0 0 0 

1504000202  Duck Creek 12 0 0 0 0 0 0 
150400020201  Headwaters Buckhorn Wash 21 0 0 0 0 0 0 
150400020203  Sacaton Creek 30 0 0 0 0 0 0 
150400020204  Headwaters Duck Creek 10 0 0 0 0 0 0 

1504000203  Mangas Creek 39 24.9 1.0 18.5 0.9 6.4 0.1 
150400020301  Willow Creek-Mangas Creek 41 7.9 0 7.9 0 0 0 
150400020302  McKeafer Canyon-Mangas Creek 31 3.4 0.1 3.4 0.1 0 0 
150400020303  Ash Spring Canyon-Mangas Creek 55 3.4 0.8 3.4 0.8 0 0 

150400020304  
Schoolhouse Canyon-Mangas 

Creek 30 10.2 0.1 3.8 0 6.4 0.1 

1504000204  Sycamore Creek-Upper Gila River 3 8.4 1.0 0.1 0 8.3 1.0 
150400020401  Bear Creek-Upper Gila River 12 8.4 1.0 0.1 0 8.3 1.0 

1504000205  Blue Creek 4 28.7 0 28.7 0 <0.1 0 
150400020501  Cherry Creek-Blue Creek 9 11.0 0 11.0 0 0 0 

1504000206  Blue Creek-Upper Gila River 25 28.8 10.2 0 0 28.8 10.2 
150400020601  Bear Canyon-Upper Gila River 88 9.0 7.5 0 0 9.0 7.5 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  
150400020602  Swan Canyon 56 0.4 0 0 0 0.4 0 
150400020603  Swan Canyon-Upper Gila River 29 8.0 2.7 0 0 8.0 2.7 
150400020607  Corral Canyon 3 0 0 0 0 0 0 

1504000208  Apache Creek-Gila River 5 28.2 0 0 0 28.2 0 
150400020804  Apache Creek 31 0 0 0 0 0 0 

15040003  Animas Valley 4 52.0 1.2 9.0 1.2 0 0 
1504000302  Headwaters Burro Cienega 16 5.6 1.2 5.6 1.2 0 0 

150400030201  Hall Draw-Burro Cienega 56 5.6 1.2 5.6 1.2 0 0 
150400030203  Ninetysix Creek 12 0 0 0 0 0 0 

1504000303  Outlet Burro Cienega <1 3.4 0 3.4 0 0 0 
150400030305  Jones Canyon-Burro Cienega <1 2.1 0 2.1 0 0 0 
150400030307  Walker Canyon 1 1.3 0 1.3 0 0 0 

1504000304  Lordsburg Draw 19 0 0 0 0 0 0 
150400030401  Gold Hill Canyon-Lordsburg Draw 21 0 0 0 0 0 0 
150400030402  Hoodoo Canyon-Lordsburg Draw 13 0 0 0 0 0 0 
150400030403  Headwaters Thompson Canyon 80 0 0 0 0 0 0 
150400030404  Outlet Thompson Canyon 21 0 0 0 0 0 0 
150400030405  Thompson Canyon-Lordsburg Draw 20 0 0 0 0 0 0 

15040004  San Francisco 61 654.4 202.6 460.5 123.4 193.9 79.2 
1504000401  Headwaters Tularosa River 94 28.7 9.1 26.5 8.7 2.2 0.4 

150400040101  Sand Flat Canyon 91 0 0 0 0 0 0 
150400040102  Canon Del Buey 100 <0.1 <0.1 <0.1 <0.1 0 0 
150400040103  Negro Canyon-Tularosa River 94 11.5 7.0 11.5 7.0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  
150400040104  Whiskey Creek 93 0 0 0 0 0 0 
150400040105  Hardcastle Canyon 95 0 0 0 0 0 0 
150400040106  Apache Creek 91 8.7 1.3 8.7 1.3 0 0 
150400040107  Apache Creek-Tularosa River 94 6.3 0.4 6.3 0.4 <0.1 <0.1 

150400040108  
Cold Springs Canyon-Tularosa 

River 96 2.1 0.4 0 0 2.1 0.4 

1504000402  OutletTularosa River 98 55.0 41.1 8.3 7.9 46.7 33.2 
150400040201  Long Canyon-Tularosa River 96 6.2 3.7 0 0 6.2 3.7 

150400040202  
Headwaters North Fork Negrito 

Creek 99 0 0 0 0 0 0 

150400040203  South Fork Negrito Creek 99 14.4 13.7 0 0 14.4 13.7 
150400040204  Outlet North Fork Negrito Creek 99 28.3 7.9 28.3 7.9 <0.1 <0.1 
150400040205  Sign Camp Canyon 100 0 0 0 0 0 0 
150400040206  Negrito Creek 99 12.4 10.5 <0.1 <0.1 12.4 10.5 
150400040207  Negrito Creek-Tularosa River 95 13.6 5.2 0 0 13.6 5.2 

1504000403  Centerfire Creek-San Francisco River 78 133.3 53.2 83.2 25.6 50.1 27.6 
150400040302  Trout Creek 60 15.3 13.6 15.3 13.6 <0.1 <0.1 
150400040303  Stone Creek-San Francisco River 61 20.8 5.1 12.2 0 8.6 5.1 
150400040304  Spur Draw 82 <0.1 0 0 0 <0.1 0 
150400040305  SA Creek 97 13.6 11.9 13.6 11.9 <0.1 0 
150400040306  Headwaters Centerfire Creek 95 11.1 7.7 0 0 11.1 7.7 
150400040307  Outlet Centerfire Creek 87 4.9 0.3 0 0 4.9 0.3 
150400040308  Big Canyon-San Francisco River 95 6.1 4.2 0 0 6.4 4.2 
150400040309  Starkweather Canyon 96 <0.1 0 0 0 <0.1 0 
150400040310  Largo Canyon 97 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

150400040311  
Cienega Canyon-San Francisco 

River 91 19.9 10.4 0 0 19.9 10.4 

1504000404  Deep Creek-San Francisco River 98 27.6 20.6 21.0 17.6 6.6 3.0 
150400040401  Headwaters Saliz Canyon 100 0 0 0 0 0 0 
150400040402  Outlet Saliz Canyon 98 <0.1 <0.1 <0.1 <0.1 0 0 
150400040403  Saliz Canyon-San Francisco River 96 14.8 11.0 8.2 8.0 6.6 3.0 
150400040404  Devils Creek 100 0 0 0 0 0 0 
150400040405  Deep Creek 96 0 0 0 0 0 0 
150400040406  Devils Creek-San Francisco River 97 12.8 9.6 12.8 9.6 0 0 

1504000405  Upper Blue River 14 176.1 9.1 167.0 9.1 0 0 
150400040502  Dry Blue Creek 76 9.2 8.7 0 0 0 0 
150400040503  Campbell Blue Creek 2 0 0 0 0 0 0 
150400040504  Centerfire Creek-Blue River 14 37.8 0.4 37.8 0.4 0 0 
150400040506  Steeple Canyon-Blue River 15 36.6 0 36.6 0 0 0 

1504000406  Pueblo Creek-San Francisco River 88 70.3 47.6 50.2 37.4 20.1 10.2 
150400040601  Upper Pueblo Creek 100 0 0 0 0 0 0 
150400040602  Lower Pueblo Creek 95 0 0 0 0 0 0 
150400040603  Keller Canyon 56 0 0 0 0 0 0 
150400040604  Vigil Canyon 78 0 0 0 0 0 0 
150400040605  Mineral Creek 92 29.4 22.3 29.4 22.3 <0.1 0 
150400040606  Wendy Flat-San Francisco River 89 8.0 1.8 1.5 0 6.5 1.8 
150400040607  Whitewater Creek 95 19.4 15.1 19.4 15.1 <0.1 0 

150400040608  
South Dugway Creek-San 

Francisco River 94 32.9 23.5 19.4 15.1 13.5 8.4 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Assessed Stream 
Miles 

Miles Meeting 
All Water 
Quality 

Standards 

Impaired 
Miles  

[303(d) 
listed] 

Total 
HUC  

Gila NF 
HUC  

Total 
HUC  

Gila 
NF 

HUC  
Total 
HUC  

Gila 
NF 

HUC  

1504000407  Lower Blue River <1 33.4 0 8.1 0 25.3 0 
150400040704  Little Blue Creek 1 5 0 0 0 0 0 

1504000408  Mule Creek-San Francisco River 50 98.4 22.2 87.1 17.2 11.3 5.0 
150400040801  Little Dry Creek 45 0 0 0 0 0 0 
150400040802  Big Dry Creek 98 0 0 0 0 0 0 
150400040803  Pine Cienega Creek 50 <0.1 0 0 0 <0.1 0 
150400040804  Upper Mule Creek 67 1.8 0 0 0 1.8 0 
150400040805  Lower Mule Creek 48 8.6 4.2 0 0 8.6 4.2 
150400040806  Citizen Canyon 62 0 0 0 0 0 0 

150400040807  
Big Pine Canyon-San Francisco 

River 99 18.4 17.9 17.6 17.2 0.8 0.7 

150400040808  Harden Cienega Creek 35 0 0 0 0 0 0 
150400040809  Coal Creek 10 0.6 0 0.6 0 0 0 
150400040811  Coalson Creek-San Francisco River <1 68.8 0 68.8 0 0 0 

1 Stream miles do not include miles through reservoirs or lakes 
2All 0 values indicate there are no impaired stream miles or waterbodies present 
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Table D6.  Causes of water quality impairment by subbasin 
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Plains of San Agustin Subbasin                  

Nester Draw 0 - - - - - - - - - - - - - - - - - - - - 

Y Canyon 0 - - - - - - - - - - - - - - - - - - - - 

Patterson 
Lake 

0 - - - - - - - - - - - - - - - - - - - - 

Elephant Butte Reservoir Subbasin                  

Headwaters 
Alamosa 

Creek 
0 - - - - - - - - - - - - - - - - - - - - 

Caballo Subbasin                  

Cuchillo 
Negro Creek 

0 - - - - - - - - - - - - - - - - - - - - 
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Palomas 
Creek-Rio 

Grande 
14.7 - - - - - - - - 14.7 0 - - - - - - - - - - 

Percha Creek 0 - - - - - - - - - - - - - - - - - - - - 

Caballo 
Reservoir 

33.6 - - 16.2 10.8 - - - - 6.6 0 - - - - - - - - - - 

El Paso-Las Cruces Subbasin                  

Cuervo 
Arroyo-Rio 

Grande 
11.9 - - - - - - - - - - 11.9 0 - - - - - - - - 

Mimbres Subbasin                  

Gallinas 
Canyon-
Mimbres 

River 

47.4 - - - - - - - - - - 11.9 0 8.7 11.9 21.6 5.6 - - - - 
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Headwaters 
San Vincente 

Draw 
1.9 - - - - - - - - - - - - 1.9 0 - - - - - - 

Outlet San 
Vincente 

Draw 
0 - - - - - - - - - - - - - - - - - - - - 

Lampbright 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 

Lampbright 
Draw-

Mimbres 
River 

20.9 - - - - 5.9 1.7 - - - - 13.3 0 - - 13.3 0 - - - - 

Macho Creek 0 - - - - - - - - - - - - - - - - - - - - 

Upper 
Seventysix 

Draw 
0 - - - - - - - - - - - - - - - - - - - - 



Appendix D. Water 

 
Gila National Forest Assessment Report – Final  868  

W
at

e
rs

h
e

d
 N

am
e 

To
ta

l I
m

p
ai

re
d

 S
tr

e
am

 M
ile

s 

Impaired Stream Miles by Cause of Impairment 

A
lu

m
in

u
m

 

B
e

n
th

ic
 

M
ac

ro
in

ve
rt

e
b

ra
te

 
C

o
m

m
u

n
it

y 

C
ad

m
iu

m
 a

n
d

 L
e

ad
 

C
o

n
d

u
ct

an
ce

 

D
is

so
lv

e
d

 O
xy

ge
n

 

E.
 c

o
li 

b
ac

te
ri

a 

N
u

tr
ie

n
ts

 a
n

d
 

Eu
tr

o
p

h
ic

at
io

n
 

Te
m

p
er

at
u

re
 

Tu
rb

id
it

y 
o

r 
Su

sp
e

n
d

e
d

 
Se

d
im

e
n

t 
C

o
n

ce
n

tr
at

io
n

 

Se
d

im
e

n
t 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

O
ff

 G
ila

 N
F 

O
n

 G
ila

 N
F 

Cow Spring 
Draw-

Seventysix 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 

Little Colorado Headwaters Subbasin                 

Coyote Creek 0 - - - - - - - - - - - - - - - - - - - - 

Carrizo Wash Subbasin                  

Rito Creek 0 - - - - - - - - - - - - - - - - - - - - 

Upper Largo 
Creek 

0 - - - - - - - - - - - - - - - - - - - - 

Agua Fria 
Creek 

0 - - - - - - - - - - - - - - - - - - - - 

LA Draw-
Cienega 
Amarilla 

0 - - - - - - - - - - - - - - - - - - - - 
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Upper Gila Subbasin                   

Railroad 
Canyon1 <0.1* - - - - - - - - - - - - - - <0.1* 0 - - - - 

Corduroy 
Canyon 

0 - - - - - - - - - - - - - - - - - - - - 

Beaver Creek 24.6 - - - - - - - - - - - - - - 22.2 2.4 - - - - 

Headwaters 
East Fork Gila 

River 
43.2 - - 3.0 6.4 - - - - - - - - 2.9 19.5 4.3 29.5 - - - - 

Middle Fork 
Gila River 

64.4 1.4 5.8 - - - - - - - - - - 1.0 13.1 2.1 48.2 - - - - 

West Fork 
Gila River 

36.4 - - 0 <0.1 - - - - - - - - - - 4.4 32.0 - - - - 
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Outlet East 
Fork Gila 

River 
41.8 - - 2.7 14.0 - - - - - - - - - - 0.1 25.0 - - - - 

Sapillo Creek 0 - - - - - - - - - - - - - - - - - - - - 

Sapillo Creek-
Gila River 

75.2 1.1 15.6 - - - - - - - - - - - - 1.9 56.6 - - - - 

Upper Gila Subbasin                   

Bear Creek 0 - - - - - - - - - - - - - - - - - - - - 

Duck Creek 0 - - - - - - - - - - - - - - - - - - - - 

Mangas 
Creek 

6.4 - - - - - - - - - - - - 6.3 0.1 6.3 0.1 - - - - 

Sycamore 
Creek-Upper 

Gila River 
15.9 - - - - - - - - - - - - - - 14.9 1.0 - - - - 
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Blue Creek <0.1 - - - - - - - - - - - - - - <0.1 0 - - - - 

Blue Creek-
Upper Gila 

River 
28.8 - - - - - - - - - - - - 9.4 10.2 18.6 10.2 - - - - 

Apache 
Creek-Gila 

River 
28.2 - - - - - - - - - - 28.2 0 - - - - 6.6 0 - - 

Animas Valley Subbasin                    

Headwaters 
Burro 

Cienega 
0 - - - - - - - - - - - - - - - - - - - - 

Outlet Burro 
Cienega 

0 - - - - - - - - - - - - - - - - - - - - 

Lordsburg 
Draw 

0 - - - - - - - - - - - - - - - - - - - - 
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San Francisco Subbasin                  

Headwaters 
Tularosa River 

2.2 - - - - - - - - - - 1.8 0.4 - - 1.8 0.4 1.8 0.4 - - 

Outlet 
Tularosa River 

46.7 - - - - - - - - - - 11.6 22.7 - - 13.5 33.2 10.9 8.9 - - 

Centerfire 
Creek-San 
Francisco 

River 

50.6 - - 5.4 9.3 - - 8.1 8.0 - - 17.6 18.3 8.1 8.0 19.2 30.6 13.8 18.3 8.1 8.0 

Deep Creek-
San Francisco 

River 
6.6 - - - - - - - - - - 3.6 3.0 - - - - - - - - 

Upper Blue 
River 

0 - - - - - - - - - - - - - - - - - - - - 
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Pueblo Creek-
San Francisco 

River 
20.1 - - 4.3 1.3 - - - - - - - - - - - - - - 5.5 8.9 

Lower Blue 
River 

25.3 - - - - - - - - - - 25.3 0 - - - - - - - - 

Mule Creek-
San Francisco 

River 
11.3 - - 0.1 0.7 - - - - 6.3 4.2 - - - - - - - - - - 

Total 658.1 2.5 21.4 31.7 42.5 5.9 1.7 8.1 8.0 27.6 4.2 113.3 44.4 38.3 62.8 144.2 232.6 33.1 27.6 13.6 16.9 
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Table D7.  The extent and distribution of springs and seeps and non-riverine wetlands by subbasin, watershed and subwatershed 

Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 

13020208  Plains of San Agustin 11 83 14 17 18 0 0 

1302020804  Nester Draw 3 32 0 0 0 0 0 

130202080401  Bear Canyon 38 5 0 0 0 0 0 

130202080404  Headwaters Nester Draw 3 6 0 0 0 0 0 

1302020806 Y Canyon 53 3 2 67 0 0 0 

130202080601  La Jolla Canyon 99 3 2 67 0 0 0 

130202080603 Y Canyon 42 0 0 0 0 0 0 

1302020807  Patterson Lake 38 30 12 40 18 0 0 

130202080701  Alamocito Creek 37 14 3 21 0 0 0 

130202080703  West Pasture Springs 1 3 0 0 0 0 0 

130202080704  Patterson Canyon 66 5 5 100 18 0 0 

130202080705  Dark Canyon 42 1 0 0 0 0 0 

130202080706  Patterson Lake 40 2 0 0 0 0 0 

130202080707  Long Canyon 96 2 2 100 0 0 0 

130202080708  T H Canyon 30 2 2 100 0 0 0 

13020211  Elephant Butte Reservoir 3 115 0 0 11,787 0 0 
1302021106  Headwaters Alamosa Creek 16 19 0 0 0 0 0 

130202110603  
Little Pigeon Canyon-Alamosa 

Creek 21 
0 0 0 0 0 0 

130202110606  Wahoo Canyon-Alamosa Creek 52 0 0 0 0 0 0 

130202110607  Sim Yaten Canyon-Alamosa Creek 16 0 0 0 0 0 0 

130202110608  Wildhorse Canyon 37 0 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 

13030101  Caballo 27 133 82 62 4,062 90 2 

1303010101  Cuchillo Negro Creek 32 33 21 64 7 0 0 

130301010101  Turkey Creek 85 8 8 100 0 0 0 

130301010102  Poverty Creek 48 1 0 0 0 0 0 

130301010103  Chloride Creek 76 5 5 100 0 0 0 

130301010104  South Fork Cuchillo Negro Creek 71 5 5 100 0 0 0 

130301010105  Monument Creek 30 5 1 20 0 0 0 

130301010106  
Monument Creek-Cuchillo Negro 

Creek 20 
5 2 40 0 0 0 

1303010102  Palomas Creek-Rio Grande 25 40 22 55 1,548 21 1 

130301010204  Mud Spring Canyon 100 3 3 100 0 0 100 

130301010205  Circle Seven Creek 96 1 1 100 19 19 100 

130301010206  North Fork Palomas Creek 56 15 13 87 0 0 0 

130301010207  South Fork Palomas Creek 57 7 5 71 2 2 100 

1303010103  Percha Creek 32 25 18 72 85 0 0 

130301010301  South Percha Creek 53 15 14 93 22 0 0 

130301010302  North Percha Creek 54 5 4 80 37 0 0 

1303010104  Caballo Reservoir 21 35 21 60 2,423 68 3 

130301010401  North Seco Canyon 76 4 4 100 8 8 100 

130301010403  Seco Creek 10 5 2 40 8 1 11 

130301010404  Holden Prong 100 3 3 100 1 1 100 

130301010405  Cave Creek 22 8 6 75 0 0 100 

130301010406  Headwaters Los Animas Creek 65 8 6 75 61 59 96 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
13030102  El Paso-Las Cruces 1 58 25 43 1,310 0 0 

1303010202  Cuervo Arroyo_Rio Grande 17 39 25 64 195 0 0 

130301020201  Trujillo Canyon Creek 33 16 15 94 23 0 0 

130301020203  Headwaters Tierra Blanca Creek 98 6 6 100 0 0 0 

130301020204  Outlet Tierra Blanca Creek 15 5 2 40 26 0 0 

130301020207  Jaralosa Creek 13 4 0 0 3 0 0 

130301020208  Headwaters Berenda Creek 37 4 2 50 2 0 0 

13030202  Mimbres 5 164 102 62 1,408 39 3 
1303020201  Gallinas Canyon-Mimbres River 74 67 64 96 468 39 8 

130302020101  Powderhorn Canyon-Mimbres River 99 10 10 100 39 39 100 

130302020102  Allie Canyon-Mimbres River 97 20 19 95 0 0 0 

130302020103  Sheppard Canyon-Mimbres River 81 10 8 80 59 0 0 

130302020104  Noonday Canyon 78 7 7 100 11 0 0 

130302020105  Noonday Canyon-Mimbres River 44 5 5 100 138 0 0 

130302020106  Gallinas Canyon 73 15 15 100 21 0 0 

1303020202  Headwaters San Vicente Draw 18 29 23 79 0 0 0 

130302020201  Rio de Arenas 6 2 0 0 0 0 0 

130302020203  Pipeline Draw-San Vicente Draw 16 3 2 67 0 0 0 

130302020204  Cameron Creek 54 22 21 95 0 0 0 

130302020205  Cameron Creek-San Vicente Draw <1 2 0 0 0 0 0 

1303020203  Outlet San Vicente Draw 1 9 1 11 0 0 0 

130302020302  Headwaters Whitewater Creek 3 6 1 17 0 0 0 

130302020305  Antelope Draw-San Vicente Draw 2 2 0 0 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
1303020204  Lampbright Draw 3 5 0 0 0 0 0 

130302020401  Headwaters Lampbright Draw 9 3 0 0 0 0 0 

1303020205  Lampbright Draw-Mimbres River 17 19 12 63 896 0 0 

130302020501  Gavilan Arroyo 40 5 4 80 20 0 0 

130302020502  Gavilan Arroyo-Mimbres River 39 11 8 73 188 0 0 

1303020208  Macho Creek 2 13 0 0 37 0 0 

130302020801  Upper Macho Creek 10 13 0 0 37 0 0 

1303020213  Upper Seventysix Draw 1 3 2 67 0 0 0 

130302021301  Whiterock Canyon 5 3 2 67 0 0 0 

1303020214  Cow Spring Draw-Seventysix Draw 2 1 0 0 0 0 0 

130302021402  Headwaters Cow Spring Draw 14 1 0 0 0 0 0 

15020001  Little Colorado Headwaters 3 168 5 3 1,016 0 0 
1502000103  Coyote Creek 9 16 5 31 52 0 1 

150200010301  Hay Vega 39 3 1 33 0 0 0 

150200010302  Canovas Creek-Coyote Creek 33 7 4 57 30 0 1 

15020003  Carrizo Wash 14 118 54 46 285 0 0 
1502000301  Rito Creek 13 35 21 60 107 0 0 

150200030101  Upper Mangas Creek 58 18 15 83 0 0 0 

150200030102  Middle Mangas Creek 17 6 0 0% 0 0 0 

150200030103  Lower Mangas Creek 7 1 0 0% 0 0 0 

150200030109  Escondido Creek 47 6 6 100% 0 0 0 

1502000302  Upper Largo Creek 76 16 9 56% 7 0 0 

150200030201  El Caso Spring Canyon 100 5 3 60% 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
150200030202  Sawmill Canyon-Largo Creek 91 8 5 63% 7 0 0 

150200030203  Paradise Canyon-Largo Creek 85 0 0 0% 0 0 0 

150200030204  Rito Creek-Largo Creek 35 3 1 33% 0 0 0 

1502000305  Agua Fria Creek 35 29 21 72% 5 0 0 

150200030501  Harris Creek-Agua Fria Creek 90 10 7 70% 1 0 0 

150200030502  Demetrio Creek 59 5 4 80% 0 0 0 

150200030503  Demetrio Creek-Agua Fria Creek 37 0 0 0% 0 0 0 

150200030504  Gatlin Lake 73 12 9 75% 0 0 0 

150200030505  Mangitas Creek 41 1 0 0% 0 0 0 

150200030506  Cerro La Mula 10 1 1 100% 4 0 0 

150200030507  Cerro La Mula-Agua Fria Creek 2 0 0 0% 0 0 0 

1502000307  LA Draw-Cienega Amarilla 5 16 3 19% 34 0 0 

150200030703  Cow Springs Draw 25 8 3 38% 0 0 0 

15040001  Upper Gila 84 196 184 94% 1,914 1,791 94 
1504000101  Railroad Canyon 16 10 8 80% 0 0 0 

150400010101  Upper Railroad Canyon 4 1 0 0% 0 0 0 

150400010102  Middle Railroad Canyon 41 3 2 67% 0 0 0 

150400010103  Lower Railroad Canyon 7 2 2 100% 0 0 0 

1504000102  Corduroy Draw 61 10 8 100% 0 0 0 

150400010201  Upper Corduroy Draw 22 1 0 60% 0 0 0 

150400010202  South Water Canyon 79 3 2 100% 0 0 0 

150400010203  Middle Corduroy Draw 49 2 2 0% 0 0 0 

150400010204  Lower Corduroy Draw 96 4 4 50% 0 0 0 

1504000103  Beaver Creek 54 5 3 60% 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
150400010301  Horse Camp Canyon 73 2 2 100% 0 0 0 

150400010302  Coyote Canyon 1 0 0 0% 0 0 0 

150400010303  O Bar O Canyon 46 1 0 0% 0 0 0 

150400010304  Houghton Canyon 92 0 0 0% 0 0 0 

150400010305  Houghton Canyon-Beaver Creek 79 2 1 50% 0 0 0 

1504000104  Headwaters East Fork Gila River 99 32 30 94% 153 140 91 

150400010401  150400010401 Hoyt Creek 99 8 8 100% 0 0 0 

150400010402  Taylor Creek 99 8 6 75% 0 0 0 

150400010403  Taylor Creek-Beaver Creek 99 2 2 100 0 0 0 

150400010404  Headwaters Diamond Creek 100 5 5 100 1 1 100 

150400010405  South Diamond Creek 100 2 2 100 3 3 100 

150400010406  Outlet Diamond Creek 100 1 1 100 44 44 100 

150400010407  
Diamond Creek-East Fork Gila 

River 99 
6 6 100 105 92 87 

1504000105  Middle Fork Gila River 100 26 24 92 716 705 98 

150400010501  T Bar Canyon 100 0 0 0 0 0 0 

150400010502  Gilita Creek 100 4 4 100 21 21 100 

150400010503  Snow Canyon 100 6 6 100 8 8 100 

150400010504  Canyon Creek 99 3 3 100 6 6 100 

150400010505  
Canyon Creek-Middle Fork Gila 

River 100 
1 1 100 263 263 100 

150400010506  Indian Creek Canyon 99 3 2 67 9 9 96 

150400010507  
Indian Creek Canyon-Middle Fork 

Gila River 100 
3 3 100 98 98 100 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 

150400010508  
Big Bear Canyon-Middle Fork Gila 

River 99 
6 5 83 310 300 97 

1504000106  West Fork Gila River 99 23 21 91 312 275 88 

150400010601  White Creek 100 6 6 100 11 11 100 

150400010602  Headwaters West Fork Gila River 100 2 2 100 15 15 100 

150400010603  Little Creek 100 3 3 100 2 2 94 

150400010604  Outlet West Fork Gila River 96 12 10 83 284 247 87 

1504000107  Outlet East Fork Gila River 99 19 18 95 413 384 93 

150400010701  Tom Moore Canyon 100 0 0 0 1 1 100 

150400010702  Headwaters Black Canyon 100 4 4 100 7 7 100 

150400010703  Apache Creek 100 1 1 100 1 1 100 

150400010704  Outlet Black Canyon 100 2 2 100 29 29 100 

150400010705  Black Canyon-East Fork Gila River 97 12 11 92 376 346 92 

1504000108  Sapillo Creek 98 25 24 96 19 19 100 

150400010801  Rocky Canyon 100 6 6 10 10 10 100 

150400010802  Rocky Canyon-Sapillo Creek 98 4 4 100 8 8 100 

150400010803  Lake Roberts-Sapillo Creek 98 7 6 86 0 0 100 

150400010804  Copperas Creek-Sapillo Creek 96 8 8 100 1 1 100 

150400010805  Sheep Corral Canyon-Sapillo Creek 100 0 0 0 1 1 100 

1504000109  Sapillo Creek-Gila River 96 56 56 100 301 269 89 

150400010901  Sapillo Creek-Gila River 100 9 9 100 88 88 100 

150400010902  Hells Canyon-Gila River 100 5 5 100 59 59 100 

150400010903  Turkey Creek 100 2 2 100 9 7 75 

150400010904  Upper Mogollon Creek 100 3 3 100 1 1 100 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
150400010905  Middle Mogollon Creek 88 11 11 100 0 0 100 

150400010906  Lower Mogollon Creek 75 23 23 100 6 0 3 

150400010907  Mogollon Creek-Gila River 98 3 3 100 138 114 83 

15040002  Upper Gila-Mangas 15 235 114 49 1,941 308 16 
1504000201  Bear Creek 63 56 46 82 1 0 0 

150400020101  Upper Bear Creek 88 23 21 91 0 0 0 

150400020102  Middle Bear Creek 74 18 14 78 0 0 0 

150400020103  Lower Bear Creek 27 15 11 73 1 0 0 

1504000202  Duck Creek 12 4 4 100 3 0 0 

150400020201  Headwaters Buckhorn Wash 21 0 0 0 0 0 0 

150400020203  Sacaton Creek 30 4 4 100 0 0 100 

150400020204  Headwaters Duck Creek 10 0 0 0 0 0 0 

1504000203  Mangas Creek 39 32 21 66 5 0 0 

150400020301  Willow Creek-Mangas Creek 41 11 8 73 0 0 0 

150400020302  McKeafer Canyon-Mangas Creek 31 4 4 100 0 0 0 

150400020303  Ash Spring Canyon-Mangas Creek 55 9 6 67 0 0 0 

150400020304  
Schoolhouse Canyon-Mangas 

Creek 30 
8 3 38 5 0 0 

1504000204  Sycamore Creek-Upper Gila River 3 8 3 38 709 41 6 

150400020401  Bear Creek-Upper Gila River 12 4 3 75 436 41 9 

1504000205  Blue Creek 4 7 0 0 3 0 0 

150400020501  Cherry Creek-Blue Creek 9 6 0 0 0 0 0 

1504000206  Blue Creek-Upper Gila River 25 56 26 46 742 267 36 

150400020601  Bear Canyon-Upper Gila River 88 20 20 100 326 264 81 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
150400020602  Swan Canyon 56 5 3 60 4 0 0 

150400020603  Swan Canyon-Upper Gila River 29 14 3 21 62 3 5 

150400020607  Corral Canyon 3 0 0 0 1 0 0 

1504000208  Apache Creek-Gila River 5 62 14 23 252 0 0 

150400020804  Apache Creek 31 19 14 74 0 0 0 

15040003  Animas Valley 4 29 19 66 2 0 0 
1504000302  Headwaters Burro Cienega 16 2 1 50 0 0 0 

150400030201  Hall Draw-Burro Cienega 56 1 1 100 0 0 0 

150400030203  Ninetysix Creek 12 0 0 0 0 0 0 

1504000303  Outlet Burro Cienega <1 1 0 0 0 0 0 

150400030305  Jones Canyon-Burro Cienega <1 0 0 0 0 0 0 

150400030307  Walker Canyon 1 0 0 0 0 0 0 

1504000304  Lordsburg Draw 19 20 18 90 0 0 0 

150400030401  Gold Hill Canyon-Lordsburg Draw 21 3 3 100 0 0 0 

150400030402  Hoodoo Canyon-Lordsburg Draw 13 4 4 100 0 0 0 

150400030403  Headwaters Thompson Canyon 80 9 8 89 0 0 0 

150400030404  Outlet Thompson Canyon 21 1 1 100 0 0 0 

150400030405  Thompson Canyon-Lordsburg Draw 20 3 2 67 0 0 0 

15040004  San Francisco 61 912 319 35 2,836 490 17 
1504000401  Headwaters Tularosa River 94 68 51 75 351 29 8 

150400040101  Sand Flat Canyon 91 2 2 100 3 0 0 

150400040102  Canon Del Buey 100 3 1 33 0 0 0 

150400040103  Negro Canyon-Tularosa River 94 6 5 83 11 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
150400040104  Whiskey Creek 93 17 8 47 0 0 0 

150400040105  Hardcastle Canyon 95 8 4 50 0 0 0 

150400040106  Apache Creek 91 12 11 92 17 12 70 

150400040107  Apache Creek-Tularosa River 94 4 4 100 298 8 3 

150400040108  
Cold Springs Canyon-Tularosa 

River 96 
16 16 100 21 9 40 

1504000402  OutletTularosa River 98 44 42 95 133 37 28 

150400040201  Long Canyon-Tularosa River 96 8 8 100 25 11 42 

150400040202  
Headwaters North Fork Negrito 

Creek 99 
10 9 90 0 0 0 

150400040203  South Fork Negrito Creek 99 5 5 100 0 0 0 

150400040204  Outlet North Fork Negrito Creek 99 2 2 100 0 0 0 

150400040205  Sign Camp Canyon 100 10 10 100 0 0 0 

150400040206  Negrito Creek 99 3 3 100 1 0 22 

150400040207  Negrito Creek-Tularosa River 95 6 5 83 107 27 25 

1504000403  Centerfire Creek-San Francisco River 78 185 84 45 537 91 17 

150400040302  Trout Creek 60 17 6 35 1 0 0 

150400040303  Stone Creek-San Francisco River 61 25 11 44 72 3 4 

150400040304  Spur Draw 82 3 3 100 0 0 0 

150400040305  SA Creek 97 12 12 100 0 0 0 

150400040306  Headwaters Centerfire Creek 95 3 3 100 35 1 3 

150400040307  Outlet Centerfire Creek 87 11 9 82 50 4 9 

150400040308  Big Canyon-San Francisco River 95 5 4 80 116 5 4 

150400040309  Starkweather Canyon 96 11 10 91 5 0 0 

150400040310  Largo Canyon 97 9 8 89 0 0 0 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 

150400040311  
Cienega Canyon-San Francisco 

River 91 
20 18 90 258 78 30 

1504000404  Deep Creek-San Francisco River 98 39 38 97 120 86 72 

150400040401  Headwaters Saliz Canyon 100 18 18 100 0 0 100 

150400040402  Outlet Saliz Canyon 98 0 0 0 1 1 100 

150400040403  Saliz Canyon-San Francisco River 96 5 4 80 44 36 81 

150400040404  Devils Creek 100 0 0 0 0 0 0 

150400040405  Deep Creek 96 16 16 100 0 0 0 

150400040406  Devils Creek-San Francisco River 97 0 0 0 74 49 66 

1504000405  Upper Blue River 14 128 4 3 607 0 0 

150400040502  Dry Blue Creek 76 17 2 12 0 0 0 

150400040503  Campbell Blue Creek 2 10 0 0 138 0 0 

150400040504  Centerfire Creek-Blue River 14 8 1 13 141 0 0 

150400040506  Steeple Canyon-Blue River 15 20 1 5 215 0 0 

1504000406  Pueblo Creek-San Francisco River 88 52 44 85 245 175 71 

150400040601  Upper Pueblo Creek 100 7 7 100 24 24 100 

150400040602  Lower Pueblo Creek 95 8 8 100 126 126 100 

150400040603  Keller Canyon 56 4 1 25 0 0 100 

150400040604  Vigil Canyon 78 5 2 40 3 0 0 

150400040605  Mineral Creek 92 6 5 83 0 0 0 

150400040606  Wendy Flat-San Francisco River 89 0 0 0 38 7 19 

150400040607  Whitewater Creek 95 11 10 91 0 0 100 

150400040608  
South Dugway Creek-San 

Francisco River 94 
11 11 100 54 17 32 
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Hydrologic Unit 
Code (HUC) 

Subbasin (HUC8, 4th Code), 
Watershed (HUC10, 5th Code) & 

Subwatershed (HUC12, 6th Code) 
Name 

Gila NF 
HUC % 

Springs and Seeps 
(Number) 

Non-Riverine 
Wetlands (Acres) 

Total 
HUC  

Gila NF 
HUC  

Gila 
NF % 
HUC  

Total 
HUC  

Gila 
NF 

HUC  

Gila 
NF 
% 

HUC 
1504000407  Lower Blue River <1 215 0 0 240 0 0 

150400040704  Little Blue Creek 1 18 0 0 0 0 0 

1504000408  Mule Creek-San Francisco River 50 118 56 47 402 71 18 

150400040801  Little Dry Creek 45 4 3 75 0 0 0 

150400040802  Big Dry Creek 98 6 6 100 1 1 100 

150400040803  Pine Cienega Creek 50 2 2 100 0 0 0 

150400040804  Upper Mule Creek 67 11 9 82 0 0 0 

150400040805  Lower Mule Creek 48 1 1 100 0 0 0 

150400040806  Citizen Canyon 62 22 4 18 20 0 0 

150400040807  
Big Pine Canyon-San Francisco 

River 99 
32 30 94 72 70 98 

150400040808  Harden Cienega Creek 35 1 0 0 17 0 0 

150400040809  Coal Creek 10 2 1 50 0 0 0 

150400040811  Coalson Creek-San Francisco River <1 31 0 0 186 0 0 
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Table D8.  Average annual precipitation by subbasin and watershed 
 Watershed Area Average Annual Precipitation (inches) 

Watershed Name Total (acres) Gila NF (acres) % Gila NF 
Watershed 

Average 

Gila NF 
Watershed 

Average 

Percent of 
Average on 

Gila NF 
Plains of San Agustin Subbasin  11 15.0 17.6 13 

Nester Draw 169,190 5,328 3 15.6 19.7 4 
Patterson Lake 207,398 78,514 38 15.2 17.4 44 
Y Canyon 97,476 52,140 38 17.0 17.7 60 

Elephant Butte Reservoir Subbasin1  3 40,451 3 13.0 
Headwaters Alamosa 
Creek 257,399 40,451 16 16.1 17.4 17 

Caballo Subbasin  27 14.8 20.3 37 
Caballo Reservoir 247,026 52,993 21 15.2 23.4 34 
Cuchillo Negro Creek 236,142 76,046 32 14.5 17.8 41 
Palomas Creek-Rio 

Grande 234,606 57,833 25 13.5 17.9 33 
Percha Creek 77,379 24,763 32 18.1 25.5 48 

El Paso-Las Cruces Subbasin  1 10.9 21.4 5 
Cuervo Arroyo-Rio 
Grande 226,938 37,572 17 14.2 21.4 26 

Mimbres Subbasin1  5 13.1 24.0 14 
Cow Spring Draw-

Seventysix Draw 184,549 3,070 2 12.1 19.5 3 
Gallinas Canyon-

Mimbres River 205,881 151,448 74 23.2 24.9 80 
Headwaters San 

Vicente Draw 144,197 26,072 18 17.5 21.2 25 
Lampbright Draw 92,105 2,351 3 16.0 21.2 4 
Lampbright Draw-

Mimbres River 124,477 20,713 17 16.5 23.0 23 
Macho Creek 213,735 3,641 2 12.4 20.3 3 
Outlet San Vicente 

Draw 160,634 1,684 1 15.1 21.5 2 
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 Watershed Area Average Annual Precipitation (inches) 

Watershed Name Total (acres) Gila NF (acres) % Gila NF 
Watershed 

Average 

Gila NF 
Watershed 

Average 

Percent of 
Average on 

Gila NF 
Upper Seventysix 

Draw 114,409 1,313 1 12.5 19.0 2 
Little Colorado Headwaters Subbasin  3 17.9 20.5 3 

Coyote Creek 147,501 13,510 9 14.5 20.5 13 
Carrizo Wash Subbasin  14 13.3 16.4 18 

Agua Fria Creek 218,968 76,850 35 14.9 16.7 41 
LA Draw-Cienega 

Amarilla 160,256 7,918 5 14.0 22.0 8 
Rito Creek 279,878 37,218 13 14.2 15.7 16 
Upper Largo Creek 98,300 75,156 76 15.2 15.8 85 

Upper Gila Subbasin  84 20.6 21.2 89 
Beaver Creek 147,638 79,799 54 17.8 18.0 67 
Corduroy Draw 111,118 68,279 61 17.4 18.2 66 
Headwaters East 

Fork Gila River 193,943 192,473 99 21.1 21.1 99 
Middle Fork Gila 

River 218,844 218,128 >99 21.7 21.7 99 
Outlet East Fork Gila 

River 104,412 103,887 99 21.8 21.8 99 
Railroad Canyon 89,105 14,046 16 17.0 17.0 16 
Sapillo Creek 110,693 108,907 98 22.4 22.4 99 
Sapillo Creek-Gila 

River 189,860 181,341 96 22.5 22.6 97 
West Fork Gila River 103,948 102,439 99 21.6 21.6 >99 

Upper Gila-Mangas Subbasin  15 15.8 19.0 19 
Apache Creek-Gila 

River 237,306 12,270 5 14.8 18.8 7 
Bear Creek 103,985 65,069 63 20.2 21.6 70 
Blue Creek 88,931 3,428 4 16.4 20.0 5 
Blue Creek-Upper 

Gila River 186,504 46,732 25 14.9 16.1 28 
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 Watershed Area Average Annual Precipitation (inches) 

Watershed Name Total (acres) Gila NF (acres) % Gila NF 
Watershed 

Average 

Gila NF 
Watershed 

Average 

Percent of 
Average on 

Gila NF 
Duck Creek 144,993 16,862 12 18.1 22.3 15 
Mangas Creek 130,597 50,698 39 17.3 17.4 42 
Sycamore Creek-

Upper Gila River 121,829 3,601 3 16.8 17.9 4 
Animas Valley Subbasin  4 13.6 16.6 5 

Headwaters Burro 
Cienega 109,203 17,666 16 14.2 17.0 20 

Lordsburg Draw 221,184 41,617 19 13.8 16.4 23 
Outlet Burro Cienega 179,037 291 <1 13.2 16.3 <1 

San Francisco Subbasin  61 20.7 20.6 64 
Centerfire Creek-San 

Francisco River 267,108 207,266 78 20.5 19.8 81 
Deep Creek-San 

Francisco River 153,321 149,537 98 21.1 21.1 98 
Headwaters Tularosa 

River 225,391 211,838 94 17.3 17.3 94 
Lower Blue River 198,105 277 <1 20.3 23.8 <1 
Mule Creek-San 

Francisco River 244,422 121,064 50 19.8 20.8 53 
OutletTularosa River 184,206 180,493 98 22.9 22.9 98 
Pueblo Creek-San 

Francisco River 226,379 198,993 88 22.4 22.4 92 
Upper Blue River 198,049 27,915 14 23.4 21.8 13 

Subbasin Totals   17 14.5 20.4 24 
Watershed Totals 8,388,553 3,271,497 39 17.3 20.4 46 

1PRISM does not cover Mexico; precipitation values reflect only the portion of the subbasin within the United States 
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Appendix E.  Economic Contribution 
Analysis Methods and Data 
The economic contribution analysis uses IMPLAN Professional Version 3.0 with 2014 data. IMPLAN is an 
input-output model that uses linkages in a regional economy to estimate the economic impact of an event 
or policy change. The economic contribution analysis also uses Apheleia, a Forest Service tool that serves 
as an interface with IMPLAN. Apheleia translates resource inputs (e.g., AUMs and recreation visits) into 
economically-meaningful units for consistency with IMPLAN.  

Recreation 
The recreation section of the economic contribution analysis uses visit estimates from the third round of 
the National Visitor Use Monitoring program (NVUM) survey for the Gila NF. These data were collected in 
fiscal year 2011. The NVUM data are the best available information on recreational use of National Forest 
System (NFS) lands. The total number of recreation visits are from round 3 (FY11) data, however, segment 
shares were not reported in the Gila NF’s round 3 NVUM report. Therefore, round 2 (FY06) segment shares 
are combined with round 3 (FY11) local and non-local visitation data to estimate segment shares. The 
segment shares used in the economic contribution analysis are listed in Table E1. 

 Table E1.  Visitation by type on the Gila NF  
Visit Type Number of Visits Share 

Local Day 237,470 46% 

Local Overnight - on NF 36,750 7% 

Local Overnight - off NF 8,480 2% 

Non-Local Day 69,390 14% 

Non-Local Overnight - on NF 55,510 11% 

Non-Local Overnight - off NF 37,010 7% 

Non-primary 69,390 13% 

Total 514,000 100% 

 

The segment shares are necessary for the economic contribution analysis because visitor spending varies 
between local and non-local visitors as well as between day and overnight use. Forest Service visitor 
expenditure estimates are from White et al 2013.  

Average visitor spending (per trip) in 2014 dollars is: 
 Local day visitors: $36.54 

 Local overnight visitors, lodging on public land: $179.82 

 Local overnight visitors, lodging off public land: $235.72 

 Non-local day visitors: $69.34 

 Non-local overnight visitors, lodging on public land: $258.35 

 Non-local overnight visitors, lodging off public: $569.08 

Dollar values were converted from their original 2009 dollars to 2014 dollars using the Bureau of Labor 
Statistics’ consumer price index calculator (BLS 2014).  
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Grazing 
Livestock grazing data were retrieved from the Forest Service’s Natural Resource Manager (NRM) 
database. Three-year averages of animal unit months (AUMs), by livestock category, were used to minimize 
the effect of short-term variations in authorized livestock grazing use. Table E2 contains the livestock 
grazing data used in the economic contribution analysis.   

Table E2.  Annual number of Animal Unit Months on the Gila NF  
Year Authorized Cattle 

AUMs 
Authorized Horse & 
Burro AUMs 

Authorized Sheep & 
Goat AUMs 

2015 227,903 3,217 0 

2014 213,317 3,657 0 

2013 247,378 3,861 0 

Note: from NRM’s RMSTR11L report on 12/4/15. 

To estimate the economic contributions of livestock grazing on the Gila National Forest, we follow the 
methodology developed and used by the BLM as part of the annual Department of the Interior economic 
report (DOI 2014). This method uses data from the Census of Agriculture, American Community Survey, 
and IMPLAN to improve the accuracy of employment and income estimates. In particular, this method 
enables the consideration of unpaid family labor, which would not be included in a typical IMPLAN analysis. 
See DOI 2014 for additional details on the methodology.  

 

Minerals 
Minerals data are compiled by the Forest Service’s Washington Office – Ecosystem Management 

Coordination group. The most recent data are from fiscal year 2013. Three-year averages are used to 

minimize the effect of short-term variations in mineral removal. Therefore, the economic contribution 

analysis uses the average of 2011 – 2013 mineral removal.  

Table E3.  Mineral removal on the Gila NF 
Mineral Units 2013 2012 2011 

Crushed stone Short tons 6,171 9,923 32,822 

Construction sand 
and gravel 

Short tons 93 745 273 

 

Mineral price data are from the U.S. Geological Survey (USGS). The USGS annually updates commodity 
price statistics. In 2014, a metric ton of crushed stone was $10.15 (a metric ton is equivalent to 1.1 short 
tons). A short ton of construction sand and gravel as $7.70 (USGS 2015). Due to small quantities of minerals 
removed from the Gila National Forest, these activities do not result in measurable economic 
contributions.  
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Timber 
Forest Service timber harvest data are contained in cut and sold reports, which are updated quarterly. The 
economic contribution analysis used the average timber harvest between 2013 and 2015, by timber class. 
Table E4 displays the timber data used in the Gila NF’s economic contribution analysis.  

Table E4.  Timber harvested on the Gila NF 
Timber Class 2015 2014 2013 

Softwood 
Sawtimber (CCF) 

18,534 2,375 4,616 

Softwood Pulp 
(CCF) 

8,885 44 132 

Hardwood 
Sawtimber (CCF) 

N/A N/A N/A 

Hardwood Pulp 
(CCF) 

N/A N/A N/A 

Poles/Latillas (CCF) 2,961 170 119 

Posts/Vigas (CCF) 437 4,201 5,627 

Fuelwood (CCF) 7,147 6,146 6,266 

All products by 
bushel (limbs, 
boughs, needles) 

130 41 308 

Pinyon nuts (Lbs.) 1,500 750 0 

Plants (each) 136 253 129 

 

In addition to harvest volumes, information on who removes the timber and how it is processed are inputs 
to the economic contribution analysis. Tables E5 and E6 provide this information for the Gila National 
Forest.  

Table E5.  Percent of timber products harvested  
  % Distribution by Sector of Timber Harvested in Study Area 

for each Product 

  Softwood    All 

Description Types of 
Products 
Shipped 

Sawtimber Pulp Poles Posts Fuelwood Other 
Products 

Logging Camps and Logging 
Contractors (How much is removed 
by those outside of the study area? 
This number should equal the 
percent removed by all contractors 
minus share removed by those 
outside the study area.) 

logs/pulp 
exported out 
of area, 
untreated 
posts/poles 

99.9% 100% 0% 0% 0% 0% 

Households (How much is removed 
by those households in the study 
area? This number should equal the 
percent removed by all households 
minus share removed by those 
outside the study area.) 

personal use .1% 0% 100% 100% 100% 100% 
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Table E6.  Types of products shipped from harvested timber  
  % Distribution by Sector of Timber Processed in the Study Area for 

each Product 

  Softwood    All 

Description Types of Products 
Shipped 

Sawtimber Pulp Poles Posts Fuelwood Other 
Products 

Sawmills and 
Planing Mills, 
General 

lumber/cants, bolts, 
woodchips 

100    0 0 

Wood 
Preservation 

all treated pdts   0 0 0 0 

Reconstituted 
Wood Products 

particleboard, 
fiberboard, hardboard, 
OSB 

 0   0 0 

Veneer and 
Plywood 

veneer, plywood 0    0 0 

Engineered 
Wood Members 

trusses, arches 0    0 0 

Wood Windows 
and Doors 

 0    0 0 

Cut Stock molding, doors, shutters 0    0 0 

Other millwork, 
including flooring 

furniture/flooring 
dimension stock, handle 
blanks 

0    0 0 

Wood Containers wood boxes, flats, 
baskets, casks, crates 
and pallets 

0    0 0 

Prefabricated 
Wood Buildings 

residential/ farm bldgs, 
sections, & panels 

0    0 0 

Miscellaneous 
Wood Product 
Manufacturing 

wood dowels, wood 
handles, toothpicks 

0    0 0 

Pulp Mills pulp only  0   0 0 

Paper and 
Paperboard Mills 

paper of all types  0   0 0 

Paperboard 
Container 
Manufacturing 

paper boxes, containers, 
cartons, tubes 

 0   0 0 

 

Payments to States and Counties 
The Gila National Forest makes payments to states and counties through two chief mechanisms – 
Payments-in-Lieu-of-Taxes (PILT) and the Secure Rural Schools (SRS) program. Table E7 displays payments 
by program and county between 2013 and 2015. SRS data for 2015 were not available at the time of this 
analysis, therefore, only 2013 and 2014 data are displayed.  



Appendix E.  Economic Contribution Analysis Methods and Data 

 
Gila National Forest Assessment Report – Final  893  

The Department of the Interior compiles PILT information (DOI 2015). The Forest Service compiles SRS 
data (USFS 2015). The SRS figures presented here include Titles I, II, and III funding from ASR 18-01. The 
Catron County figures include both the proclaimed Gila National Forest and Apache National Forest, which 
is administered in New Mexico by the Gila National Forest.  

Table E7.  Amount of annual payments by county and type   

 

PILT and SRS funds are distributed to the schools and general government sectors in IMPLAN to calculate 
the employment and income contributions.  

Forest Service Expenditures 
The Forest Service spends budget allocations on employee and contractor salaries, goods, and services 

needed to manage national forests. Table E8 provides information on the number of employees (both 

full-time equivalents and other than full-time equivalents) in 2015 as well as salary and non-salary 

expenditures between 2013 and 2015.  

Table E8.  Number of employees and expenditures (salary and non-salary) on the Gila NF 
 2015 2014 2013 

# FTEs 148   

# other than FTE   70   

Salary expenditures $13,631,134 $12,693,355 $12,580,947 

Non-salary expenditures $  7,386,329  $  7,013,031 $  6,817,892 

 

The economic contributions of these expenditures are modeled in IMPLAN using both a range of 
household spending patterns and government spending.  

 2015 2014 2013 

PILT Catron County: $619,691 
Grant County: $2,078,740 
Hidalgo County: $745,488 
Sierra County: $1,205,512   
Total: $4,649,431 
 
 

Catron County: $636,506 
Grant County: $2,061,555 
Hidalgo County: $768,743 
Sierra County: $1,203,605 
Total: $4,670,409 

Catron County: $593,448 
Grant County: $1,837,491 
Hidalgo County: $703,549   
Sierra County: $1,056,769 
Total: $4,191,257 

SRS Catron County: ND 
Grant County: ND 
Hidalgo County: ND 
Sierra County: ND 
Total: 
 

Catron County: $2,107,965.31 
Grant County: $796,473.35 
Hidalgo County: $5,184.47 
Sierra County: $313,147.03 
Total: $3,222,770.16 
 

Catron County: $2,283,200.24 
Grant County: $822,643.85 
Hidalgo County: $6,770.79 
Sierra County: $344,739.29 
Total: $3,457,354.17 
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Appendix F.  Mineral Withdrawals 
   
Table F1.  List of mineral withdrawals on the Gila National Forest  

Name Number Acres District Legal 

Antelope AS PLO 2830 
NM 094303 

 
30 

 
     7 

S34, T17S 
R13W 

Apache Adm. Site #1 NM 43867  
40 

 
     3 

S28, T5S 
R17W 

Apache Adm. Site #2 PLO 2830 
NM 094303 

 
20 

   
     4 

S36, T11S 
R18W 

Bearwallow Lookout Adm. Site PLO 1890 
NM 023643 

 
20 

 
     4 

S11, T10S 
R18W 

Beaverhead Adm. Airstrip PLO 2830 
NM 094303 

 
160 

 
     2 

S25, 26, T10S 
R13W 

Beaverhead Adm. Site PLO 1413 
NM 024939 

 
34.39 

 
     2 

S7, Lots 3,4, 
T10S, R12W 
S12, T10S 
R13W 

Beaverhead Work Center PLO 2830 
NM 094303 

 
100 

 
     2 

S19, T10S 
R12W 

Ben Lilly Monument & 
 Recreation Area 

PLO 1119 
NM 012318 

 
40 

 
     7 

S24, T16S 
R14W  

Ben Lilly Recreation Area PLO 1119 
NM 012318 

 
80 

 
     7 

S33, 34, 
T10S, R17W 

Black Mountain Adm. Site PLO 4643 
NM 0556981 

 
20 

 
2 

S6, T11S 
R13W 

Black Range Adm. Site PLO 1413 
NM 024939 

 
145.33 

 
2 

Lots 8-11, 
T16S R8W 

Bob Cat Adm. Site PLO 1230 
NM 016370 

 
20 

 
7 

S7, T7S 
R12W 

Bursum Campground PLO 4643 
NM 0556981 

 
40 

 
4 

S2, T11S 
R18W 

Cat Springs Lookout PLO 1230 
NM 016370 

 
80 

 
3 

S16, 21, 
T3S, R15W 

Cherry Creek Recreation Area PLO 1038 
NM 015227 

 
152.5 

 
7 

S8, 17, 18, 
T16S R13W 

Copperas-Cliff Dwellings 
Roadside Zone 

PLO 4643 
NM 0556981 

  
5 

S8, 16, 17, 20, 21, 28, 
32, 33, T13S R13W 
S4, 5, 8, 9, 20, 29, 32, 
T14S R13W 
S25, 25, 36, 
T12S R14W 

Cottonwood Canyon PLO 1230   S10, T8S 
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Name Number Acres District Legal 

Forest Camp NM 016370 40 6 R20W 

Eagle Peak Lookout PLO 1230 
NM 016370 

 
40 

 
6 

S22, T7S 
R17W 

East Fork Recreation Area PLO 4643 
NM 0556981 

 
60 

 
5 

S8, T13S 
R13W 

El Caso Lookout PLO 1230 
NM 016370 

 
40 

 
3 

S27, T2S 
R16W 

Emory Pass Recreation Area PLO 1890 
NM 023643 

 
20 

 
2 

S15, T16S 
R9W 

Escudillo Ranger Station 
Administrative Site 

PLO 1230 
NM 016370 

 
120 

 
3 

S26, T4S 
R21W 

Forks Recreation Area PLO 4643 
NM 0556981 

 
100 

 
5 

S8, T13S 
R13W 

Fort Bayard Adm. Site  PLO 1290 
NM 021067 

 
155.7 

 
7 

Tracts A & B, 
T17S R13W 

Fox Mountain Lookout PLO 1230 
NM 016370 

 
40 

 
3 

S3, T3S 
R18W 

Gila River Bird Area PLO 5513 
NM 12720 

 
2495.93 

 
7 

S9, 10, 16, 17, 21, 27, 
28, 32, 33, T17S R17W 

Gila Riverside Streamside Zone PLO 4643 
NM 0556981 

 
291 

 
7 

S25, T12S R14W 
S4, 8, 17, 20, T13S 
R13W 

Glenwood Ranger Station 
Adm. Site #31 

SO 11/26/1906 
PLO 1119 
NM 012318 
PLO 1393 

 
114.73 

 
4 

S26, 27, 34, 
T11S R20W 

Granite Peak Adm. Site PLO 2830 
NM 094303 

 
40 

 
5 

S10, T13S 
R15W 

Grapevine Recreation Area PLO 4643 
NM 0556981 

 
20 

 
5 

S8, T13S R13W 

Grouse Mountain Adm. Site PLO 2830 
NM 094303 

 
20 

 
4 

S20, 21, T11S 
R18W 

Hillsboro Lookout PLO 2830 
NM 094303 

 
25 

 
2 

S4, T16S R9W 

Hinkle Park Adm. Site PLO 1230 
NM 016370 

 
40 

 
4 

S5, 8, T8S R21W 

Hood Adm. Site & Addition PLO 3768 
NM 46841 

 
450.08 

 
6 

S11, T7S R19W 

Holt Adm. Site PLO 2830 
NM 094303 

 
20 

 
4 

S2, T12S R19W 

Hwy 12, Roadside Zone PLO 1230 
NM 016370 

 
1014 

 
3 & 6 

S34-36, T4S R16W 
S3, 4, 9, T5S R16W 
S2, 10,11, T6S R18W 
S36, T6S R19W 
S1,3,4,8,11, 17, 18, 
T7S R19W 
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Name Number Acres District Legal 

S27-30, T4S R15W 
S25, T4S R16W 
S7, T5S R16W 
S13, 14, 21, 22, 28, 
31-33, T5S R17W 

Hwy 180, Roadside Zone PLO 1230 
NM 016370 

 
3 & 6 

 
3, 4, 6 

S13, 24, 25, T6S R21W 
S34, T7S R20W 
S5-7, 17, 18 20, 29, 32, 
T9S R20W 
S31, 32, T6S R20W 
S5, 6, 8-11, 13, 14, 24-
26, 
35, T7S R20W 
S21, 22, 28, 32, 33, 
T8S R20W  

Hwy 32, Roadside Zone PLO 1230 
NM 0163370 

 
3 & 6 

 
3, 6 

S16, 21, 28, 33,  
T1S R17W 
S13, 24, 25, 36, T3S 
R18W 
S1,12, 13, 23, 25, 
T4S R18W 
S5, 8, T5S R17W 
S17, 20, 21, T5S R17W 

Indian Creek Recreation Area PLO 1119 
NM 012318 

 
160 

 
6 

S28, 29, 32, 
T10S R17W 

Iron Creek Recreation Area PLO 1119 
NM 012318 

 
130 

 
7 

 
S17-20, T16S R9W 

Jewett Ranger Station 
Adm. Site 

PLO 1230 
NM 016370 

 
80 

 
3 

 
S8, T4S R17W 

John Kerr Lookout PLO 1230 
NM 016370 

 
100 

 
6 

 
S10, T6S R16W 

Kingston Recreation Area PLO 1038 
NM 015227 

 
16 

 
2 

 
S18, T16S R8W 

Lake Roberts Recreation Area PLO 4643 
NM 0556981 

718.56  
5 

S35, T14S, R13W 
S1, 2, T15S R13W 

Little Walnut Picnic Ground 
Recreation Area 

PLO 1119 
NM 012318 

 
160 

 
7 

 
S3, 10, T17S R14W 

Lookout Mountain Adm. Site PLO 2830 
NM 094303 

 
20 

 
2 

 
S18, T11S, R9W 

Luna Ranger Station #1 SO 11/26/1907 37.5 3 S32, T5S R20W 

Luna Ranger Station #2 SO 11/26/1906 
PLO 1230 
NM 46826 

160  
3 

 
S32, T5S R20W 

Mangas Mountain Lookout PLO 1230 
NM 016370 

 
40 

 
3 

 
S16, T3S, R14W 

Mangas Ranger Station PLO 1230    
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Name Number Acres District Legal 

Adm. Site NM 016370 40 3 S36, T2S R15W 

McKnight Adm. Site PLO 2830 
NM 094303 

 
20 

 
5 

 
S35, T14S, R10W 

Mimbres Administrative Site PLO 1413 
NM 024939 
PLO 3768 

 
80 

 
5 

 
S7, T16S R11W 

Mimbres Summer Home & 
Recreation Area 

PLO 1038 
NM 024939 

 
160 

 
5 

 
S31, 32, T15S R11W 

Mogollon Baldy Adm. Site PLO 2830 
NM 094303 

 
40 

 
5 

 
S10, T12S, R17W 

Negrito Administrative Airstrip PLO 1413 
NM 024939 

 
200 

 
6 

 
S13, T9S R17W 

Negrito Tower Picnic Ground 
& Recreation Area 

PLO 1119 
NM 012318 
PLO 3768 

 
20 

 
6 

 
S2, T10S R17W 

Nursery Station #66 SO 1/30/1907 
NM 46830 

 
158 

 
7 

S2, T11S R19W 

O Bar O Administrative Site PLO 1413 
NM 024939 

 
40 

 
6 

 
S2, 3, T11S R15W 

Pine Flat Recreation Area PLO 1119 
NM 012318 

 
40 

 
7 

 
S29, T15S R13W 

Power Site Classification No. 327, 
8/18/41 

771 4 S2-4, 23, 26, 35, 
T11S R20W 

Pueblo Park Forest Camp PLO 1230 
NM 016370 

80 4 S24, T8S R21W 

Reeds Peak Adm. Site PLO 2830 
NM 094303 

 
40 

 
2 

 
S23, T13S R10W 

Reserve Adm. Airstrip PLO 2830 
NM 094303 

 
120 

 
6 

S18, T7S R18W 
S13, T7S R20W 

Reserve Ranger Station 
Adm. Site 

PLO 1230 
NM 094303 
PLO 3768 

 
27.52 

 
6 

 
S11, T7S R19W 

Rocky Canyon Recreation Area PLO 1038 
NM 015227 

 
160 

 
5 

S7, 8, T14S R11W  

Saddle Mountain Lookout PLO 1230 
NM 015227 

 
160 

 
4 

S15, 16, T8S R21W 

San Carlos Indian Irrigation Project  2382 7 S5-8, 18, T18S R17W 

Scorpion Corral Recreation Area PLO 4643 
NM 0556981 

 
120 

 
5 

 
S26, T12S R14W 

Signal Peak Adm. Site PLO 1119 
NM 012318 

 
40 

 
7 

 
S15, T18S R13W 

Snow Creek Adm. Site PLO 1119 
NM 012318 

 
40 

7 S18, T15S R14W 

Southwestern Congregational 
Churches Camp and Recreation 
Area 

PLO 1038 
NM 015227 

 
160 

 
5 

 
S36, T15S R12W 
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Name Number Acres District Legal 

TJ Administrative Site PLO 2655 
NM 070229 

 
107 

 
5 

 
S25, T12S R14W 

Tularosa Administrative Camp Site PLO 1230 
NM 016370 

 
120 

 
6 

 
S32, 33, T5S R17W 

Upper and Lower Black Canyon 
Campground Recreational Area 

PLO 1119 
NM 012318 

 
206.44 

 
5 

S7, T13S R11W 
S12, T12S R12W 

Upper End Campground 
(Lake Roberts RA) 

PLO 5511 
NM 10953 

 
80 

 
5 

 
S2, T15S R13W 

Walnut Creek Administrative Site PLO 1218 
NM 01813 

 
240 

 
7 

 
S10, T17S R14W 

White Creek Administrative Site PLO 1119 
NM 012318 
PLO 3788 

 
40 

 
5 

 
S1, T12S R16W 

Whitewater Forest Camp and 
Recreation Area 

PLO 1119 
NM 012318 

 
155.05 

 
4 

S4, 5, 6, T11S, R19W 

White Water Forest Camp and 
Extension (Catwalk) 

PLO 4643 
NM 0556981 

 
751.512 

 
4 

S4, 5, 6, T11S R19W 

Willow Creek Administrative Site PLO 1119 
NM 012318 

 
110 

 
6 

 
S34, T10S R17W 

Willow Creek Recreation Area PLO 1119 
NM 012318 

 
250 

 
6 

 
S26, 34, 35, T10S R17W 

Wright’s Cabin Forest Camp and 
Recreation Area 

PLO 1119 
NM 012318 

 
120 

 
5 

 
S16, T16S R9W 

Water Power   
28046 

 
4 & 7 

S19-21, 25-31, 35, 36, 
T10S R19W 
S3-10, 15, 
T11S R19W 
S18, 19, 30, 31, 32, 
T12S R13W 
S13, 22-26, 36,  
T12S R14W 
S3-10, 17-20, 30, 32, 33, 
T13S R13W 
S24-27, 33-36, 
T13S, R14W 
S3-5, 7-10, 15-21, 28-30, 
32, 33 T14S R14W 
S7, 13-29, T14S R15W 
S11-16, 19-24, 28, 29, 
T14S R16W 
S32, T17S R17W 
S5-8, 18, T18S R17W 
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Appendix G. Species Justifications 
 

Species of Conservation Concern – Considered but do not merit inclusion as a 
species of conservation concern on Gila NF 

Information on the 55 species listed below shows that the best available scientific information indicates 
there is not substantial concern about the species' capability to persist over the long term in the plan area. 

Justifications 

Birds 
Northern Goshawk (Accipiter gentilis) occurs in ponderosa pine forest to mixed-conifer with aspen ERUs.  
The species is a forest habitat generalist that uses a wide variety of forest ages, structural conditions, and 
successional stages that is well distributed across Gila NF north to south, and east to west. Threats include 
timber harvest practices, uncharacteristic fires, fire suppression, and predation.  Current management 
practices have alleviated threats from timber removal and are designed to help improve habitat through 
the northern goshawk guidelines. These guidelines will be carried forward into the new forest plan. It 
occurs within ERUs that are highly departed; however, there is approximately 1,478,614 acres of these 
ERUs present on the Gila NF, most of which contain suitable habitat conditions for the goshawk. Local 
trends for the species shows that it is stable on Gila NF (USDA FS Gila NF 2012), and relatively stable to 
increasing in the western United States (Sauer 2014). Although the species occurs in ERUs that are highly 
departed, there is a large amount of suitable habitat and local trends show that the population is stable 
to increasing and therefore not considered at risk for persistence on the Forest. 

American Peregrine Falcon (Falco peregrinus anatum) occurs in rock/talus/scree/cliffs from shrubland to 
mixed-conifer.  This species is relatively well distributed across the Gila NF occupying rough cliff habitat, 
particularly in wilderness areas.  It is protected from most threats through wilderness designations as well 
as inaccessible cliff habitat.  Threats may include environmental toxins, habitat loss through mining or 
mineral development, human disturbance, and illegal take (falconry) (NatureServe 2016). Legal take is 
permitted for New Mexico residents with a Master Falconers license (NMDGF 2012). Wilderness area 
designations and cliff habitat provide protections from most threats and cliff habitat has not likely 
departed from reference conditions, plus trend is relatively stable to slightly increasing (NatureServe 2016, 
Sauer 2014), therefore the species is not considered at risk for persistence on the Forest. 

Bald Eagle (Haliaeetus leucocephalus) utilizes large trees or cliffs near lakes or reservoirs.  Only one 
nesting pair is known on the Gila NF at Quemado Lake.  Prior to this nesting pair, they were only known to 
be common winter residents on the Gila NF. Threats to the species include biocide contamination, human 
disturbance, reduced food supply, and illegal shooting. Bald eagles are known to tolerate human 
disturbance so long as it is not directed at them.  They have nested and successfully fledged young at 
Quemado Lake in spite of human activities, as the District has put use restrictions in the area of the nesting 
pair during the breeding season.  Populations are relatively stable to increasing (IUCN 2016, NatureServe 
2016, Sauer 2014) and is a common winter resident on the Gila NF, so this species is not considered at risk 
for persistence on the Forest. 

Abert's Towhee (Melozone aberti) occurs in desert woodlands/chaparral.  Preferred habitat consists of 
woodlands and thickets usually along rivers and streams, such as the brushy understory of cottonwood-
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willow gallery forests and mesquite bosques (Tweit and Finch 1994). ERUs that could provide habitat 
include Arizona alder-willow, desert willow, sycamore-Fremont cottonwood, Fremont cottonwood-oak, 
and Fremont cottonwood-shrub. These ERUs are in low to moderate departure. There is no evidence this 
species has ever been found outside its current range in NM (BISON-M 2016). The species has rarely been 
found along the Gila River at the Gila Bird Area, which is near the northern limit for this species (BISON-M 
2016). Threats to the species include habitat loss, modification, and fragmentation through agricultural 
development and other human uses. They can be heavily parasitized by brown-headed cowbirds. The Gila 
Bird Area and Gila River Research Natural Area may offer some protections from management activities 
and other threats.  Trend appears to be relatively stable (NatureServe 2016) to slightly increasing (Sauer 
2014) range-wide, and ERUs are in low to moderate departure therefore not considered to be at risk for 
persistence on the Forest. 

Common Black Hawk (Buteogallus anthracinus) occurs in mature, well developed riparian forests near 
permanent streams, particularly areas with mature cottonwoods.  ERUs that could provide habitat include 
Arizona alder-willow, desert willow, Arizona walnut, sycamore-Fremont cottonwood, Fremont 
cottonwood-oak, and Fremont cottonwood-shrub. These ERUs are in low to moderate departure. The 
species is relatively well distributed at lower elevations of the major river systems of the Gila NF including 
the San Francisco, Gila, and Mimbres River drainages, as well as the east side of the Black Range in Animas 
and Seco Creeks. Threats include loss of perennial streams and riparian habitat, particularly cottonwood 
bosques. Many of these areas are already provided protection for the management of threatened and 
endangered species that often occur within these habitat types. Populations have increased since the 
1970s and reproductive success from 2000 to 2011 has increased (Shook and Walkup 2012). Populations 
appear to be stable to increasing (IUCN 2016, NatureServe 2016, Shook and Walkup 2012). Because of the 
reasons mentioned above, this species is not considered at risk for persistence on the Gila NF. 

Bank Swallow (Riparia riparia) occurs in riparian corridors with banks suitable for building burrows.  ERUs 
that could provide habitat include Arizona alder-willow, desert willow, Arizona walnut, sycamore-Fremont 
cottonwood, Fremont cottonwood-oak, and Fremont cottonwood-shrub. These ERUs are in low to 
moderate departure. Threats include habitat alteration/elimination from flood and erosion control 
projects (riprap), streamflow regulation, and climate change may exclude NM from summer habitation 
(NatureServe 2016). Populations appear to be slightly increasing in the western US since 1996, but there 
is no Breeding Bird Survey data specifically for New Mexico (Sauer 2014).  These birds are rare transients 
on the Gila NF (Zimmerman 1995), and they may use the Gila NF as a stop over on their way to summer 
breeding grounds, utilizing open or partly open areas, usually near flowing water (NatureServe 2016) or 
riparian ERUs.  Since these ERUs are in low to moderate departure and the species only passes through to 
its breeding grounds, then it is not considered at risk for persistence on the Gila NF.  

Bell's Vireo (Vireo bellii) occurs in desert shrubland/woodlands in lowland stream courses. ERUs that 
could provide habitat include Arizona alder-willow, desert willow, Arizona walnut, sycamore-Fremont 
cottonwood, Fremont cottonwood-oak, and Fremont cottonwood-shrub. These ERUs are in low to 
moderate departure. This species has been found in the lower Gila and lower San Francisco valleys. Threats 
include loss or fragmentation of dense shrubby/woody riparian habitats from urbanization, agriculture, 
grazing, firewood cutting, flood control, and reservoir construction, as well as high rates of brood 
parasitism and predation (NatureServe 2016).  There are currently protections for threatened and 
endangered species habitat where this species occurs that would also benefit this species which has likely 
alleviated some threats.  Population trend for this species appears stable to slightly increasing (Sauer 
2014), and Shook (2015) shows a significant increase of this species in the Gila Bird Area. Therefore, this 
species is not considered at risk for persistence on the Gila NF. 
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Blue-throated Hummingbird (Lampornis clemenciae) occurs in open stands of creosote and large 
succulents, as well as within cottonwoods along desert stream courses. ERUs that could provide habitat 
include semi-desert grassland, Arizona alder-willow, desert willow, Arizona walnut, sycamore-Fremont 
cottonwood, Fremont cottonwood-oak, and Fremont cottonwood-shrub. These ERUs are in low to 
moderate departure with the exception of semi-desert grassland that is highly departed from reference 
conditions.  They are rare summer residents of the Gila NF (Zimmerman 1995).  No major impacts are 
documented for this species, but habitat degradation from logging, grazing, mining, water diversion or 
introduction of non-native plants may affect their habitat.  These threats are offset due to the species 
commonly nesting in altered habitats by placing nests on buildings or other structures (NatureServe 2016). 
Species has been found from the town of Mogollon, southeast to the Mimbres Valley and Pinos Altos (e-
Bird 2016). Population trends show relatively stable to increasing range-wide (NatureServe 2016, IUCN 
2016).  Therefore, this species is not considered at risk for persistence on the Gila NF. 

American goldfinch (Spinus tristis) is a fairly common winter resident on Gila NF (Zimmerman 2011; 
NatureServe 2016). This species inhabits weedy cultivated lands, grasslands, shrublands, woodlands, and 
riparian areas (NatureServe 2016). The grassland, shrubland, woodland and riparian ERUs this species may 
inhabit are in low to moderate departure except for the Colorado Plateau-Great Basin Grasslands ERU 
which is highly departed from reference conditions. The habitat is distributed throughout the Gila NF with 
species detections occurring from the town of Kingston in the southeast, west and north to the village of 
Reserve (e-Bird 2016). This species uses the Gila NF during the winter and is showing an increasing 
population trend in New Mexico (Sauer et al. 2014). Habitat is well distributed and suitable for wintering 
birds, and the population in New Mexico appears to be increasing. Therefore, this species is not considered 
to be at risk for persistence on the Gila NF. 

Eastern bluebird (Sialia sialis) is a rare winter resident on the Gila NF (Zimmerman 1995). It tends to use 
forest edges, open woodlands, and partly open situations with scattered trees (NatureServe 2016). On the 
Gila NF, it utilizes piñon/juniper woodlands, piñon/juniper grassland, and riparian ERUs that are in low to 
moderate departure.  These ERUs are well distributed across the Gila NF with detections near the southern 
and eastern periphery of the forest boundary (e-Bird 2016). Habitat is well distributed and suitable for 
wintering birds, and the population appears to be fairly stable in the western region and increasing survey-
wide (Sauer 2014). Therefore, this species is not considered to be at risk for persistence on the Gila NF. 

Ferruginous hawk (Buteo regalis) is an uncommon winter resident on the Gila NF (Zimmerman 1995; 
NatureServe 2016). It uses open country like prairies, plains, grasslands, and the periphery of piñon-
juniper and other woodlands, while tending to avoid dense vegetation (NatureServe 2016). On the Gila 
NF, this translates into use of grassland and woodland ERUs.  These ERUs are in low to moderate departure 
from reference conditions, except for Colorado Plateau-Great Basin and Semi-Desert Grasslands which are 
highly departed from reference conditions. These ERUs are well distributed across the Gila NF and there 
are detections across the forest (e-Bird 2016). Habitat is well distributed and suitable for wintering birds, 
and the population is increasing in New Mexico (Sauer 2014). Therefore, this species is not considered to 
be at risk for persistence on the Gila NF. 

Lincoln’s sparrow (Melospiza lincolnii) is an uncommon winter resident and common transient through 
the Gila NF (Zimmerman 1995; NatureServe 2016). They may use the Gila NF as a stop over on their way 
to summer breeding grounds, utilizing herbaceous wetlands, riparian areas, and shrubby woodland areas 
(NatureServe 2016). This would include several woodland, shrubland, and riparian ERUs, all of which are 
in low to moderate departure. Habitat is well distributed and suitable for wintering or transient birds and 
the population in New Mexico is increasing (Sauer 2014). Therefore, this species is not considered to be 
at risk for persistence on the Gila NF. 
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Northern harrier (Circus cyaneus) is an uncommon winter resident and transient through the Gila NF 
(Zimmerman 1995, NatureServe 2016)). They may use the Gila NF as a stop over on their way to summer 
breeding grounds, utilizing herbaceous wetlands, grasslands, meadows, or cultivated fields (NatureServe 
2016). Woodland and grassland ERUs this species would utilize are in low to moderated departure, except 
for Colorado Plateau and Semi-Desert grasslands which are highly departed. Habitat is well distributed and 
suitable for wintering or transient birds, and the population in New Mexico is stable to slightly increasing 
(Sauer 2014). Therefore, this species is not considered to be at risk for persistence on the Gila NF. 

Savannah sparrow (Passerculus sandwichensis) is identified as an uncommon winter resident and a fairly 
common transient through the Gila NF (Zimmerman 1995; NatureServe 2016). It uses grasslands, 
herbaceous wetlands, and riparian areas, and tend to avoid areas with extensive tree cover (NatureServe 
2016). This species utilizes grassland and riparian ERUs on the Gila NF that are in low to moderate 
departure from reference conditions, with the exception of Colorado Plateau-Great Basin Grassland ERU 
that is highly departed. Habitat is well distributed and suitable for wintering or transient birds. Although 
the population in New Mexico is slightly decreasing (Sauer 2014), there is sufficient suitable habitat for 
the birds to use during the winter and for birds passing through the Gila NF. The species is present when 
they are normally not subject to impacts from management activities and therefore not considered to be 
at risk for persistence on the Gila NF. 

Wilson’s warbler (Wilsonia pusilla) are common transients through the Gila NF (Zimmerman 1995; 
NatureServe 2016). Habitat includes semi-open areas in moist woodlands, bogs with scattered trees, 
willow and alder thickets, and areas with similar vegetation structure. Winter habitats include semi-open 
or lightly wooded areas, such as the canopy, openings, and edges of forests, second growth, brushy fields, 
and yards (NatureServe 2016). They may use the Gila NF as a stop over on their way to summer breeding 
grounds, utilizing riparian or woodland ERUs that are in low to moderate departure. Habitat is well 
distributed and suitable for transient birds. Although the population in New Mexico is slightly decreasing 
(Sauer 2014), there is sufficient suitable habitat for the birds to use for birds passing through the Gila NF. 
The species pass through over a short period of time and are normally not subject to impacts from 
management activities and therefore not considered to be at risk for persistence on the Gila NF. 

Marsh wren (Cistothorus palustris), Wilson’s phalarope (Phalaropus tricolor) are species that are strongly 
associated with herbaceous wetlands as important habitat. Marsh wren is a non-breeding winter resident 
while Wilson’s phalarope is identified as a rare transient through the Gila NF (NatureServe 2016; 
Zimmerman 1995). The herbaceous wetland ERU has low departure from reference conditions on the 
2,485 acres occurring on the Gila NF.  Neither of these species has trend data available for the State of 
New Mexico, but nationwide they have a stable to increasing trend (Sauer 2014). In general, these species 
are mostly observed migrating through or using the Gila NF during the winter and are not normally subject 
to impacts from management activities. Therefore, these species are not considered to be at risk for 
persistence on the Gila NF. 

Black swift (Cypseloides niger), Osprey (Pandion haliaetus), and Ring-necked duck (Aythya collaris) are 
all species that are strongly associated with water as an important part of their habitat. Black swift tend 
to occupy sites in bare rock or cliffs near waterfalls (NatureServe 2016). This habitat is not likely departed 
from reference conditions.  The Breeding Bird Survey (Sauer 2014) does not have trend data specifically 
for New Mexico, but shows that this species is declining in all areas nation-wide except for the Northern 
Rockies region. Osprey and ring-necked duck require larger and deeper bodies of water as part of their 
habitat. Neither species has trend data specifically for New Mexico, but they both show an upward trend 
across the western United States (Sauer 2014). All of these species are either transient species or non-
breeding residents on the Gila NF (NatureServe 2016; Zimmerman 1995).  In general, these species are 
mostly observed migrating through or using the Gila NF during the winter and are not normally subject to 



Appendix G. Species Justifications 

 
Gila National Forest Assessment Report – Final  903  

impacts from management activities. Therefore, these species are not considered to be at risk for 
persistence on the Gila NF. 

Brown-crested flycatcher (Myiarchus tyrannulus) is fairly well distributed in the San Francisco, Gila, and 
Mimbres River drainages (e-Bird 2016). Habitat it uses may consist of open woodland, situations with 
scattered trees, plantations, riparian woodland, second growth, scrub and mangroves, primarily in arid or 
semi-arid habitats (NatureServe 2016). It may occur in several of the woodland and riparian ERUs, all of 
which are in low to moderate departure from reference conditions on the Gila NF. Population trends show 
an increase in the western United States (Sauer 2014), with a significant increase in numbers on the Gila 
NF in the Gila Birding Area (Shook 2015). For these reasons, this species is not considered to be at risk for 
persistence on the Gila NF. 

Gray vireo (Vireo vicinior) are found in hot, arid regions, most often associated with juniper trees 
(Juniperus spp.), piñon pine (Pinus edulis), or oak (Quercus spp.) in piñon-juniper savannahs and 
woodlands (NMDGF 2007). All woodland ERUs on the Gila NF provide habitat for the species which 
amounts to 1,282,507 acres well distributed across the forest, and are in low to moderate departure. The 
species has been documented from the Burro Mountains, north to Quemado Lake (e-Bird 2016). Threats 
to the species have been identified as habitat alteration through a variety of different activities that 
facilitate tree removal, as this species will not use areas lacking trees (NMDGF 2007). Brood parasitism by 
Brown-headed Cowbirds (Molothrus ater) is a threat for Gray Vireo nests, and may well be a major limiting 
factor of the vireo in New Mexico, as cited by (Barlow et al. 1999; DeLong and Williams 2006; Hanna 1944; 
Friedmann 1963) in NMDGF 2007. In four studies in New Mexico, cowbird brood-parasitism of Gray Vireos 
ranged from 24 – 71% of nests, of which three quarters of the nests were abandoned (DeLong and Williams 
2006 in NMDGF 2007). While this species is a rare summer resident on the Gila NF (Zimmerman 2011), 
their population trend on the Gila NF and in the region are stable to increasing (Sauer 2014). Habitat is 
abundant and well distributed across the Gila NF and population trends are stable to increasing on the 
Gila NF and in the region. Therefore, this species is not considered to be at risk for persistence on the Gila 
NF.  

Pinyon jay (Gymnorhinus cyanocephalus) is widely distributed across the Gila NF (e-Bird 2016) and 
commonly found (Zimmerman 1995; e-Bird 2016). Pinyon Jays are predominantly associated with piñon-
juniper habitat, due to the species' tightly co-evolved relationship with piñon pines. In New Mexico, Pinyon 
Jays are associated primarily with Colorado pinyon (Pinus edulis). The species may be found in foothills 
throughout the state, wherever large blocks of piñon-juniper woodland habitat are present (NMPIF 2007). 
It occurs in woodlands with piñon pine, but may also occur in pine/oak woodlands as well as shrubland 
ERUs on the Gila NF which amount to 1,763,121 acres well distributed across the Gila NF.  All of these ERUs 
are in low to moderate departure (Chapter 2: Upland Vegetation). Balda (2002 as cited in PIF 2007) 
suggests major declines in numbers may have occurred 40-70 years ago due to habitat conversion. These 
declines in numbers have been associated with legacy actions (i.e. chaining) that are no longer practiced 
on the Gila NF. Habitat may also be degraded by poorly planned woodland thinning and tree removal 
efforts. Overall decline of this habitat may be due to drought and bark beetle infestation (NMPIF 2007), 
but Insect and Disease Surveys for the Gila NF in 2016 showed bark beetle mortality was fairly low with 
most mortality to ponderosa pine and most prevalent to post-fire effects within the recent large fires. 
Although the species population is experiencing declines rangewide, it is still common across the Gila NF, 
habitat is abundant, well distributed, in low to moderate departure, and legacy actions are no longer 
practiced. At this time this species is not considered to be at risk for persistence on the Gila NF. However, 
continued monitoring of the species on Gila NF lands should be carried forward into the new forest plan 
as a possible monitoring item.  
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Yellow-eyed junco (Junco phaeonotus) has been found in the Burro Mountains (e-Bird 2016; Zimmerman 
pers. comm. 2016), where it is believed to be breeding since the mid 2000s.  However, there is a belief 
that they may be hybrids between yellow-eyed junco and dark-eyed junco (e-Bird 2016). They tend to 
occupy mixed-coniferous forest and ponderosa pine forest, including areas with pine-oak associations. 
They are generally found at higher elevations, but may be found at mid-elevations where conifer forest is 
present in canyons (NMPIF 2007). In winter, they often move to lower elevations and flock in foothill 
woodland and scrublands (NMPIF 2007). The ERUs this species could use include all the shrubland and 
woodland ERUs in the winter, plus Ponderosa Pine-Evergreen Oak Forest, Ponderosa Pine Forest, Mixed-
Conifer with Frequent Fire, and Mixed-Conifer with Aspen the rest of the year. These ERUs are in low to 
moderate departure, except for Ponderosa Pine Forest that is highly departed. The majority of the Gila NF 
provides habitat for this species, but the species northern extent occurs in the Burro Mountains. Threats 
to the species has been identified as loss or degradation to its breeding habitat, with a particular 
vulnerability to catastrophic wildfire (NMPIF 2007). There is no data on population trends in the United 
States, but this species appears to be expanding its range as it was only known from the Animas and 
Peloncillo Mountains in the bootheel of New Mexico (BISON-M 2016) until relatively recently. Habitat is 
abundant and well distributed across the Gila NF. Because of these reasons, this species is not considered 
to be at risk for persistence on the Gila NF.   

Fish 
Desert Sucker (Catostomus clarkia) typical habitat consists of small to medium rivers with pools and 
riffles; individuals occur mainly over bottoms of gravel-rubble with sandy silt in interstices (Sublette et al. 
1990). These suckers avoid or are unable to persist in reservoirs and lakes (Minckley and Marsh 2009).   In 
New Mexico threats include stream/river dewatering and invasion of non-native fish, particularly red 
shiner (NatureServe 2016, IUCN 2016), flathead catfish, and smallmouth bass (J. Monzingo pers. comm. 
2016). This species is well distributed and still occurs in most streams it was present in historically in the 
Gila and San Francisco River drainages. Even though their trend appears to be declining over the last 10 
years (Paroz et al. 2006) on the Gila NF, this species was the third most collected fish species during this 
study. This decline could be attributed to a multitude of factors including prolonged drought, ash flows 
and increased sediment from wildfires, non-native predatory fish, scouring floods, and flood control 
structures (Paroz et al.2006). In New Mexico their trend is categorized as stable (Sublette et al. 1990, 
NatureServe 2016, IUCN 2016). Although there appears to be a decline in the species over the last 10 years 
on the Gila NF, this species is ubiquitous in its historic drainages and not considered at risk for persistence 
on the Forest. 

Sonora Sucker (Catostomus insignis) is typically found in gravelly or rocky pools of creeks and small to 
medium rivers (Page and Burr 2011). Threats to this species include alteration of historic flow regimes, 
reservoir construction, increased sedimentation eliminating pool habitat, nonnative species, post fire 
effects, and stream diversions (J. Monzingo pers. comm. 2016). This species is well distributed and still 
occurs in most streams it was present in historically in the Gila and San Francisco River drainages. Even 
though their trend appears to be declining over the last 10 years (Paroz et al. 2006) on the Gila NF, this 
species was the second most collected fish species during this study. The short term trend in New Mexico 
shows a decline of <30% to relatively stable, and long-term decline of <30% to an increase of 25% 
(NatureServe 2016). Although there appears to be a decline in the species over the last 10 years on the 
Gila NF, this species is ubiquitous in its historic drainages and not considered at risk for persistence on the 
Forest. 

Rio Grande Cutthroat Trout (Oncorhynchus clarki virginalis) occurs only in Animas Creek.  The species is 
currently extirpated from the creek because of the 2013 Silver Fire ash flows and scouring floods, but there 
are plans to repatriate the stream in the next few years. Threats generally include reduced streamside 
cover due to grazing, timber activities, uncharacteristic wildfire, hybridization with non-native salmonids, 
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habitat fragmentation, stream intermittency, and competition. Once the stream is repatriated with this 
species, most threats will have been largely reduced or eliminated for the species on the Gila NF.  
Populations should then begin to increase and stabilize once repatriated as there will be no competition 
or hybridization occurring.  Upon repatriation, with most threats reduced or eliminated, this species 
should not be considered at risk for persistence on the Forest. 

Invertebrates 
Dashed Ringtail (dragonfly) (Erpetogomphus heterodon) occurs in clear, rocky, mountain streams and 
rivers. Only the adult form of this species has been found in 2 rivers in southwestern New Mexico.  It is not 
known what the larvae look like or any life functions or habitat requirements are for this species 
(NatureServe 2016). Specific threats are not known, but likely include anything that can destabilize stream 
flow (NatureServe 2016).  Nothing is known about abundance, distribution, or trends for this species on 
the Gila NF. Information for this species is lacking to evaluate whether or not the species is at risk for 
persistence on the Gila NF. 

Mayfly (Leucrocuta petersi) has been found in warm, medium sized rivers. It occurs in rivers with silt 
covered rocks and sandy bottoms, and is known from the Gila River drainage (NatureServe 2016).  Specific 
threats are not known, but likely anything that can destabilize stream flow (NatureServe 2016).  Nothing 
is known about abundance, distribution, or trends for this species on the Gila NF. Information for this 
species is lacking to evaluate whether or not the species is at risk for persistence on the Gila NF. 

Notodontid Moth (Oligocentria delicata) has been historically found in oak/juniper/pine woodlands.  This 
species is a regional endemic species that occurs mostly on the Coronado NF, with a few populations 
occurring in neighboring New Mexico (NatureServe 2016). There is a historic record of the species 
occurring in Grant County, but there is no specific location given (Lott and Naberhaus 2015). Nothing is 
known about abundance, distribution, or trends for this species on the Gila NF. Information for this species 
is lacking to evaluate whether or not the species is at risk for persistence on the Gila NF.  

Arizona Snaketail (dragonfly) (Ophiogomphus arizonicus) occurs in pine woodland streams. It has been 
found in swift mountain streams with silt that provide larval habitat.  The species is reasonably widespread 
and locally common throughout its range (NatureServe 2016).  It has been found in the Gila and San 
Francisco River drainages.  Specific threats are not known but may include anything that causes stream 
destabilization; however, National Forests have some level of protection from threats (NatureServe 2016).  
Abundance and trend on the Gila NF is not known, but populations range-wide appear to be relatively 
stable to stable (IUCN 2016, NatureServe 2016), and there is no indication of population decline (IUCN 
2016). In summary, range-wide populations appear stable, species is reasonably widespread, they can be 
locally common, and National Forests have some level of protection from threats. Therefore, this species 
is not considered to be at risk for persistence on the Gila NF. 

Four-spotted Skipperling Skipper (butterfly) (Piruna polingii) occurs in moist meadows and streamside in 
conifer woodlands.  ERUs this species may occur in include upper montane conifer/willow, herbaceous 
wetland, narrowleaf cottonwood/shrub, ponderosa pine forest, mixed-conifer with frequent fire, mixed-
conifer with aspen, and spruce-fir forest.  Ponderosa pine forest is highly departed, while the rest of the 
ERUs are in low to moderate departure from reference conditions (Chapter 2: Upland Vegetation). This 
species has been found from Emory Pass, north and west, to Willow Creek on Reserve RD, and south to 
the Pinos Altos Range. Threats may include uncharacteristic wildfire or management activities that could 
dry out sites.  The species is not well studied and much is not known about the life functions or habitat 
requirements including what host plant the larvae use (Zimmerman 2001).  Range-wide trend for this 
species shows a decline of <30% to relatively stable (NatureServe 2016). Nothing is known about 
abundance or trends for this species on the Gila NF. Information for this species is lacking to evaluate 



Appendix G. Species Justifications 

 
Gila National Forest Assessment Report – Final  906  

whether or not the species is at risk for persistence on the Gila NF, particularly since the larval host plant 
is not known.  

Dry Creek Woodlandsnail (Ashmunella tetrodon tetrodon) is found in Dry Creek Canyon in the 
southwestern portion of the Mogollon Mountains from 6,000-7,000 ft.  The species is limited to deep 
canyons along creek bottoms where deciduous trees produce abundant leaf litter where snails occur under 
and around stones and logs (Metcalf and Smartt 1997). Threats may include degradation or destruction of 
riparian vegetation producing deciduous leaves, such as uncharacteristic fire or flood events. The 
Whitewater-Baldy Fire burned through many of the uplands of known occupied canyons. While there have 
been some high flows through Dry Creek Canyon, habitat in known occupied canyons is still in good 
condition containing all the components necessary for life functions including deciduous riparian 
vegetation and down woody debris (D. Myers pers. comm 2016). Little is known about the distribution of 
the species as several canyons that may contain habitat have likely not been surveyed.   Abundance and 
trend are unknown on the Gila NF, but trend is likely stable as populations discovered in early 1900s were 
still found in mid-1990s (Metcalfe and Smartt 1997).  Information for this species is lacking to evaluate 
whether or not the species is at risk for persistence on the Gila NF.   

Cross Snaggletooth (snail) (Gastrocopta quadridens) is found in western and central parts of the state, 
Sacramento and Mogollon Mountains, and northward to Utah.  Fossils of this species have been found in 
the Caballo Mountains. This species habitat consists of forest openings comprised of calcareous bedrock 
(Metcalfe and Smartt 1997). Threats may include uncharacteristic wildfire, mineral exploration and 
development, road construction and maintenance, and climate change.  This species appears to be quite 
abundant along the Sandia Crest and in a few localities in the Capitan Mountains.  Distribution, abundance 
and trend on the Gila NF is unknown but the trend is likely stable as populations discovered in early 1900s 
were still found in mid-1990s (Metcalfe and Smartt 1997).  This combined with the fact that calcareous 
bedrock habitat this species uses is not likely departed from reference conditions suggests that this species 
is not likely at risk for persistence on the Gila NF.   

Monarch butterfly (Danaus plexippus plexippus) is widely distributed across the Gila NF, although it is 
rarely common. Records for the region extend from April through November, although most are between 
June to October (Zimmerman 2001). There appear to be no records of breeding on the Gila NF and have 
been noted by Zimmerman (2001) to be moving through, presumably to their wintering grounds. There 
was positive 90-day finding by USFWS (2014). Based on subsequent review of the petition and sources 
cited in the petition, it was found that the petition presents substantial information that the petitioned 
action may be warranted for the monarch butterfly (Danaus plexippus plexippus) based on factors A, B, C, 
and E.  Further, review of the petition did not indicate that an emergency situation exists.  However, if at 
any time conditions change and we determine emergency listing is necessary, an emergency rule may be 
developed (USFWS 2014).  Drastic reduction in milkweed species within their breeding areas through 
pesticide use, land conversions, development, and climate change are listed as reasons for listing. Adults 
use a wide variety of flowering plants for nectar in their adult stage, which are plentiful on the Gila NF. In 
general, this species is mostly observed migrating through using the Gila NF only temporarily and is not 
normally subject to impacts from management activities. Therefore, this species is not considered to be 
at risk for persistence on the Gila NF. 

Plants 
Threadleaf Giant-hyssop (Agastache rupestris) occurs on protected north slopes, often times in cliff faces, 
from oak savannah to ponderosa pine (4,500-7,000 ft).  ERUs in which this species may occur include 
piñon-juniper woodland, piñon-juniper grass woodland, ponderosa pine-evergreen oak, ponderosa pine 
forest, and mixed-conifer with frequent fire. Ponderosa pine forest is highly departed, while the other 
ERUs are in low to moderate departure from reference conditions (Chapter 2: Upland Vegetation). The 
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amount of habitat for this species comes to approximately 2,627,921 acres across the forest. The species 
has been collected from between Reserve and Wall Lake, south to Pinos Altos (SEINet 2016). This plant is 
relatively well distributed on the Gila NF. Threats to the species would likely include uncharacteristic 
wildfire, but authors make no note of threats or make reference to rarity (NMRPTC 1999). Abundance and 
trend on the Gila NF are not known, but habitat is quite abundant and the majority is in low to moderate 
departure from reference conditions.  Since habitat is abundant on the Gila NF, with the majority not highly 
departed, then the species is not considered to be at risk for persistence on the Gila NF.   

Villous Groundcover Milkvetch (Astragalus humistratus var. crispulus) occurs in xeric pine forest on 
sandy volcanic soils (NMRPTC 1999).  ERUs in which this species may occur include Colorado Plateau/Great 
Basin grassland, juniper-grass woodland, piñon-juniper grass woodland, and ponderosa pine-evergreen 
oak forest.  Total acreage on the Gila NF for these ERUs is 865,844 acres with the majority of these acres 
in low to moderate departure. Colorado Plateau/Great Basin grassland is highly departed, while the other 
ERUs are in low to moderate departure from reference conditions (Chapter 2: Upland Vegetation). 
Specimens have been taken from Reserve to Quemado (SEINet 2016).  This species is fairly well distributed 
on the Gila NF, it can occur within several ERUs, often occurs in disturbed areas such as road cuts, and is 
locally common (NatureServe 2016).  Specific threats have not been identified for the species but may 
include uncharacteristic wildfire or road maintenance activities.  There is no known information about 
abundance or trends of the species on the Gila NF.  However, habitat is abundant and well distributed 
across the Gila NF, so  it is likely that the species is not at risk for persistence on the Gila NF.  

Nutrioso Milkvetch (Astragalus nutriosensis) occurs on mesa tops at 7000-8000 ft elevation in open 
grassland or occasionally among piñon pine and juniper, and it occurs in soils that are volcanic silty-clays.  
The location where the species was found is in the Colorado Plateau/Great Basin grassland ERU, but it may 
also find suitable habitat where this ERU intercedes with the juniper-grass woodland ERU. The Colorado 
Plateau/Great Basin grassland ERU is highly departed, while the juniper-grass woodland ERU is in low (on 
Forest) to moderate (in context area) departure from reference conditions (Chapter 2: Upland Vegetation). 
There has been only one documented occurrence in 1995 at the extreme NE corner of the Gila NF (SEINet 
2016). The most recent description of the species by Isely (1998) does not record the species in NM. SEINet 
has since updated its database in 2017 and no longer shows this species occurring on the Gila NF. This 
species is a narrow endemic to the Rio Nutrioso drainage in AZ (NMRPTC 1999, NatureServe 2016).  This 
species is not palatable to livestock because it may be poisonous as this is a close relative of A. mollissimus 
var. mathewsii which is known to be poisonous. However, it may be subject to weed eradication programs 
for that reason (NMRPTC 1999).  There are no other specific threats documented.  This species not known 
from the Gila NF and is thus removed from consideration as an SCC.   

Gila Thistle (Cirsium gilense) occurs in moist areas or mountain meadows in montane coniferous forest 
between 7,000-8,000 ft. elevation. ERUs in which this species may occur include ponderosa pine forest 
and mixed-conifer with frequent fire. Ponderosa pine forest is highly departed while mixed-conifer with 
frequent fire is moderately departed from reference conditions (Chapter 2: Upland Vegetation). Much of 
the mixed conifer burned in large wildfires over the last 5 years. This species is found in the Mogollon 
Mountains on the Gila NF, and nearby in the White Mountains of Arizona. The species is not threatened 
by prevailing land uses within its range, and it is known to increase with disturbance (NMRPTC 1999). This 
species occurs within the Whitewater-Baldy Fire perimeter and is not likely impacted or possibly even 
positively impacted by the fire and experiencing few, if any, alterations to its habitats from direct impacts 
of the fire or post-fire impacts (Roth 2016).  Surveys conducted after the fire by Roth (2016) show that the 
thistle is distributed throughout the area and is frequently found along roadsides, streams, drainage 
bottoms, moist north-facing slopes, but also thrives in disturbed and burned areas, regardless of fire 
severity. The species was previously under-documented and is considered secure despite the disturbances 



Appendix G. Species Justifications 

 
Gila National Forest Assessment Report – Final  908  

to its habitat (Roth 2016). Trend and abundance appear to be increasing on the Gila NF therefore its 
persistence on the Forest is not considered at risk. 

Mogollon Whitlowgrass (Draba) (Draba mogollonica) occurs on cool, moist north slopes of montane 
forests between 5,000-9,000 ft elevation in volcanic soils of the Mogollon Mountains.  It occurs from 
piñon-juniper woodlands all the way up to mixed-conifer with aspen, but is associated with rocky/cliffy 
habitat which has not likely changed from reference conditions. Much of the area this plant occurs is 
inaccessible and current land uses pose no threat to the species (NMRPTC 199). This species is well 
distributed across the Gila NF, from Reserve, south to Silver City, and from the AZ state line all the way east 
to the Forest boundary, and further east to the San Mateo Mountains. This plant is often found in large 
populations throughout its range, and it may be more abundant than is now known because of the relative 
inaccessibility of its habitat (NMRPTC 1999). Threats to the species may include uncharacteristic wildfire 
and mineral exploration. The trend of this species on the Gila NF is not known; however, given that this 
species is well distributed across Gila NF, current land uses pose no threat to species because habitat is 
relatively inaccessible, and the plant is often found in large populations throughout its range, this species 
is not considered to be at risk for persistence on the Gila NF.  

Winn Falls Fleabane (Erigeron scopulinus) occurs on cliff faces on rhyolitic rock between 5,900 - 9,200 ft. 
elevation that has not likely changed from reference conditions.  The species is well distributed east to 
west across Gila NF from Hwy 180 to Diamond Peak, and further east to the San Mateo Mountains. 
Populations of this plant are sporadic and disjunct, but can be locally very abundant, and the cliff habitat 
that it occupies effectively removes threats to this species (NMRPTC 1999). Threats may include 
uncharacteristic wildfire and mineral exploration and development. Trend for this species on the Gila NF 
is unknown. Given that this species is well distributed across Gila NF, current land uses pose no threat to 
species because habitat is relatively inaccessible, and the plant can be locally abundant, this species is not 
considered to be at risk for persistence on the Gila NF.  

Horned Spurge (Euphorbia brachycera) is found from open grasslands into ponderosa pine forests.  ERUs 
this species may occur in include Colorado Plateau/Great Basin grasslands, all the way up in elevation 
through ponderosa pine forests. This comes to total of 2,612,363 acres within these ERUs that range from 
low to high departure from reference conditions, with the majority in low to moderate departure (Chapter 
2: Upland Vegetation). This species is widely distributed across the Gila NF and much of the interior west, 
and is considered globally secure (G5).  There is no known information about threats, trends, abundance, 
or habitat requirements for this species on the Gila NF, but people may target the species with weed 
eradication programs as it looks similar to the noxious leafy spurge (E. esula). Since habitat is abundant on 
the Gila NF, with the majority not highly departed, then this species is not considered to be at risk for 
persistence on the Gila NF. 

New Mexican Gumweed (Grindelia arizonica var. neomexicana) occurs on rocky slopes and ledges in 
piñon-juniper to lower montane coniferous forest, and is considered an endemic species to southwestern 
New Mexico (NatureServe 2016).  ERUs in which this plant may occur include piñon-juniper woodland, 
ponderosa pine-evergreen oak, ponderosa pine forest, and mixed-conifer with frequent fire.  Ponderosa 
pine forest ERU is highly departed while the other ERUs are in low to moderate departure from reference 
conditions (Chapter 2: Upland Vegetation). Total acreage within these ERUs is approximately 2,325,212 
acres. The species is relatively well distributed on the Gila NF from Quemado Lake, south to Silver City, and 
east to Emory Pass, occurring in the Pinos Altos Range, Black Range, and Mimbres Mountains. There are 
no known threats to the species, and abundance and trends are not known on the Gila NF.  Since the 
species is relatively well distributed and habitat is quite abundant on the Gila NF, with the majority not 
highly departed, then the species is not considered to be at risk for persistence on the Gila NF. 
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Goodding's Bladderpod (Lesquerella gooddingii) occurs on rocky slopes and ravines in piñon-juniper and 
ponderosa pine at elevations between 6,000-7,500 ft., often near streams and springs in Gila 
conglomerate soils. ERUs in which this species may occur include piñon-juniper grass woodlands, piñon-
juniper woodlands, mountain mahogany shrubland, ponderosa pine-evergreen oak, and ponderosa pine 
forest.  This equates to approximately 2,121,774 acres across the Gila NF. Ponderosa pine forest ERU is 
highly departed while the majority of the ERUs are in low to moderate departure from reference 
conditions (Chapter 2: Upland Vegetation). The species is relatively well distributed on the Gila NF from 
the Arizona border near Reserve, east to Poverty Creek on the Black Range. This species is not threatened 
by prevailing land uses within its range, but it does occur occasionally along highway rights-of-way where 
some populations could be susceptible to disturbance (NMRPTC 1999). Abundance and trend for this 
species on the Gila NF are not known, but habitat across the forest is quite abundant. Since the species is 
relatively well distributed and habitat is quite abundant on the Gila NF, with the majority not highly 
departed, then this species is not considered to be at risk for persistence on the Gila NF. 

White Mountain Groundsel (Packera cynthioides) occurs in openings on igneous soils in piñon-juniper to 
upper montane conifer forest between 7,000-9,500 ft. elevation. ERUs in which this species may occur 
include piñon-juniper grassland, piñon-juniper woodland, ponderosa pine-evergreen oak, ponderosa pine 
forest, mixed-conifer with frequent fire, and mixed-conifer with aspen. Total acreage within these ERUs is 
approximately 2,729,155 acres. Ponderosa pine forest is highly departed while the majority of acreage 
within other ERUs are in low to moderate departure from reference conditions (Chapter 2: Upland 
Vegetation). This species is well distributed from Mule Creek near the Arizona border, east through the 
Black Range, and north into the San Mateo Mountains. Prevailing land uses do not threaten the species, 
but this species sometimes occupies road cuts where some populations could be impacted by road 
maintenance operations (NMRPTC 1999).  There are no other known threats, but the effects from timber 
harvest and fire has not been studied (NMRPTC 1999). Abundance and trend for this species on the Gila 
NF are not known. Since the species is well distributed, prevailing land uses do not threaten the species, 
and habitat is quite abundant on the Gila NF, with the majority not highly departed, then this species is 
not considered to be at risk for persistence on the Gila NF.  

Metcalfe's Groundsel (Packera neomexicana var. metcalfei) occurs in piñon-juniper woodland and lower 
montane coniferous forest between 7,000-8,000 ft. elevation. The ERUs in which this species may occur 
include piñon-juniper woodland, ponderosa pine-evergreen oak, ponderosa pine forest, and mixed-conifer 
with frequent fire, which contain approximately 2,325,212 acres across the Gila NF. Ponderosa pine is 
highly departed while the other ERUs are in low to moderate departure from reference conditions 
(Chapter 2: Upland Vegetation). The species appears to be fairly well distributed across the Gila NF from 
near Mangas Mountain on the Quemado RD, south to near Emory Pass, and west to the Arizona state line. 
There appear to be no significant land use threats to the species or its habitat, and it is quite common 
within its limited range (NMRPTC 1999).  Trend for the species on the Gila NF is not known, but habitat 
appears to be quite abundant.  There are few external threats impacting its populations and/or their 
habitat, and habitat is quite abundant across the Gila NF, therefore its persistence on the Forest is not 
considered at risk. 

Mt. Graham Beardtongue (Penstemon deaveri) occurs on rocky slopes from ponderosa pine to above 
timberline between 7,500-11,000 ft. elevation. ERUs in which this species may occur include ponderosa 
pine-evergreen oak, ponderosa pine forest, mixed-conifer with frequent fire, mixed-conifer with aspen, 
and spruce-fir forest, which make up approximately 1,601,785 acres across the Gila NF.  Ponderosa pine 
forest is highly departed and spruce-fir forest is moderately departed but modelled to be highly departed 
in the future as much of the spruce-fir forest ERU has burned in wildfires within the last 5 years. Rocky 
slopes where this species grows may protect it from fire effects.   The other ERUs are moderately departed 
from reference conditions. The species is fairly well distributed on the Gila NF and is found in the Burro 



Appendix G. Species Justifications 

 
Gila National Forest Assessment Report – Final  910  

Mountains, north to Jewett Gap near Quemado, and east into Arizona. Current land uses apparently pose 
no threats to the species (NMRPTC 1999). Abundance and trend for this species on the Gila NF are not 
known, but habitat is abundant across the forest. Given that this species is fairly well distributed across 
Gila NF, current land uses apparently pose no threat to this species, and habitat is abundant across the 
forest, this species is not considered to be at risk for persistence on the Gila NF. 

Silver Mock Orange (Philadelphus argenteus) is an upper elevation shrub found on dry, rocky slopes.  
ERUs in which this species may occur include Madrean piñon -oak woodland, ponderosa pine-evergreen 
oak, ponderosa pine forest, and mixed-conifer with frequent fire, which contain approximately 1,494,133 
acres across the Gila NF.  Ponderosa pine forest is highly departed while the other ERUs are in low to 
moderate departure from reference conditions (Chapter 2: Upland Vegetation). The species is fairly well 
distributed on the Gila NF and is found just south of Glenwood RD boundary by Yellowjacket peak, 
northeast to Wall Lake, and in the Black Range from near Emory Pass, west into Upper Gallinas Canyon. 
Little known about threats or abundance, and nothing is known about specific habitat requirements for 
this species on the Gila NF, but the amount of acreage within the ERUs in which it may occur is abundant. 
This species is globally secure and it is not considered a rare plant by NMRPTC (1999). Since the species is 
fairly well distributed, and amount of acreage within ERUs it may occur in is abundant on the Gila NF, with 
the majority not highly departed, then this species is not considered to be at risk for persistence on the 
Gila NF. 

Blumer’s dock (Rumex orthoneurus) occurs near perennial springs, in unshaded meadows or along stream 
sides in canyons, in moist, organic soils (NatureServe 2016). This species is relatively well distributed across 
the Gila NF (SEINet 2016). Riparian ERUs that this species may occur within are in low to moderate 
departure. Range has expanded as plants previously thought to have been R. occidentalis were identified 
as R. orthoneurus, and the species is only considered sensitive in AZ (Regional Foresters Region 3 Sensitive 
Species List 2013). Threats to the species may include trampling from the species occurring within areas 
heavily used for recreation (camping and hiking), grazing, and possibly from mining and road construction 
(NatureServe 2016). Since the species is relatively well distributed, range has been expanded, and the 
riparian ERUs in which this species may occur are in low to moderate departure from reference conditions, 
then the species is not considered to be at risk for persistence on the Gila NF.  

Wright's Catchfly (campion) (Silene wrightii) occurs on cliffs and rocky outcrops in conifer forests between 
6,800-8,000 ft. elevation (NMRPTC 1999). The cliff habitat in which the species occurs is not likely departed 
from reference conditions. The species is fairly well distributed on the Gila NF from near the town of 
Mogollon, east to just north of the town of Kingston on the Black Range. Current land uses apparently 
pose no threats to this species as the cliff/crevice habitat it occupies is relatively inaccessible and offers 
considerable protection (NMRPTC 1999). Abundance and trend for this species on the Gila NF are not 
known. Given that this species is fairly well distributed across Gila NF, current land uses apparently pose 
no threat to the species because habitat is relatively inaccessible, and cliff habitat is not likely departed 
from reference conditions, this species is not considered to be at risk for persistence on the Gila NF. 

Mammals 
Spotted Bat (Euderma maculatum) occurs in cliff habitat from desert to montane coniferous forest.  Cliff 
habitat features are not likely departed from reference conditions. The cliff habitat this species occupies 
effectively protects it from most threats. The fungal infection known as white-nose syndrome that affects 
bats is not very likely to affect this species as they are not known to hibernate in groups. Roosting habitat 
is extensive, remote, and mostly not vulnerable to destruction or excessive disturbance (NatureServe 
2016). There are no current threats to cliff and crevice habitat they occupy, although rock climbing may 
disturb isolated individuals/populations (NatureServe 2016). This bat is fairly well distributed on the Gila 
NF and has been documented between Lake Roberts and further to the northwest to Willow Creek.  
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Population trend and abundance are not known on the Gila NF, but range-wide trend for this species  
appears to be relatively stable both short and long-term in terms of distribution and abundance 
(NatureServe 2016).  Since habitat is not likely departed from reference conditions, inaccessible, and 
overall population trends are relatively stable, this species is not considered at risk for persistence on the 
Gila NF. 

Hooded Skunk (Mephitis macroura) occurs in rock/talus scree, low riparian, desert, low grasslands, and 
low woodlands.  The ERUs in which this species may occupy include Arizona alder-willow, desert willow, 
Arizona walnut, sycamore-Fremont cottonwood, Fremont cottonwood-oak, Fremont cottonwood-shrub, 
semi-desert grassland, Madrean piñon-oak woodland, piñon-juniper grass woodland, and mountain 
mahogany shrubland. Semi-desert grassland is highly departed while the rest of the ERUs are in low to 
moderate departure from reference conditions (Chapter 2: Upland Vegetation). This species is relatively 
well distributed and found fairly common on Gila NF.  Specimens have been collected from Lilley Park in 
the Negrito watershed, south to the Burro Mountains, and 7 miles north of Mimbres (BISON-M 2016). This 
species is listed as an unprotected furbearer in the New Mexico hunting regulations as skunks are not 
differentiated, so threats likely include shooting, trapping and vehicle collisions.  The species thrives in 
areas where there is human disturbance (IUCN 2016).  Animal damage control practices may impact a few 
individuals, but the number is very low (BISON-M 2016).  Population trends show that the species’ 
numbers are increasing (BISON-M 2016). This species is not considered at risk for persistence on the Gila 
NF. 

White-nosed Coati (Nasua narica) occurs in riparian areas near croplands/hedgerows, and woodlands.  
ERUs in which this species may occupy include Arizona alder-willow, desert willow, Arizona walnut, 
sycamore-Fremont cottonwood, Fremont cottonwood-oak, and Fremont cottonwood-shrub. These ERUs 
are in low to moderate departure from reference conditions (Chapter 2: Upland Vegetation). They are 
relatively well distributed on the Gila NF and have been found from Cassidy Spring in the geographic center 
of the Gila NF, west to the San Francisco Valley, and south into the Burro Mountains. Threats include 
indiscriminant killing through illegal shooting or trapping, even though coatis are classified as protected 
furbearers and cannot be legally taken in New Mexico which alleviates shooting threats to a certain extent 
(NMDGF 2016c). Also, vehicle collisions are a possible threat. Distribution has increased on the Gila NF 
since the 1970s, so it is likely that abundance has also increased.  This species is not considered at risk for 
persistence on the Gila NF. 

Arizona gray squirrel (Sciurus arizonensis arizonensis) and Rocky Mountain Bighorn Sheep (Ovis 
canadensis) - According to the New Mexico Department of Game and Fish, gray squirrel and Rocky 
Mountain bighorn sheep are huntable within New Mexico (NMDGF 2016c). However, the New Mexico 
Comprehensive Wildlife Conservation Strategy specifically states that Arizona gray squirrels are “Not a 
harvested species”. The New Mexico hunting regulations say that gray squirrels are legal to harvest without 
differentiating that Arizona gray squirrels are not supposed to be harvested. Frey et al. (2008) notes that 
Arizona gray squirrel occupies mid-elevation riparian areas, distributed well across the Gila NF, and has 
experienced no expansion or contraction of their distribution. Population trends for Rocky Mountain 
bighorn sheep within the Gila NF decreased from 2004 - 2012, but have been on the increase since 2013 
with a large jump in the San Francisco population in 2014 (NMDGF 2016b). Domestic sheep and goats can 
carry diseases that are lethal to bighorn sheep (BISON-M 2016). However, there are no domestic sheep or 
goat allotments on the Gila NF, nor are they used for brush or invasive species control. Rocky Mountain 
bighorn sheep and Arizona gray squirrel appear to be secure within the Gila NF, and their continued long-
term persistence is not at risk because they are managed at numbers that allow them to be a huntable 
species. 
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Summary of At-Risk Determinations 
At-risk species decisions are based on the best available scientific information. Unfortunately, many 
species lack specific information on current population status, distribution, or abundance making it 
difficult to determine risk. Another confounding issue is scale. Although some species information indicate 
increase or a decline on a large geographic scale (i.e. nationwide or statewide), Forest-wide expertise may 
not suggest a similar determination. Should any new information become available the plan can be 
amended to accommodate the new information. 



From: David Hawkins <dbhawk@gmail.com> 

Sent: Thursday, July 19, 2018 5:51 PM 

To: NM Unit EIS 

Subject: Re: Comment on NM UNIT EIS 

 

One additional comment: 

 

The San Francisco River crossing my property has 
been perennial.  It hasn't been dry once since I 
purchased it.  The diversion to Weedy Canyon will 

effectively dry up the river on my property.  Drying 
up the river on my property will undoubtedly have 
a significant negative affect on my property value, 

and I will have to see what recourse is available 
including injunction. 

 

On Thu, Jul 19, 2018 at 2:26 PM, David Hawkins <dbhawk@gmail.com> wrote: 

To whom it may concern: 

 

I am a landowner and a water rights holder who 
will be affected directly by the proposed action.  I 
am also a professional consulting hydrologist with 

a graduate degree in hydrology from New Mexico 
Tech. 

mailto:dbhawk@gmail.com


 

1. Figure 4. Spurgeon Diversion Area shows that 
there will be a conveyance structure and a 48 inch 

pipe crossing my property.  No one has contacted 
me to discuss any of this, and it is unlikely that I 
will approve of any easements on my property 
that do not already exist.  Any construction access 

to my property would need to be approved in 
writing by me prior to initiating any studies or 
construction on my property.  Any violation of that 

would be subject to legal remedy. 

 

2. Although my property is show in orange in 
Figure 4 as potential AWSA, I will not be 
purchasing any AWSA water. 

 

3. At least 50% (or possibly as much as 75%) of 
the acreage shown as potential AWSA in Figure 4 

is in no way suitable for surface irrigation or 
agriculture, and should not be included in cost-
benefit analyses. 

 

4.  My personal experience with growing fruit 

crops in the area shown on Figure 4 has shown 
that the weather is not suitable for commercial 



fruit operations.  The growing season is 
significantly shortened by late frosts resulting 

from proximity to Gila Mountain Front.  Therefore, 
high value agricultural products should not be 
included in economic analyses. 

 

 

4. Irrigable land shown in Figure 4 will be limited 
to pasture crops, therefore, low dollar value per 

acre-foot. 

 

5. Flow events such as those recorded in 1983 and 
1993 have the potential to completely wipe out 
any improvements made in the San Francisco 

River Canyon above the mouth of Pueblo Creek. 

 

6.  Having studied the terms of the CUFA, it is my 

belief that the conditions of the CUFA would make 
project operation not feasible. 

 

7. Ultimately the Spurgeon Diversion project, as 
proposed, will cost many tens of millions of dollars 

and will benefit a handful of water users, probably 



5 or less.  The cost will in no way be justified by 
any benefit that may accrue.  In addition, the 

estimated costs for the proposed project appear 
questionable and additional back-up is need to 
justify the estimates. 

 

Overall, in my opinion, the NM Unit EIS Proposed 
Actions appear to serve a very small number of 

users for a very large cost.  The people of 
Southwestern New Mexico would be much better 
served if the money were spent on projects that 

would serve the water needs of the population as 
a whole. 

 

Sincerely, 

David B. Hawkins 

 

--  

 

Dave Hawkins 
Barranca Group, LLC 
1-520-661-4894      1-520-223-4577 
http://barrancagroup.blogspot.com/ 
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From: David Hawkins <dbhawk@gmail.com> 

Sent: Thursday, July 19, 2018 3:27 PM 

To: NM Unit EIS 

Subject: Comment on NM UNIT EIS 

 

To whom it may concern: 

 

I am a landowner and a water rights holder who 
will be affected directly by the proposed action.  I 
am also a professional consulting hydrologist with 

a graduate degree in hydrology from New Mexico 
Tech. 

 

1. Figure 4. Spurgeon Diversion Area shows that 
there will be a conveyance structure and a 48 inch 
pipe crossing my property.  No one has contacted 

me to discuss any of this, and it is unlikely that I 
will approve of any easements on my property that 
do not already exist.  Any construction access to 

my property would need to be approved in writing 
by me prior to initiating any studies or construction 
on my property.  Any violation of that would be 

subject to legal remedy. 

 



2. Although my property is show in orange in 
Figure 4 as potential AWSA, I will not be 

purchasing any AWSA water. 

 

3. At least 50% (or possibly as much as 75%) of 
the acreage shown as potential AWSA in Figure 4 is 
in no way suitable for surface irrigation or 
agriculture, and should not be included in cost-

benefit analyses. 

 

4.  My personal experience with growing fruit crops 
in the area shown on Figure 4 has shown that the 
weather is not suitable for commercial fruit 

operations.  The growing season is significantly 
shortened by late frosts resulting from proximity to 
Gila Mountain Front.  Therefore, high value 
agricultural products should not be included in 

economic analyses. 

 

 

4. Irrigable land shown in Figure 4 will be limited 
to pasture crops, therefore, low dollar value per 
acre-foot. 

 



5. Flow events such as those recorded in 1983 and 
1993 have the potential to completely wipe out 

any improvements made in the San Francisco River 
Canyon above the mouth of Pueblo Creek. 

 

6.  Having studied the terms of the CUFA, it is my 
belief that the conditions of the CUFA would make 
project operation not feasible. 

 

7. Ultimately the Spurgeon Diversion project, as 

proposed, will cost many tens of millions of dollars 
and will benefit a handful of water users, probably 
5 or less.  The cost will in no way be justified by 

any benefit that may accrue.  In addition, the 
estimated costs for the proposed project appear 
questionable and additional back-up is need to 
justify the estimates. 

 

Overall, in my opinion, the NM Unit EIS Proposed 

Actions appear to serve a very small number of 
users for a very large cost.  The people of 
Southwestern New Mexico would be much better 

served if the money were spent on projects that 
would serve the water needs of the population as a 
whole. 



 

Sincerely, 

David B. Hawkins 

 

--  

 

Dave Hawkins 
Barranca Group, LLC 
1-520-661-4894      1-520-223-4577 
http://barrancagroup.blogspot.com/ 
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From: Shelton Holland <shelton.linville@gmail.com> 

Sent: Thursday, July 19, 2018 12:34 PM 

To: NM Unit EIS 

Subject: NMUnitEIS 

 

To whom it may concern: 

This is a public comment on the Gila river diversion project issue. I am a land owner in the Gila river 
valley.My land is at a point just below the Mogollon Box,and I would be directly impacted by a diversion 
project in that vicinity. More important than that, the impact to the taxpayer,the environment,property 
value and more common sense solutions, would be tremendous. I purchased land near the Gila river 
after looking and researching land all over the West that provides some of the attributes that the Gila 
provides,as well as the need to protect such rare areas. I have friends from eastern U.S. that I 
introduced to this special area,and they also purchased property in this special area for its recreational 
opportunities and natural beauty. A further river diversion will make us all re-consider owning property 
in this part of SW New Mexico,especially because of the extra burden to the taxpayers there to cover 
some of the expense of such a project that benefits so few,especially when there are good common 
sense alternatives that are much less expensive and benefit many more residents in SW New Mexico. 
Below are some of the concerns we have in particular. 

1) What are the engineering details of these proposed diversions? What would they be constructed of, 
and exactly where would they be built? 

2) How could such projects possibly decrease river drying,as the ICS has always claimed? 

3)What will the cost of such a plan be to the taxpayer,and what will the cost of the additional water be 
for the water users? Would the water users be willing to pay for this? Are they even able to pay for it? 

4) Exactly how much water will be diverted from each proposed site? How much of this diverted water 
will be lost to evaporation and seepage from the storage units? 

5) What would the net economic benefit be to everyone in SW New Mexico,versus the costs of such a 
project? Do the benefits exceed the cost,or vice-versa? 

6) The proposal would almost certainly impact some,if not all of the Gila river's seven endangered 
species.What is included in the proposal to address the protection of these species? 

 

 In conclusion,we strongly feel that the BOR must assess all diversion alternatives to the proposed action 
that would protect these endangered species,as well as all the riparian habitat that would be adversely 
affected by the current proposal.Also,we know that future water needs can be cost effective if 



we  implement the non-diversion alternatives to this proposal by utilizing the $66 million from the 
AWSA on the important community water projects that will meet our future needs without building 
such an expensive Gila diversion project that would require yet even more tremendous public subsidy to 
benefit such a small portion of everyone involved. Please let common sense prevail here,not politics! 

                                                                                                Sincerely, 

                                                                                                Shelton Holland 

                                                                                                Box 44 

                                                                                                Gila,N.M. 



From: angelicapadillabooking@gmail.com 

Sent: Thursday, July 19, 2018 8:07 PM 

To: NM Unit EIS 

Subject: Gila River Diversion  

 

To whom it may concern, 

 

I am writing to ask that we DO NOT not divert nor dam the waters of the Gila River.  

 

As a lifelong resident or Grant County I visit these waters very frequently and take pride in our beautiful and 
unique wilderness. I can also say that over 30 plus years I have seen my river dwindle down to half of what its flow 
once was. I would like to leave this river to my next generations as the last free flowing river in the western United 
States.  

 

I believe that the NM Unit CAP entity has squandered millions of tax dollars trying to push through what we, as 
residents, do not want. They seem to be content continually wasting my hard earned tax dollars. As a resident of 
Hurley, NM, I would like to see this money used in securing a water source for my town, as we do not yet have 
one. The town had been seeking to accomplish this since 2005, but had failed to secure a viable monetary source, 
thus pushing the cost onto the residents through our water bills that have gone up by more than 50 percent since 
2005. We need this help more than the few that will benefit from damming the Gila River.  

 

I believe that the river itself is a living being, providing the lifeblood to all habitats that are blessed by its water. It 
needs to be protected, and I support Wild and Scenic Rivers legislation to legally protect our beloved river for ever. 
We boast rich cultural history and biologically unique habitat along this river, the highest concentration of 
breeding birds in America and a nearly intact native fish community including several endangered fish species. It is 
worth protecting.  

 

There are much more cost effective ways of water supply solutions and, we as residents need to implement and 
abide by water conservation and management. 

 

Again, I ask, DO NOT let this tax money waste to continue, DO NOT dam nor divert or beloved Gila River. 



 

Respectfully, 

Angelica R Padilla 

 

Sent from my Verizon LG Smartphone 



From: Robert Robbins <robertlrobbins@earthlink.net> 
Sent: Thursday, July 19, 2018 8:47 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
Attachments: NM Unit EIS scoping comments.docx 
 
 
Please see attached scoping comments. If possible, please confirm receipt. 
 
Thank you, 
 
Robert Robbins & Kim McCreery 
 



NM Unit EIS Scoping Comments- Gila River Diversion Project 

As residents of Grant County who will be directly impacted by the NM CAP Entity’s proposed diversion, we are 

dumbfounded that the project still remains ill-defined after years of wrangling.  A proposal in a nebulous state is 

always difficult to assess.  In fact, not only are very important details lacking, some given are irrelevant or 

confounding. At a minimum, answers to the following questions must be detailed in the EIS: 

1. What does the engineering construction entail? 
2. Will ISC and BOR commit to keeping the Gila River flowing versus letting it dry up? If so, how?  
3. How much new water will be diverted, what are the losses due to natural processes (e.g., evaporation), 

and how much of the diverted water will actually be available for local use? 
4. Who and where are the end users? 
5. How much will this project cost taxpayers?  
6. Can and, if so, how much will water users pay for the water they use? 

 
Our position as local stakeholders is that the NM Unit proposed action is unfair to the majority of taxpayers, 

economically unfeasible, and totally unnecessary.  If implemented, it would require spending all the available 

AWSA funds on only about 200 irrigators and the international mining giant Freeport-McMoRan. This would be 

unfair, because it would be at the expense of the rest of the 60,000 people of southwest New Mexico whose 

water systems genuinely need improvements, but who would instead find themselves strapped to paying for a 

scheme from which they derive zero benefit.  Unfair also because, in diverting the full 14,000 acre-feet per year, 

farmers would be diverting four times more water than the full amount to which they are annually entitled! 

Ironically, however, the project would even be too expensive for irrigators to buy. Current ditch fees in the Cliff-

Gila Valley are approximately $20 per acre, while project water cost would run at least a whopping $1,500 per 

acre per year!  The worst thing about this proposed fiasco is that it is not needed in the first place. According to 

water studies, Southwest New Mexico groundwater supplies can meet municipal water needs far into the future.   

The proposed action also has considerable “downstream” consequences. Many local communities depend on  

eco-tourism dollars generated each year by recreational activities associated with the Gila River. A dewatered Gila 

means declining tourist dollars and local tax revenue. It should also be pointed out that the wildlife and ecology of 

the region would also be severely degraded. The river is home to seven threatened or endangered species 

(including the loach minnow and spikedace, southwestern willow flycatcher and yellow-billed cuckoo, northern 

Mexican and narrow headed garter snakes, and Chiricahua leopard frog) and is proposed for long-term protection 

under the Wild & Scenic Rivers Act.  Declining groundwater levels caused by the diversion and new groundwater 

pumping could threaten the health of the cottonwood-sycamore-willow bosque—some of the last remaining 

intact riparian forest in the Lower Colorado River Basin.  

In view of all of the above questions and concerns, we strongly urge the BOR and ISC to carefully consider 

environmentally friendly and cost-effective alternatives to the proposed Gila diversion. Let us also not forget the 

now completely dry, treeless, and almost indiscernible trace of what was once the Gila River flowing by Phoenix, 

Arizona. Let common sense prevail. Thank you for considering our comments. 

Robert Robbins, Ph.D. & Kim McCreery, Ph.D. 
Silver City, New Mexico 
July 19, 2018 
 



From: howardcorinne <howardcorinne@gilanet.com> 
Sent: Thursday, July 19, 2018 5:56 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
Attachments: Letter to NM Unit EIS.docx 
 
Hi folks! 
Attached please find our comments on you Gila/San Francisco water project.  Thank you for work and 
patience with the public and the great meeting you had at the Cliff Gym.   
Howard Smith 
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Howard and Corinne Smith 
PO Box 121 

Gila, NM 88038 
 

Hello Folks, 

Thank you for the opportunity to comment on your proposal.  I am not a 

water engineer, hydrologist, geologist, or biologist, so for me, it is difficult to 

understand your proposal and to understand exactly what it is and what is 

driving this?  Is it about irrigators wanting to get more from the rivers 

without spending any of their own money?  Is it about spending a pot full of 

money before we lose it?  Just what is driving this?  Here are some 

thoughts. 

To misquote British Prime Minister, Sir Winston Churchill, “Never was so 

much promised by so few to benefit so little.”  The NM Cap Entity’s proposal 

looks to benefit the agricultural users of the Gila, San Francisco, and Virden 

valleys while completely disregarding all of the other users on the Gila River 

and citizens of SW New Mexico. Not to mention downstream senior water 

rights users.  How will this plan help all citizens of the area?  How will your 

cost/benefit analysis show this is a wise and beneficial use of public funds?  

You are asking to spend an awful lot of public money to help people who are 

already getting their water in the Gila Valley.  Your report does not clearly 

identify that the water rights and these diversions and ditches are private 

property. And again, so much public money to benefit so few private 

property owners.  Where are your plans to help the people of Hurley get 

drinking water?  Where are your plans to help domestic water users in the 

area?  How can they have their water bills paid by their neighbors?  What is 

the cost of the Cap Entity project?  What is the cost of the new water? 

My wife and I own land on the Gila River in the proposed project area.  For 

the last 34 years we have watched as irrigators have used traditional, “push-

up” rock and dirt diversions to get to their water.  This traditional use of 

push-up diversions has worked for over 100 years.  Look at the water 

reports.  The irrigators get their water every year.  And it is a cheap way to 

do it!  What is the need to spend so much public money to get water to 

people who are getting their water?  Development for what?   

Agriculture in the Gila Valley is pretty much ranching.  Grass growers.  

Permanent pasture with very little exported agricultural product except beef.  

Energetic big gardeners not included, the valley does not commercially 

produce cotton, chilies, corn, winter wheat, soy, root crops, or commercial 
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fruit.  The only need for water in the summer is to sustain grass for cows.  

Are we spending all of this money to grow grass for cows?  Cost/benefit 

analysis? 

The senior water users on the Gila River are in Arizona.  The Gila River 

Indian Community can claim they are the earliest users of water from this 

system.  Your report barely mentions their rights and legal claims to water in 

the river.  You should be doing a better job to disclose the rights of 

downstream users and how they might affect your proposal.  Here is a 

comment from the GRIC website (www.gilariver.org):   

“Today the people who now reside within the reservation of the Gila River 

Indian Community the Pima and Maricopa are in the planning stages of an 

irrigation project of monumental proportions. The plans are 

to establish an irrigation system to deliver water to 146,300 acres 

from District 1 in the Blackwater area to the farms of the Pee-Posh in District 

Seven. It will again take the effort of all the people to make major decisions, 

just like in the old days. There will be impacts to the community members in 

many ways and they will all have to be addressed. It will take years to 

complete but in the end the community members will once again hear the 

sweet music of rushing water.” 

How will your plans to remove additional water from the Gila River affect 

their plan?  Will the Indian Community support such a plan without ending 

up in court?  Won’t they see this as a continued threat from upstream water 

users?  Is this just another attack on their traditional way of life?  It sure 

looks that way.  And also, do you think anyone with the NM Cap Entity has 

ever looked at the GRIC website and the Native American rights to water?  If 

they have, then shame on them for this proposal.  And why plan to spend so 

much public money on a project that will benefit one of the largest mining 

operations in the world, Freeport-McMoRan?  How does the public benefit 

from moving US tax dollars into the pockets of the world’s largest producer 

of copper?  Their business is complicatedly wealthy. This project makes it 

look easier for Freeport to move their water at their own whim.  It is their 

land and water, after all.  Mining interest have a history of ‘dewatering” the 

Gila River.  Hello, Bill Evans and thanks from Tyrone.  And speaking of 

Freeport, notice how their engineers (Phelps-Dodge) selected to build a 

diversion below the valley in an open and wide part of the floodplain?  Very 

good engineering.  Your sites have all been in the most constricted flow 

areas of the valley.  I’ve personally seen the river do its work below our 

home here in Gila.  I’ve seen hardened protected concrete structures wash 



3 
 

away.  I’ve seen rapped rock structures wash away.  I’ve seen 20’ river 

jacks, installed in the very area where you are planning your diversions, 

wash away.  Have the irrigators shared this information with you?  Does the 

NM Cap Entity know this?  One other thing.  I never hear irrigators talk 

about the damage they are doing to adjacent lands through their diversion 

techniques.  I’ve watched the Gila River every day for the last 35 years from 

this mesa bench.  Local property owners and conservation minded folks have 

diligently worked with irrigators to get their water right.  We have all given 

our time and in years past our work to keep the beaver out of the ditches 

and in the river. We’ve all pulled branches and logs out of diversion gates 

while enjoying riparian community and spirit.  Your project looks like it may 

compromise old growth Bosque in the project area.  This may be private 

lands you are affecting.  I see no mention of this in your documents.   

 

I notice that your plans for the Gila Valley, San Francisco River, and Virden 

call for the development of holding ponds to save water for use during low 

flows in the river.  Does the New Mexico State Water Engineers office 

consider “ponds” as beneficial use for water in the state?  Are you planning a 

project with components that the State Engineer does not consider as 

beneficial use of water?  

The State of New Mexico does not have an official list of approved beneficial 

uses. The recognition of a beneficial use is at the discretion of the State 

Engineer. According to state statute, a beneficial use in New Mexico requires 

a diversion of water from its natural path to a place where that water will 

produce revenue or sustain human life.  How would a storage pond be a 

good use?  What about massive evaporation?   

How do we really know how much water is being taken out of the Gila River?  

Estimates?  Eyeball?  Crude USGS water gauges?  Best guess?  Why don’t 

we look at spending money on metering the water used by irrigators?  Let’s 

see where the water is and how it is returned to the river.  Let’s all look at 

exactly how much water is being legally taken and how much is turned 

downstream.  Are fields in the valley being overwatered, beyond their legal 

right?  How would you know?   

And isn’t the Reclamation mission “to manage, develop and protect water 

and related resources, in an environmentally and economically sound 

manner in the interest of the American public?”  Couldn’t we let these values 

help us with the next steps?  No diversion, no enlargement of existing 

systems, no deep wells, no storage, no plans with such limited scope to 
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serve so few.  Thanks, Winston. Say yes to instream flow, improved water 

conservation policy and use by all, and a move back to a farming valley, 

with diverse food and forage crops. Let’s have the local interests promote a 

more beneficial use of water in the Gila Valley, farming.  A benefit to us all.  

Help bring back farming to the Gila Valley in New Mexico.   

My most heartfelt thought is for the Gila River and dedicating water to 

instream flow.  It seems like a life time ago that folks hoped for instream 

flow for the rivers of New Mexico.  You guys are the ISC and BOR.  You have 

the ability to envision and implement a plan to make this happen.  Allow 

New Mexico water users the right to dedicate instream flow to the Gila and 

San Francisco rivers.  Allow this 14,000 afw to remain in the Gila.  Have it 

metered and sent downstream to senior water right users, The Gila River 

Indian Community.  The Indians don’t want your CAP money.  They want 

what is theirs by senior right, the sound of water running in the Gila again.  

This would be a chance to address a dark and disappointing part of our 

settlement history, a win for the life in the Gila, the life on the banks of the 

Gila, and for the disappointed few, a chance to rethink conservation and 

community.   

And please, rethink your position on former ISC director, Norm Gaume.  

Here is a true patriot and a real American hero to many here in Southwest 

New Mexico.  The thought that a citizen should be so poorly received by the 

NM Cap Entity speaks volumes about their transparency and agenda driven 

project.  And by the way, I’ve been following this project for years by 

reading the great reporting done by the local papers, The Silver City Daily 

Press and the Grant County Beat.  Mary Alice, you are the very best at 

capturing verbatim dialogue. I must tell you in closing, after years of reading 

and head scratching, I have absolutely no idea what you folks are really up 

to.   

May you be blessed with the vision of truth, 

Howard and Corinne  

 



From: Michael Schulte <miguelito_schulte@hotmail.com> 

Sent: Thursday, July 19, 2018 1:02 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

  
To: Federal Bureau of Reclamation and New Mexico Interstate Stream Commission 
From: Michael Schulte, Grant County, NM 
  
What follows, are some of my questions and comments regarding the New Mexico Unit of the 
Gila River Diversion project and the Environmental Impact Statement (EIS) being prepared by 
your offices to accompany that project: 
  
Regarding the diversion project: Have conservation alternatives to the diversion project been 
given fair consideration?  Have realistic cost/benefit analyses been conducted for community-
centered water conservation projects?  Why, in what appears to be a drying warming climate 
phase, when there are proposals that would increase the efficiency of our water use by 
reducing unintended loss from existing systems; why do these proposals not receive priority?  
Why do the Bureau of Reclamation and New Mexico Interstate Stream Commission endorse a 
vaguely articulated but costly diversion project of unproven efficiency that would potentially 
require substantial taxpayer subsidy into the indefinite future?  How would the fairness of so 
many paying so much to benefit so few be explained, especially when one of the beneficiaries 
would be an enormous international mining company headquartered out of state. 
  
Continuing the theme of project finances:  What will the project cost to build, operate and 
maintain?  Where will all the funding come from?  How many New Mexicans will benefit 
financially, particularly after the construction phase?  What percentage of the New Mexicans 
helping to pay the bills for the project will be financial beneficiaries?  What will the newly 
available water cost users?  For that matter, are there potential water users ready to pay for 
project water?  How many?  Would the project’s benefits exceed its costs?  And if so, by how 
much?   What would be the net economic benefit to our communities?  Would there be loss of 
water from the project through evaporation and seepage?  If so, how much and at what cost?  
What would be the projected lifespan of the project? 
 

Also regarding the project, but in another vein:  Free flowing rivers never have been abundant 
in the US Southwest and we have dammed, diverted, and thoroughly exploited most of what 
waters were flowing freely a century ago.  The course of the Gila River through New Mexico, 
downstream of the Gila Wilderness includes much beautiful habitat inhabited by a wonderfully 



inter-connected variety of plants and animals.  This fragile riparian habitat has evolved in place 
dependent on the natural flow of the river.  In fact, naturally fluctuating flows are necessary to 
sustain the relatively healthy riparian corridor we have today.  The modest amount of water 
that is currently being diverted for agriculture seems to have had relatively small impact on 
habitats downstream.  Diverting substantially more would almost certainly affect the riparian 
ecosystems downstream in a negative way.  For anyone who knows the river intimately, this 
riparian corridor, along with that of the San Francisco River, these ribbons of life, are like rare 
jewels in the Southwest.  There are currently efforts underway in other parts of our 
government to legislate protection of these “jewels” by nominating the Gila River as a National 
Wild and Scenic River.  Why would the Bureau of Reclamation and the New Mexico Interstate 
Stream Commission consider construction of diversion projects and the exploitation of the river 
water for the benefit of so few when the same water, the same stretches of river have the 
potential to join the ranks of our nation’s treasured Wild and Scenic Rivers and be of 
recreational and restorative benefit to all Americans?  Not only would the natural flow 
dependent plants and animals of the Gila River lose out but so might our nation. 

  
Now regarding the EIS: 
  
First, since there seems to be scant information available to the public; what exactly does the 
project entail?  The project description component of the EIS must be sufficiently detailed so 
that independent engineers familiar with both the local geology and water diversion and 
impoundment projects in general can make informed analysis. 
  
Second, the EIS must address what will be the project’s anticipated impacts upon downstream 
flows and the flora and fauna of the riparian corridors that depend upon the water that moves 
downstream, both in the river bed and in the water table.  Will threatened and endangered 
species be adversely affected, and if so, how will the project attempt to mitigate any negative 
effects upon these species?  Are alternatives are being considered to lessen or eliminate 
negative effects to threatened and/or endangered species?  What would be the scenario for 
the project, its beneficiaries and the plants and animals of the river corridor in the event of 
extended severe drought? 
  
Third, the EIS need evaluate, as serious options, more environmentally sensitive alternatives to 
the proposed action.  Environmentally sensitive alternatives could avoid adversely impacting 
riparian habitat along with its associated threatened and endangered species. 
  
And lastly, while I am not sure if the EIS is the appropriate document for inclusion of 
cost/benefit analysis; it is clearly necessary that for future public participation, detailed 
cost/benefit analyses be made available to the public and that the questions and issues raised 
in the paragraph (above) on project finances be addressed. 
  
Thank you for taking the time to consider these questions and comments.  I hope you will 
answer the questions as well as other concerned citizens’ questions in a straight-forward way.  



Please respond to my EIS concerns by incorporating them in the document.  Also, please 
include this letter in the public record of comments submitted during the public scoping period. 
  
Respectfully, 
  
Michael L. Schulte 
Grant County homeowner 

 



From: Ron & Yvette <troysrus85@yahoo.com> 

Sent: Thursday, July 19, 2018 4:08 PM 

To: NM Unit EIS 

Subject: Ron Troy: Public Comment regarding Gila River Diversion and 
Water Storage Project: Regarding the Notice of Intent to Prepare 
an Environmental Impact Statement, New Mexico Unit of the 
Central Arizona Project; Catron, Grant, and Hidalgo Counties, New 
Mex... 

 

As a Grant County Resident, I (Ron Troy) am embarrassed and appalled at the lack of 
planning regarding the Gila River Diversion. After attending most of theCAP 
Entity meetings over the past few years and witnessing the contradiction of statements and 
lack of direction demonstrated by the CAP Entity Commissioners and the Executive 
Director, I continue to be amazed at the lack of planning. I am still waiting for a set of 
conceptual plans to decipher, let alone project cost-benefit analysis. The CAP Entity, in 
conjunction with the Interstate Stream Commission and the Bureau of Reclamation (both, 
who should know better by now) have squandered a ridiculous amount of hard-earned tax-
payer money to essentially get nowhere in any solid planning. I have seen better planning 
and cost-benefit analysis for start-up companies trying to get a $50,000 bank loan. To think 
the CAP Entity is in charge of upwards to $120 Million dollars is at minimum, extremely 
alarming. 

It find it no surprise that we are now getting these vague, last-minute planning attempts 
slammed down our throats. I hope the Bureau of Reclamation comes to it senses and BOR 
representatives sitting at a higher level than Jeff Riley (who seems to be a very nice guy) 
uses their project experience in other parts of the country, and puts a stop to this absolute 
nonsense. The idea around impounding rivers and pulling water from an already over-
adjudicated Colorado River System is archaic. Truly the concept here is like putting a 
square peg in a round hole and contrary to the larger, more intelligent conservation trend 
that is based on sound economic and scientific data. 

 As taxpayers we are spending an exorbitant amount of money to conserve water across the arid 

West and bring our river systems and aquifers into an more naturally functioning condition. 

Again, why on earth would we create more water impoundments, be it in-channel (reservoirs) or 

off-channel (ponds) water storage impoundments when we can’t even begin to come close to 

utilize the potential of the reservoirs we have already spent billions of dollars constructing in the 

Colorado River Watershed. I can not believe the Bureau of Reclamation, with all that they know 

would even consider this ill-defined project with such an archaic objective.  

If the CAP Entity Members, Intestate Stream Commission and BOR were using personal money 

and the project had to make economic sense, we would not be in this silly predicament of trying 



to provide public comment on a project that has not been so ill-defined and vetted for soundness. 

This effort is consistent with this group's historic actions and incredible waste of money because 

they have so much money to waste. I am extemely hopeful that BOR will stop this financial 

bludgeoning. This is going to be nothing more than legal battle after legal battle with the CAP 

Entity, BOR and ISC hiding behind attorneys that we as taxpayers have to pay for. Please put a 

stop to this incredibly expensive short-sightedness now!  

My Suggestions: 

• Get some fresh members on the CAP Entity Board that will challenge each other and 
not support each other’s “pet project” thereby turning this into a good ol’ fashioned 
“good ol’ boy” waste of money! A good start would be including NM Game and Fish, 
the Gila Resource Information Project, the Upper Gila River Coalition, US Fish and 
Wildlife, NRCS, etc. Let’s get some thoughts and some new tools in the tool box. We 
are talking about potentially $126 M dollars…let’s make sure we have good 
representation and not just the local water users that want their hands on this 
water. Surely a Board overseeing $126 M deserves some more diversity than what 
we currently have on the CAP Entity Board. 

• Draw up a set of sound goals and objectives for the Board that are broader than just 
a “water grab” before the water in the Gila River hits the Arizona border. Let’s 
become more watershed holistic and economically sound in our thought process.  

• Let’s get the CAP Entity, the BOR, and Interstate Stream members out of their 
comfort corner in SW New Mexico and insure that they see the trends in other 
States, in other Watersheds. Familiarize them with the long-term challenges and 
actual economic and ecological cost that are incurred outside their small world to 
ensure that the archaic thought process currently underway is not part of the end 
result. 

• Let’s add transparency to the process and generate solid short-term and long-term 
plans that the public can actually provide comment on. Comment that will ensure 
success of the project, a project that will make economic and ecological sense for SW 
New Mexico’s agricultural water users, municipal water users, tourist, and most 
importantly the taxpayers that are paying the bill for the project(s). There is enough 
money to improve all of these interests if the CAP Entity broadened their view and 
had long-term vision that included the best interest of everyone in mind, including 
watershed health. Let’s start over with sound goals, objectives and planning and 
cease with the archaic objective and sheer waste of taxpayer money that the CAP 
Entity, BOR and ISC has historically pursued and is so insistent on pursuing into the 
future.  

• Let's truly address "NEED FOR THE PROJECT", "PROJECT OBJECTIVES", "PROJECT 
PLANS" and on behalf of taxpayers flipping the bill; a true "COST BENEFIT 
ANALYSIS" 

Thank you for your time and consideration. 

I would appreciate a confirmation that the appropriate party(ies) received these 
comments. Thank you. 



 

Best regards always,  

Ron Troy 

30 Logan Street 

Silver City, New Mexico 88061 

(575) 574-7014 



From: George Benson <gab.bpsc@gmail.com> 

Sent: Friday, July 20, 2018 4:44 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I wish my comments to be considered as part of the EIS Scoping process.   

 

Any diversion of the Gila River makes no sense, economically or ecologically.  What is being proposed 
requires a huge amount of money for construction and maintenance.  The diversion proposal would 
benefit only several dozen users.  Whereas non-diversion alternatives would require much less money 
and ensure reliable water supplies for almost 60,000 people in the four-county region.   

 

Additionally, there are too many unknowns associated with the proposed diversion:  Would the 
important ecology of the Gila River suffer with the proposed diversion?  Would the melt from declining 
snow packs jeopardize groundwater supplies for the four-county region?  Would there be enough water 
from declining snow melt to supply ANY water to the proposed diversion? 

 

I oppose any diversion of the Gila River, but I do support the elements of the Grant County Regional 
Water Plan and the Deming Alternative Water Report.   

 

George A. Benson 

Silver City, NM 



From: anna cherkos <atcherkos@inbox.com> 

Sent: Friday, July 20, 2018 9:32 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I am writing this with deep trepidation regarding the recent EIS study of the Gila-Cliff river diversion. 

 

   

I read the pamphlets distributed by you folks one headlined: "Reclamation: Managing Water in the 
West: Bureau of Reclamation an New Mexico Stream Commission Begin Planning Phase for the New 
Mexico Unit of the Central Arizona Project".   

What a vaguely written document!  

I can only think that it was written with a lawyer's input because it leaves so many openings for 
interpretation. 

For instance on page two under purpose and need:  "The needs for the proposed action are to...(b) 
provide capability for future expansion for authorized beneficial purposes." 

Even part (a) that states a more altruistic sounding intention is for an entity whose water rights are 
mainly owned by the mining industry. 

I am left in the dark with what those "authorized beneficial purposes" are.  I suspect that the diversion 
would be an opening to allow Freeport-McMoran the ability to pull off river water for their uses at some 
future date. 

 

 

Also, have you really taken into account the hydro-geology aspects of this project??   

What does the Gila Aquifer even look like?  Are you providing maps of it? 

It is my understanding that any time water is moved or mined that the process disrupts internal 
geological structural balances and possibly pollutes the water with the release of chemicals, such as 
fluoride and arsenic. 



What about septic tank leaching and area wells going dry? 

 

 

I am not insured of wildlife species protection either.  I see nothing in this paper that insures the safety 
of riparian habitat and endangered species. 

Reduced natural habitats are unhealthy for our species too. 

 

 

My suggestions: 

I would suggest that BOR and NM Unit of CAP return to the table and find better eco-friendly solutions 
that can be implemented.  

Agriculture in the Gila Valley can use assist with water, but not via your current proposals. 

Please take the alternatives that others have put before you as serious considerations; NOT a 
diversion! 

 

 

Again, I can only suspect that the mining industry is the big receiver here.  Also, why is Luna County even 
part of this action?   

The Gila River does not run through it. 

"Future expansion for authorized beneficial purposes", aka: mining expansion? 

I do so wonder and your publication is very vague. 

 

 

Thank you, 

Anna T. Cherkos 

Gila, NM 



From: Susan Clair <clair@nmia.com> 
Sent: Friday, July 20, 2018 12:03 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Importance: High 
 
Hello, BoR Staff - NM UNIT EIS, 
 
I’m writing to voice my concerns about the Gila Diversion Project. 
 
The NM CAP Entity’s proposed action is poorly defined, so the public cannot easily understand it or 
appropriately comment on it. 
Still, from the little we know, it could have seriously detrimental consequences on threatened and 
endangered species and their riparian habitats. In addition, it will cost many times more than the AWSA 
construction subsidy provided, and it will unfairly withhold NM Unit Fund dollars from community water 
projects that roughly  60,000 people need in New Mexico. 
 
I live in the Gila River region, and I want to know the following: 

1. What are the engineering details of the proposed action? 

2. What type(s) of diversions are proposed? 

3. Will BoR and ISC allow the diversion to “dewater” the river, rather than decrease river drying as 
the ISC has often claimed? 

4. What would the proposed action actually cost, including “new water”? 

5. Will any water users be willing to pay for project water? 

6. What is the net benefit of the NM Unit? Do these benefits exceed costs, and by how much? 

7. What are the specific environmental impacts of the proposed action? 

8. Would the proposed action threaten the existence of Gila River’s seven threatened and 
endangered species? 

9. What mitigation requirements will be included in the action to reduce impacts? 
 
In closing, this is a huge undertaking that would have enormous impacts on NM residents, wildlife, and 
riparian habitat. It should be thoroughly and objectively researched and analyzed, not pushed through 
simply to meet some false deadline or biased assumptions. 
 
Sincerely, 

Susan Clair 

Susan Clair 
Silver City resident 
 



From: Peter Coha <peter.coha@gmail.com> 
Sent: Friday, July 20, 2018 6:26 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
Peter Coha 
PO Box 2167  
Corrales, NM 87048 
Phone: 505-898-3746 
 
I am providing you with my comments on the NM Unit proposed action for consideration as part of 
scoping under the National Environmental Policy Act. 
 
Over the many years this project has been discussed with alternatives spanning from mega projects 
(large reservoirs and diversion capability) to minimum storage projects (small storage and diversions) 
with the common trait being that none of these alternatives appears to be well planned, engineered, 
with the funding that would support these projects, and with specific details on the need.  
 
Not that the NEPA EIS process is concerned with this past history or it is actionable, but what is evident 
in this review is the plan is still not finalized with the required engineering completed, such as for 
example ground water levels and ground water interaction with the design, the possible depth of the 
storage ponds, groundwater flow and thus the overall storage capability. During the NEPA EIS Open 
Houses, the presenters acknowledged the material on the posters was not up to date with the latest “in-
flux” plan. How is an EIS supposed to be done when the design is still in flux? Without the engineering 
done? The analysis needs to finalize these details and look at suitable alternatives to minimize impacts 
to the possible environment, endangered species and recreational opportunities.  
 
I am very concerned that the information provided to the public on the NM Unit proposed action is too 
vague, making it very difficult to understand the extent of potential impacts of the project on 
communities and the environment and to develop meaningful comments for scoping. 
 
The analysis needs to consider and detail out all components of the proposed action. 
 
The purpose and need is stated on the nmuniteis.com website: 

- The purpose of the proposed action is to develop a NM Unit of the CAP to allow for consumptive 
use of water from the Gila River, its tributaries or underground water sources in southwestern 
New Mexico, diverted in accordance with the CUFA and pursuant to the terms of the AWSA. 

- The needs for the proposed action are to (a) develop water for delivery at the times, locations, 
and in quantities that will improve agricultural use, and (b) provide capability for future 
expansion for authorized beneficial purposes. 

 
The analysis needs to consider estimated quantities and timing of diverted water at each project 
location. A breakdown of adjudicated and AWSA water needs to be included.  
 
The analysis needs to consider storage quantities for all facilities.  
 
The analysis needs to consider depth to groundwater at storage locations.  
 



The analysis needs to consider If this amount of AWSA water will meet the forecast needs. The stated 
need and purpose are vague and we don’t know how the proposed project will meet the needs.  
 
The analysis needs to consider access, rights-of-way, and property ownership at all project locations.  
 
The analysis needs to consider project and temporary construction footprints, footprints for the San 
Francisco and Cliff-Gila pumping plants. This includes estimates of cut and fill volumes and locations, 
spoil areas, construction duration, borrow sites, areas of canal lining, processing and staging sites, and 
power sources. 
 
The analysis needs to consider any additional components under consideration by the Entity.  
 
The analysis needs to consider geotechnical investigations to understand the underlying geography.  
 
The analysis needs to consider any potential effects to cultural or biological resources.  

- If the Entity plans on conducting geotechnical investigations, the Entity needs to provide a 
thorough description of locations, methods, and impact areas as soon as possible. If any 
proposed geotechnical investigation has the potential to impact cultural resources, or 
Endangered Species Act listed species, surveys and consultation may need to be conducted, 
which could require several months. Furthermore, the proposed geotechnical investigations 
may result in changes to the proposed action (i.e., location, size, function, etc.). Therefore, the 
results of the geotechnical investigations are critical to the Environmental Impact Statement 
schedule. 

 
Early on in my introduction to the project it became clear that the agriculture users could not or would 
not support or afford an increase in the cost of water delivery just from having to pump water out of the 
ground, let alone any additional junior AWSA water costs for construction not covered in the original 
funding or project operation costs.  
 
The analysis needs to consider for these few beneficial water users and others that would have to help 
pay the costs either directly through increased water costs or tax increases, how much cost will they be 
willing to pay for this project to occur? Will this project require public subsidy? For how much? For the 
benefit of what users and how many? 
 
While this may be considered a local 4 county problem (Grant, Luna, Catron, and Hidalgo Counties), the 
analysis needs to consider if all NM state residents will be expected to help pay the cost (including 
construction, maintenance and water exchange costs) of the water diversion project that will provide 
questionable help to a very small number of beneficial recipients?  
 
The analysis needs to consider how the water exchange costs will be realistically paid. Note the CUFA 
accounts for an “Exchange Agreement” for downstream river users.  
 

- The Gila River already flows into Arizona, where its waters are being used by the Gila River 
Indian Community downstream of the Arizona-New Mexico line. The 14,000 acre-feet of Gila 
River water belongs to the Gila River Indian Community. Through an "Exchange Agreement" and 
only by paying an "exchange cost," the AWSA provides New Mexico with the ability to divert and 
use this water if we choose. 



- The "exchange cost" will allow the Gila River Indian Community to buy their water from the 
Central Arizona Project (CAP) as replacement for the water that New Mexico takes out of the 
Gila. The going rate in 2011 for purchasing water from the CAP is $122 per acre-foot (one acre-
foot is 326,000 gallons, enough water to supply a suburban US household for one year). For 
example, if New Mexico were to divert all of the 14,000 acre-feet of water in 2011, we would 
have to pay $1.7 million in exchange cost. This cost is predicted to rise 5% per year, according to 
the CAP. 

- When you factor in a 15%-30% evaporation rate from a reservoir used to store diverted water, 
as much as 6,000 acre-feet per year could be lost to evaporation. New Mexico would have to 
pay the exchange cost for that water — $732,000 at 2011 CAP costs — even though it would be 
lost to the atmosphere only to come down as rain in some distant locale. 

 
 
The analysis needs to consider the non-diversion alternatives that the AWSA allows for and have been 
proposed throughout the study process, should also be looked at as viable water alternatives in the EIS 
study to understand their benefit (both net and per capita) to cost analysis to the 4 county area. These 
include:  

- Municipal Water Conservation measures reduce the demand for water and therefore minimize 
the need to develop new water supplies. 

- Agricultural Water Conservation reduces agricultural water consumption through the 
installation of water efficient technologies.  

- Effluent Reuse is a widely used strategy for conserving water by applying treated effluent to 
irrigate public facilities, such as athletic fields, cemeteries and golf courses.  

- Sustainable Groundwater Management balances groundwater use with groundwater recharge 
to ensure the long term sustainability of our aquifer.   

- Watershed Restoration consists of a variety of activities that can contribute to the health of a 
watershed, including protection or improvement of water quality, enhancing water supply, 
and/or enhancing ecosystems 

 
 
 
Thank you for the opportunity to provide input into the NM Unit NEPA EIS process.  
 
Peter Coha 
 
 
 
 
 
 
 
 
 
 



From: Andrew Dahl-Bredine <andrewdahlbredine@gmail.com> 

Sent: Friday, July 20, 2018 12:28 PM 

To: NM Unit EIS 

Subject: Personal Comments on EIS statement scoping meeting for CAP 
Project 

Attachments: Letter to Bureau of Reclamation.rtf; Letter to Bureau of 
Reclamation.rtf 

 

Hello, 

 

     my name is Andrew Dahl-Bredine. I am a resident of the Gila Valley, and I have attached my 
comments below in two different formats.  Please let me know if you have any problems accessing my 
comment letter due to formatting issues, etc.   

 

           Thanks very much, 

 

 

                             Andrew 



Comments of Andrew Dahl-Bredine, landowner and farmer in the Gila Valley  
Regarding the Notice of Intent to  

Prepare an Environmental Impacet Statement,  
New Mexico Unit of the Central Arizona Project;  

Catron, Grant, and Hidalgo Counties, NM 
 

Delivered via NMUnitEIS@empsi.com 
 

July 20, 2018 
 

 My name is Andrew Dahl-Bredine, and I am writing to submit my comments about the 
scoping meeting I attended recently in Silver City, NM concerning the proposed CAP project.  I 
own land on the Fort West Ditch in the upper Gila Valley.   
 
 I have numerous concerns about the proposed action by the CAP entity in the Gila 
Valley that I would like to express for your consideration.  First of all, as a valley resident and 
landowner with intentions to farm and irrigate on our land, I am currently in the process of  
buying existing decree water rights from another local Gila Valley Resident.  These water 
rights are readily available, affordable, and the upkeep costs of owning these irrigation rights 
are extremely reasonable.  I have a number of friends in the area that have been using these 
decree water rights for decades to irrigate their crops without issue, even in the driest of years. 
 
 On one of the maps provided at the scoping meeting, my land as well as the land of 
numerous friends is labeled as "potential AWSA."  I personally have no interest in purchasing 
or using AWSA water, as my water needs are currently easily met with the existing ditch and 
irrigation infrastructure, which is much preferred to the proposed actions by the CAP entity for 
many reasons.   
 
 The first reason I and many others I've spoken with prefer the existing system, possibly 
with minor alterations as suggested by the Gila Conservation Coalition, is that there does not 
seem to be a need for the huge project and excess infrastructure; as far as I know, the Gila 
Valley users are currently all getting their water needs met, even in dry years. 
 
 The second reason involves concerns about environmental impact.  The reason I live in 
the Gila Valley is because I greatly value and appreciate the natural beauty around us.  My 
home is a stone's throw from the Fort West Ditch, and while this ditch functions well for 
irrigators, it is also surrounded by an impressive canopy of native trees, flora, and home for 
hundreds of species of birds, amphibians, fish, reptiles, and mammals, some of which are 
already endangered.  This ditch does not look like what one imagines when they hear the 
words "irrigation ditch."  Rather, it looks and functions in many ways like a wild river.  At this 
point, some of the proposed actions, such as increasing the capacity of the existing ditches from 
25 cfs to 50 cfs, or even worse, lining them with concrete, would cause serious damage to these 
ecosystems.   



 
 In addition to the environmental impact, my family and I as local landowners and 
residents would be greatly affected in terms of quality of life.  First of all, any widening or 
significant alteration of Fort West Ditch would directly impact my home, as it is close enough to 
be affected by any significant contruction so close to our house.  We live here because of the 
natural beauty and the aesthetic appeal of this landscape, the closeness to birds and wildlife, 
the quiet, and so on.   
 
 Another reason I oppose the current proposal involves concerns about how the drilling 
of wells in the valley will affect the aquifer and the availability of water in the future in this 
area.  Contrary to the claims of the CAP entity, drilling, pumpinhg, and storing large amounts 
of water in this valley may very well have the opposite effect from what they propose and 
actualy decrease water security for our children and their children.  Over and over we as 
humans seem to slowly learn that a technological intervention that seems to make sense does 
not always work out as we thought it might.  We currently have enough water that flows 
naturally out the mountains in the Gila National Forest and Wilderness and fills the individual 
wells in the valley.  Isn't it possible that pumping large amounts of sub-surface water will 
negatively affect water availability as it has done in California?  And the evaporation factor 
using large surface water storage is something to be seriously considered.  Why stockpile our 
water resources that are maintaining themselves sufficiently for the needs of the local 
population, even during this major drought, when the possible negative repercussions of this 
stockpiling proposal are formidable?  
 
 Yet another concern I have is the potential difficulty of being able to discern what is 
decree water and what is CAP water.  While we Gila Valley water users currently have a 
system that provides the water we need at a price we can afford, the CAP proposals involve 
extremely expensive infrastructure that will require significant money to upkeep and be able to 
convey water.  I, like other Cliff and Gila residents, am certain that at some point we will be 
asked to fit the bill for water we didn't ask for and infrastructure we didn't want.  In this way, 
our quality of life is directly at stake with this question of building diversion and conveyance 
infrastructure that costs tens if not hundreds of millions of dollars.   
 
 In closing, I would suggest to you that the Gila Valley users in general prefer a simpler 
life involving simpler technologies and infrastructures such as those we currently have: 
gravity-flow irrigation off of the river using simple diversion methods that we in the valley can 
direct, maintain, and afford ourselves.  Please consider our voices as residents, landowners, 
and irrigators of this valley that we so love.   
 
 
  Sincerely, 
 
 Andrew Dahl-Bredine 
 

  



Comments of Andrew Dahl-Bredine, landowner and farmer in the Gila Valley  
Regarding the Notice of Intent to  

Prepare an Environmental Impacet Statement,  
New Mexico Unit of the Central Arizona Project;  

Catron, Grant, and Hidalgo Counties, NM 
 

Delivered via NMUnitEIS@empsi.com 
 

July 20, 2018 
 

 My name is Andrew Dahl-Bredine, and I am writing to submit my comments about the 
scoping meeting I attended recently in Silver City, NM concerning the proposed CAP project.  I 
own land on the Fort West Ditch in the upper Gila Valley.   
 
 I have numerous concerns about the proposed action by the CAP entity in the Gila 
Valley that I would like to express for your consideration.  First of all, as a valley resident and 
landowner with intentions to farm and irrigate on our land, I am currently in the process of  
buying existing decree water rights from another local Gila Valley Resident.  These water 
rights are readily available, affordable, and the upkeep costs of owning these irrigation rights 
are extremely reasonable.  I have a number of friends in the area that have been using these 
decree water rights for decades to irrigate their crops without issue, even in the driest of years. 
 
 On one of the maps provided at the scoping meeting, my land as well as the land of 
numerous friends is labeled as "potential AWSA."  I personally have no interest in purchasing 
or using AWSA water, as my water needs are currently easily met with the existing ditch and 
irrigation infrastructure, which is much preferred to the proposed actions by the CAP entity for 
many reasons.   
 
 The first reason I and many others I've spoken with prefer the existing system, possibly 
with minor alterations as suggested by the Gila Conservation Coalition, is that there does not 
seem to be a need for the huge project and excess infrastructure; as far as I know, the Gila 
Valley users are currently all getting their water needs met, even in dry years. 
 
 The second reason involves concerns about environmental impact.  The reason I live in 
the Gila Valley is because I greatly value and appreciate the natural beauty around us.  My 
home is a stone's throw from the Fort West Ditch, and while this ditch functions well for 
irrigators, it is also surrounded by an impressive canopy of native trees, flora, and home for 
hundreds of species of birds, amphibians, fish, reptiles, and mammals, some of which are 
already endangered.  This ditch does not look like what one imagines when they hear the 
words "irrigation ditch."  Rather, it looks and functions in many ways like a wild river.  At this 
point, some of the proposed actions, such as increasing the capacity of the existing ditches from 
25 cfs to 50 cfs, or even worse, lining them with concrete, would cause serious damage to these 
ecosystems.   



 
 In addition to the environmental impact, my family and I as local landowners and 
residents would be greatly affected in terms of quality of life.  First of all, any widening or 
significant alteration of Fort West Ditch would directly impact my home, as it is close enough to 
be affected by any significant contruction so close to our house.  We live here because of the 
natural beauty and the aesthetic appeal of this landscape, the closeness to birds and wildlife, 
the quiet, and so on.   
 
 Another reason I oppose the current proposal involves concerns about how the drilling 
of wells in the valley will affect the aquifer and the availability of water in the future in this 
area.  Contrary to the claims of the CAP entity, drilling, pumpinhg, and storing large amounts 
of water in this valley may very well have the opposite effect from what they propose and 
actualy decrease water security for our children and their children.  Over and over we as 
humans seem to slowly learn that a technological intervention that seems to make sense does 
not always work out as we thought it might.  We currently have enough water that flows 
naturally out the mountains in the Gila National Forest and Wilderness and fills the individual 
wells in the valley.  Isn't it possible that pumping large amounts of sub-surface water will 
negatively affect water availability as it has done in California?  And the evaporation factor 
using large surface water storage is something to be seriously considered.  Why stockpile our 
water resources that are maintaining themselves sufficiently for the needs of the local 
population, even during this major drought, when the possible negative repercussions of this 
stockpiling proposal are formidable?  
 
 Yet another concern I have is the potential difficulty of being able to discern what is 
decree water and what is CAP water.  While we Gila Valley water users currently have a 
system that provides the water we need at a price we can afford, the CAP proposals involve 
extremely expensive infrastructure that will require significant money to upkeep and be able to 
convey water.  I, like other Cliff and Gila residents, am certain that at some point we will be 
asked to fit the bill for water we didn't ask for and infrastructure we didn't want.  In this way, 
our quality of life is directly at stake with this question of building diversion and conveyance 
infrastructure that costs tens if not hundreds of millions of dollars.   
 
 In closing, I would suggest to you that the Gila Valley users in general prefer a simpler 
life involving simpler technologies and infrastructures such as those we currently have: 
gravity-flow irrigation off of the river using simple diversion methods that we in the valley can 
direct, maintain, and afford ourselves.  Please consider our voices as residents, landowners, 
and irrigators of this valley that we so love.   
 
 
  Sincerely, 
 
 Andrew Dahl-Bredine 
 

  



From: Tom Dwyer <tmdwyer52@gmail.com> 

Sent: Friday, July 20, 2018 4:08 PM 

To: NM Unit EIS 

Subject: Scoping Comments -Upper Gila- Dwyer 

 

To whom it may concern; 

As a citizen i must say i'm very disappointed in the BOR for 
providing such a short window of public review AFTER the PA 
was made public on the web. 

That aside, i wish the EIS to address the following issues: 

 

1. Cost/Benefit Analysis - what is the greatest return on the 
investment $$'s?  Conservation alternatives will serve more 
people. Grass is cheap.  Recreation is growing. 

 

2. Effects of removal of water on water table, T&E species, 
other wildlife, as well as flora (native and non). 

 

3. Water quality effects from water returned to the river from 
fields. 

 



4. Effects on flora and fauna from reduced water quality. 

 

Thank you 

Tom Dwyer 



From: Sheree Frederick <mebsdf2012@gmail.com> 

Sent: Friday, July 20, 2018 8:42 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

07/20/18 

Michael Ballas and Sheree Frederick 

mebsdf2012@gmail.com 

PO Box 203 

Gila, NM 88038 

  

The purpose of this email is to comment on the proposed New Mexico Unit (NM Unit) of the 
Central Arizona Project (CAP). 

  

We have been property owners and permanent residents in Gila, New Mexico, for the past six 
years, and like most of our neighbors, we depend upon the groundwater from our well for our 
daily health and well-being. 

  

Michael has knowledge of and experience with water use—he held a waterworks operator’s 
license to own and operate a potable water company which served several rural communities 
in Southwestern Pennsylvania for approximately twelve years.  We are very concerned that the 
water diversion, storage, conveyance and delivery system as proposed for the sole benefit of a 
small group of agricultural users at the detriment of the majority of domestic users will 
adversely affect the groundwater levels in the Gila Valley, drastically lowering the static water 
levels in domestic wells, and rendering them unusable.  The water removed by the combined 
effects of the surface diversion and groundwater pumping cannot possibly be recovered by 
natural recharge.  What insurance and assurance is there that the water needs of the domestic 
users will continue to be met?  In addition, the proposed infiltration of surface waters into the 
aquifer will undoubtedly introduce contaminants into the aquifer, threatening the 
potability, posing a liability to the health and well-being of area residents, and resulting in 

mailto:mebsdf20152@gmail.com


infractions of the parameters of the Safe Drinking Water Act, which could result in lengthy and 
costly litigation.   

  

We understand that as part of the evaluation of a NM Unit of the CAP, the Bureau of 
Reclamation must conduct its analysis of the alternatives consistent with the federal Principles, 
Requirements and Guidelines for Water and Land Related Resources Implementation Studies 
(PR&Gs). 

  

The purpose of a PR&G analysis is to provide information to help maximize public benefits with 
appropriate consideration of costs.  However, in stark contrast to this purpose, the proposed 
plan to divert surface and ground water from the Gila Valley, convey it for storage and deliver it 
to agricultural users benefits only a select few and injures the majority of domestic users, and 
at an unconscionable cost. 

  

The objective under the PR&Gs is to promote guiding principles to develop and evaluate water 
resource development alternatives, including healthy and resilient ecosystems; sustainable 
economic development; floodplains; public safety; environmental justice; and a watershed 
approach.  However, the proposed plan violates most, if not all, of these principles by 
threatening ecosystems; establishing a system that cannot support or sustain itself; 
jeopardizing public health and safety; and sacrificing the needs of the many for the wants of the 
few. 

  

A PR&G analysis must identify, describe and consider areas of risk and uncertainty for potential 
investments in water resources.  However, the proposed plan is incomplete, vague, and poorly 
defined, and leaves many basic questions totally unanswered.  Nevertheless, we all understand 
that this is a very risky proposal which threatens habitats and lifestyles, and will cost much 
more than the AWSA construction subsidy provided. 

  

Both the PR&Gs and the National Environmental Policy Act (NEPA) require consideration of a 
reasonable range of alternatives.  However, the proposed plan does not address non-diversion 
alternatives which could meet the community water needs of thousands, but instead places a 
currently secure water source at risk to serve a preferential minority. 

  



Left alone, we currently have a safe and reliable potable water source which will continue to 
service the community’s residents for years to come.  This valuable life-sustaining resource 
should not be jeopardized.  We urge you to seriously consider the long-term and far-reaching 
effects of the proposed expensive, wasteful, technically infeasible diversion plan and not to 
limit the scope of your examination capriciously.  The identification and evaluation of 
alternatives is the heart of the NEPA analysis, and a no-action alternative is also a viable, and 
quite possibly, the best alternative. 

  

  

 



From: Carol Ann Fugagli <cfugagli@gmail.com> 

Sent: Friday, July 20, 2018 11:16 AM 

To: NM Unit EIS 

Subject: scoping comments 

Attachments: Carol Ann's AWSA comments.docx 

 

Please see attached. 

Thank you. 



 
July 20, 2018  
Phoenix Area Office, Bureau of Reclamation 
ATTN: NM Unit EIS, Project Manager Mr. Sean Heath 6150 West Thunderbird Road 
Glendale, AZ 85306 
(via email to: NMUnitEIS@empsi.com)  
RE: Notice of Intent (Federal Register: June 12, 2018 – 83 FR 27347) 
 
 Dear Mr. Heath:  
 
I would like to express my views on the proposed diversion to the Gila River. 
Thank you, 
Carol Ann Fugagli 
cfugagli@gmail.com 
575.956.3301 

 
I lived in the Cliff/Gila Valley for 14 years, farmed, had agricultural animals and 
family gardens.  I currently live in Silver City and am very concerned about the 
proposed action and I listed the items below: 
 

Project Goals and Feasibility 
 
*Design of project not clearly defined 
*Cost of project not defined at all 
*Final cost of water not defined 
*Final users of water would be Freeport-McMoRan and they don’t need the water 
* In Cliff/Gila Valley, no irrigators would be able to use the water since all storage 
ponds are downriver. 
*Annual maintenance costs would be exceedingly high 
 
 

NO To Ground Water Wells! 
 
*Aquifers are unimaginably complex and incredibly fragile; once tapped, they can 
take more than 6,000 years to replenish.  
 

*In 2015, NASA published its first comprehensive study of global groundwater 
reserves.  The results? Of the planet’s 37 major aquifer systems, they discovered, 21 
were on the verge of collapse.  
 
*Most residents in the Cliff/Gila Valley would not be able to afford to dig deeper 
wells. Their livelilhood would be in jeopardy. 
 
*Please take the Sulphur Valley in Arizona as an example of how agriculture dries 
and lowers the aquifers.  This is a terrible situation and we do not want it to be 
repeated in the Cliff/Gila Valley, or anywhere. 
 



Alternative: NO ACTION is BEST FOR EVERYONE 
 
*The current situation works better than the proposed action.  I lived and irrigated 
in the Cliff/Gila Valley for 12 years.  There is a short 6-week period of time when 
irrigators need to go on turns.  This means, each irrigator has a certain amount of 
time they can irrigate and not just a ‘free for all’ approach.  This is an inconvenience 
but no one goes without water!  
 
* ‘push-up’ dam works well enough..  When it blows out, one person gets paid to re-
build which takes only a day.  This is MUCH more cost effective and MUCH less 
damage to the ecosystem than this diversion project! 
 
*Current adjudicated water usage needs to be metered!  More water is being used 
than allocated.  If metered, we will know exactly how much water there really is to 
be used.   Right now, we do not know. 
 
*No one is suffering financially due to lack of water. 
*Water is currently cheap; $20/acre foot/year.  End cost of proposed plan is 
unknown and will be expensive. 
 
*$66M (2004 value) can be used for non-diversion alternatives that can benefit the 
four counties people.  This is benefitting the majority of people and is common 
sense! 
 
*Proposed action has too many unknowns, too many uncertainties. 
 
*Proposed action is NOT a good business plan!  If a bank were approached with such 
a plan asking for a loan, it would not be approved! 
 
*Any reasonable person can see that the proposed action is a bad idea.  Please use 
the ‘NO Action’ alternative to benefit Southwest New Mexico’s residents. 
 

Biological Impact 
 
*Flooding is a natural and needed force in the ecosystem to keep it healthy. 
Specifically, the floods that range in the 400-4,000cfs level.  They flood over the 
banks to create back water sloughs where the groundwater is replenished, willows 
and cottonwoods can grow and provide a refuge for fish. 
 
*The habitat of seven endangered animals would be severely compromised. 
 
*Created habitat around the proposed ponds will not be effective.  These ponds 
would have to have a constant supply of water in order for the vegetation and 
wildlife to thrive.  The Southwest Willow Flycatcher needs not only willows and 
cottonwood trees as a nesting substrate, but it requires a high humidity system for 
the production of its food source.  Just because there are willows present does not 
mean the SWFL will occupy that habitat. 



 
*Diverted rivers provide an opportunity for exotic invasive plant species to thrive, 
such as Tamarix Sp. If the ground is dry during the early spring, salt cedar saplings 
take hold and will grow voraciously.  However, if the sandbars are covered with 
water during this time due to small high water events, the invasive plant will not 
grow. 
 
 
 
 
 
 
 

 

 



From: Carol Ann Fugagli <cfugagli@gmail.com> 

Sent: Friday, July 20, 2018 11:16 AM 

To: NM Unit EIS 

Subject: scoping comments 

Attachments: Carol Ann's AWSA comments.docx 

 

Please see attached. 

Thank you. 



 
July 20, 2018  
Phoenix Area Office, Bureau of Reclamation 
ATTN: NM Unit EIS, Project Manager Mr. Sean Heath 6150 West Thunderbird Road 
Glendale, AZ 85306 
(via email to: NMUnitEIS@empsi.com)  
RE: Notice of Intent (Federal Register: June 12, 2018 – 83 FR 27347) 
 
 Dear Mr. Heath:  
 
I would like to express my views on the proposed diversion to the Gila River. 
Thank you, 
Carol Ann Fugagli 
cfugagli@gmail.com 
575.956.3301 

 
I lived in the Cliff/Gila Valley for 14 years, farmed, had agricultural animals and 
family gardens.  I currently live in Silver City and am very concerned about the 
proposed action and I listed the items below: 
 

Project Goals and Feasibility 
 
*Design of project not clearly defined 
*Cost of project not defined at all 
*Final cost of water not defined 
*Final users of water would be Freeport-McMoRan and they don’t need the water 
* In Cliff/Gila Valley, no irrigators would be able to use the water since all storage 
ponds are downriver. 
*Annual maintenance costs would be exceedingly high 
 
 

NO To Ground Water Wells! 
 
*Aquifers are unimaginably complex and incredibly fragile; once tapped, they can 
take more than 6,000 years to replenish.  
 

*In 2015, NASA published its first comprehensive study of global groundwater 
reserves.  The results? Of the planet’s 37 major aquifer systems, they discovered, 21 
were on the verge of collapse.  
 
*Most residents in the Cliff/Gila Valley would not be able to afford to dig deeper 
wells. Their livelilhood would be in jeopardy. 
 
*Please take the Sulphur Valley in Arizona as an example of how agriculture dries 
and lowers the aquifers.  This is a terrible situation and we do not want it to be 
repeated in the Cliff/Gila Valley, or anywhere. 
 



Alternative: NO ACTION is BEST FOR EVERYONE 
 
*The current situation works better than the proposed action.  I lived and irrigated 
in the Cliff/Gila Valley for 12 years.  There is a short 6-week period of time when 
irrigators need to go on turns.  This means, each irrigator has a certain amount of 
time they can irrigate and not just a ‘free for all’ approach.  This is an inconvenience 
but no one goes without water!  
 
* ‘push-up’ dam works well enough..  When it blows out, one person gets paid to re-
build which takes only a day.  This is MUCH more cost effective and MUCH less 
damage to the ecosystem than this diversion project! 
 
*Current adjudicated water usage needs to be metered!  More water is being used 
than allocated.  If metered, we will know exactly how much water there really is to 
be used.   Right now, we do not know. 
 
*No one is suffering financially due to lack of water. 
*Water is currently cheap; $20/acre foot/year.  End cost of proposed plan is 
unknown and will be expensive. 
 
*$66M (2004 value) can be used for non-diversion alternatives that can benefit the 
four counties people.  This is benefitting the majority of people and is common 
sense! 
 
*Proposed action has too many unknowns, too many uncertainties. 
 
*Proposed action is NOT a good business plan!  If a bank were approached with such 
a plan asking for a loan, it would not be approved! 
 
*Any reasonable person can see that the proposed action is a bad idea.  Please use 
the ‘NO Action’ alternative to benefit Southwest New Mexico’s residents. 
 

Biological Impact 
 
*Flooding is a natural and needed force in the ecosystem to keep it healthy. 
Specifically, the floods that range in the 400-4,000cfs level.  They flood over the 
banks to create back water sloughs where the groundwater is replenished, willows 
and cottonwoods can grow and provide a refuge for fish. 
 
*The habitat of seven endangered animals would be severely compromised. 
 
*Created habitat around the proposed ponds will not be effective.  These ponds 
would have to have a constant supply of water in order for the vegetation and 
wildlife to thrive.  The Southwest Willow Flycatcher needs not only willows and 
cottonwood trees as a nesting substrate, but it requires a high humidity system for 
the production of its food source.  Just because there are willows present does not 
mean the SWFL will occupy that habitat. 



 
*Diverted rivers provide an opportunity for exotic invasive plant species to thrive, 
such as Tamarix Sp. If the ground is dry during the early spring, salt cedar saplings 
take hold and will grow voraciously.  However, if the sandbars are covered with 
water during this time due to small high water events, the invasive plant will not 
grow. 
 
 
 
 
 
 
 

 

 



From: Mike Fugagli <mfugagli@gmail.com> 
Sent: Friday, July 20, 2018 4:13 PM 
To: NM Unit EIS 
Subject: AWSA Scoping Comments 
 
July 20, 2018   
  

Phoenix Area Office, Bureau of Reclamation   

ATTN: NM Unit EIS, Project Manager  
Mr. Sean Heath  
6150 West Thunderbird Road Glendale, AZ 85306  
(via email to: NMUnitEIS@empsi.com)  
  
RE: Notice of Intent (Federal Register: June 12, 2018 – 83 FR 27347)  
  
Dear Mr. Heath:  
  

Thank you for the opportunity to provide scoping comments to help guide the preparation of a Draft 
Environmental Impact Statement (DEIS) to evaluate the effects of the construction and operation of a 
New Mexico Unit (NM Unit) of the Central Arizona Project (CAP), as proposed by the NM CAP Entity (NM 
CAPE) and published in the Federal Register on June 12, 2018 (83 FR 27347). 
 
I write these comments in stunned disbelief at the shoddy nature of this ill-conceived proposal.  The 
National Environmental Policy Act's vision of a substantive mandate to establish a harmonious 
relationship between man and his environment has been reduced to the consideration of a phantom 
project without any meaningful definition. I have always understood the public participation component 
of  NEPA to be, perhaps, the law's greatest advance, a cornerstone of our democratic process, but to be 
asked to comment on a project this low in caliber highlights poignantly the principal reason NEPA is 
unjustly criticized as an administrative burden: the continue proposal of harmful projects that result in 
protracted conflict.  
 
Never-the-less, here we are, in the early part of the 21st Century, in the midst of a global mass 
extinction event, and in the driver's seat of a new geologic epoch called the Anthropocene, ready to 
drain another river. Sadly, it seems, NEPA has failed us. Without a substantive interpretation of NEPA's 
mandate, my Government has allowed the unthinkable to happen. Through its affirmative actions 
supporting a fossil-fuel based energy system, despite at least 50 years of scientific warnings regarding 
the risk of anthropogenic carbon forcing, our Government has contributed  significantly to the end of 
our 10,000 year era of remarkable climate stability known as the Holocene Epoch.  This predicted and 
preventable outcome - the destruction of a stable-state Earth-climate system - is the logical outcome of 
treating the NEPA process as an burdensome administrative hurdle rather than the guiding National 
policy that it was intended to be, and it threatens my constitutionally protected rights to life, liberty, 
property, inter-generational equity, and the safe stewardship of public  
 
I first moved to the Cliff-Gila valley in 1996 as a visiting ornithologist interested in the dramatic contrast 
in extant riparian obligate bird populations between southern California and the upper Gila River. I 



homesteaded near the top of the valley for 15 years before recently moving to Silver City so that my son 
can attend Aldo Leopold Charter School. From 2000 to 2008, I worked as the Staff Naturalist at The 
Nature Conservancy (TNC)'s Bear Mountain Lodge in Silver City. In that capacity, I took thousands of 
guests to visit TNC preserve areas, and taught them about the bio-fluvial geomorphology of the Gila 
River. 
 
In the Cliff-Gila valley, where the bulk of this project alternative is proposed, the Gila River continues to 
flow with its natural hydrologic regime, in flood stage, almost intact. The Cliff-Gila valley is the first 
broad alluvial floodplain that the Gila River enters into once it has left its headwaters in the Gila National 
Forest and Wilderness areas, acting naturally as a flood-energy release valve when floodplains are active 
with the potential to dispersed flood energy across a broad area. 
 
That the remarkable cottonwood-willow forests, which dominate the riparian community throughout 
the valley, have survived the 20th Century with their ecological integrity relatively intact is a testament 
to the systemic importance of an intact hydrological regime on riparian ecosystem persistence. The 
forest's resistance to change and resilience to stressors has allowed a remarkable biological diversity to 
persist despite a century of grazing on the river corridor (which continues in some locations); an ill-
conceived channelization program in the 1950s and 1960s that turned the valley reach into a canyon 
reach, and eliminated those potentialities, like persistent wetlands, that only valley reaches can provide; 
and the continued diversion of water for floodplain agriculture ( in a volume that already has 
significantly negative ecological effects on the river corridor, including areas of floodplain collapse and 
summer month desiccation. 

Still, with the removal of cattle from much of the river corridor, and the ongoing erosion of levee 
structures that leaves the river increasingly free to follow its native meander pattern, the Cliff-Gila valley 
remains an  one of our best reference condition riparian systems in the American southwest.  
 
Interestingly, the cottonwood-willow forest itself is the primary "keystone" component in this 
community, with a highly evolved structural and reproductive ecology that allows the 
riparian community to successfully weather high energy flooding events. Cottonwoods and willows do 
battle with gravity, relying on the unifying forces of stem density and total floodplain friction to slow 
down and redirect flood waters. As a riparian system begins to degrade, stem density and the total 
frictional resistance of the floodplain declines, but not linearly. There is a threshold point where flood 
energy overcomes frictional resistance, and catastrophic scouring occurs in a positive feedback loop 
leading to floodplain collapse.  
 
The defining characteristic of the upper Gila River is its highly variable flows, with the largest floods 
setting the stage for life, and the smaller floods nourishing the actors. The large floods, which create the 
bio-fluvial geomorphology of the floodplain, are already larger than they would have been historically 
because of massive soil loss, and a decreased retention time of water in the upper watershed as a result 
of unsustainable late 19th and 20th Century grazing practices, and the alteration of natural fire regimes. 
 
Now, climate change looms over water issues in the American southwest as the predicted principal 
driver of ecological change in the region this century. The best available climate/resiliency science, 
including the work being done by Nate McDowell's group at Los Alamos National Laboratory (LANL), and 
the regional climate change vulnerability assessment that the Gila National Forest (GNF) is using for its 
ongoing Revised Forest Planning process, is predicting wholesale ecological change. The LANL group is 
predicting, based on its three-pronged research design of observation, experimentation, and modeling, 



massive mortality events this century for needle-leaf evergreen ecosystems in the American southwest. 
This would not only include the loss of high elevation spruce-fir and mixed pine forests, but the 
continued and accelerated loss of the world's largest ponderosa pine forest. Stretching all the way 
across the Mogollon Plateau, which has already been reduced by 25% since the 1970s? Surprisingly, the 
loss is expected to include even our pinon-juniper woodlands, which, like their coniferous relatives, have 
a relatively low physiological tolerance to heat and drought. 
 
Death by hydraulic failure and starvation, increased wildfire, pests, and disease are all predicted. Most 
worrisome, perhaps is the decreasing length of drought that will be needed to set off a mortality event. 
With every degree rise in average regional temperature, the length of drought necessary to precipitate a 
mortality event decreases. For example, if today, it takes 11 months of drought to precipitate a mortality 
event, scientists predict that by the end of the century it may only take 6 months of drought to have the 
same affect. That's bad news, because 6 month droughts are much more common, just like the small 
floods that would be most significantly altered by a river diversion. 
 
The regional vulnerability assessment being used by the Gila National Forest clearly forecasts 
unprecedented human-scale ecological change for the land areas of Arizona and New Mexico. The 
science is summarized by the author with these statements: 

"Overall the analysis suggests that only a small extent of the study area (6%) is projected to remain 
within its climate envelope by the year 2090. While vulnerability varied among ERUs, over 70% of the 
region is in high or very high vulnerability – i.e., three or more standard deviations from the climate 
envelope mean." 
 
"The overall vulnerability pattern for the Southwest suggests remarkable change, with a substantial land 
area of every ERU projected to exceed characteristic climate envelope conditions." 
 
"Our study suggests that Southwest ecosystems are substantially vulnerable to climate change, with 
those of cold climate affinities being the most vulnerable." 
 
"Though the results varied from one ecosystem type to another, the majority of lands (>75%) were 
categorized as high or very high vulnerability, while an uncertainty score of low was given to the 
majority of lands (55%)." 
 
Since that vulnerability assessment came out, new science published in the journal Nature, in January 
2018, has shown the current risk of a 4 degree Celsius average global temperature rise by 2100 to have 
increased from 63% to 94%, a temperature range consistent with the physiological tree stress predicted 
by LANL. 
 
What the climate science is telling us is that the watershed above the project area is expected, with near 
certainty, to be under a great deal of stress in the coming decades. With the potential loss of so much 
forest, an expectation that future precipitation may come in more intense storms, and the increased risk 
of losing whatever snowpack we do get to warm winter rains, the reasonable expectation is that, 
overall, the hydrologic character of the upper Gila watershed will be flashier in the future. That means, 
in turn, that our riparian forest will likely have to deal with more catastrophic energy on a more regular 
basis. 
 
The importance of riparian areas in the American southwest to biological diversity is well established, 



with over 80% of vertebrate species utilizing these areas for all or part of their life cycle. What is only 
now being appreciated, as the reality of our climate crisis sinks in, is the increased importance that 
riparian areas now have as refugial landscapes: areas that because of their topographic, hydrologic, or 
other unique condition, will allow species and ecosystems to persist under rapidly changing conditions. 
Unconstrained by canyon walls, and blessed with a natural hydrology at its upper end, the Cliff-Gila 
Valley is a classic example of a refugial landscape. Also a cold sink for mountain air, the valley contains 
critical core and source populations for riparian obligate species like the southwestern willow flycatcher 
and the western yellow-billed cuckoo. 
 
The protection of climatic refugia, during periods of profound ecological change like the present, has 
become synonymous with NEPA's mandate for ecological sustainability. Refugial areas, like the Cliff-Gila 
valley, must be managed for their persistence as ecological reference areas, and any federally 
sanctioned projects should be laser-focused on restoration activities that increase the riparian 
system's  ecological resilience and resistance at a scale the corresponds in magnitude to the predicted 
stress. 
 
This project does the opposite. Because big floods are few and far between, reliable capture of AWSA 
water will require, based on the probability curve of flood size, significant withdrawal during the small 
flood stage, maybe 300 to 3,000 cfu. The ratio of withdrawal to flow is, of course, larger during lower 
flow events, which means there is a greater effect on ecologic potential. 
 
Those frequently occurring small floods are critical for the ecological integrity of the "greenline": those 
riparian communities subjected most frequently to catastrophic flood energy. Sitting on primary and 
secondary floodplains, these communities are the heart of the riparian ecosystem, and along with the 
American beaver, another keystone component of the reference condition, these young vigorous 
stringers of forest that stand parallel to the river, with their upstream ends standing like the bow of a 
ship, sending floodwaters around the stringer’s backsides where flood energy is diverted into new 
channels and overall topographic richness. 
 
The greenline's stem density and distribution is most at risk from an AWSA diversion, and it’s not just 
the risk of a lower systemic resistance to flood energy. With a less vigorous greenline due to significant 
reductions in the volumes of small floods, a reduce canopy cover will decrease opportunities for species, 
like the western yellow-billed cuckoo, that depend on low temperature/high humidity environments. In 
the long-term, by degrading the critical ecological role of small floods, this project would significantly 
decrease the ecological resilience and resistance of the river corridor to catastrophic flood energy at a 
time of climate crisis, when the ecological systems of the upper watershed are already so seriously 
threatened. 
 
In a sane world, instead of a few farmers and the world's largest gold and copper company holding 
hands in what appears to be a living remnant of the region's old boy's culture, these AWSA monies 
would be used toward the restoration, recovery, and resilience of the upper watershed, with the specific 
goal of capturing AWSA water through the restoration of degraded or missing ecological processes. 
 
Because of the almost comically narrow focus of project type alternatives to be consider under this NOI, 
where non-diversion alternative uses of AWSA monies, better spent by a long shot, and for the benefit 
of so many more people in southwestern New Mexico, might not be evaluated, I would like to suggest 
that you consider at least one alternative diversion alternative (ADA). 
 



In this ADA, diversion of AWSA water will be bio-engineered. By working with regional land management 
partners we will significantly increase the retention time of future precipitation in the upper Gila 
watershed. Focusing on the restoration and recovery of critical ecological processes like soil formation, 
soil retention, and water storage, the ADA will provide ensure that the upland habitats that feed the Gila 
River will have a greater resilience and resistance to the changes ahead.  But the heart of the ADA will 
be Castor canadensis, the American beaver, who will work for free as an ecosystem engineer, bring all of 
his own tools, and supply all of his own energy. 
 
Ecological health is not linear, you can't just turn a larger system into a smaller one with all the same 
components. Ecological systems, like climate systems, are characterized by various thresholds and 
steady states. The addition on beaver into riparian systems is a threshold event. In a functional system, 
the diversion of water by beaver can dramatically, though a series of ecological effects, increase the 
retention time of water in a watershed, with year-round improvements in base flow stability.  
 
Since there is no language in the NOI regarding the technological means of diversion, I assume that the 
wide-variety of land management actions that would lead to a robust population of river diverting 
beaver in the upper Gila watershed would be a viable alternative under this NOI, and far better use of 
taxpayer's money. 
 
In the upper Gila watershed,its not water that needs to be diverted, its flood energy. At this moment in 
history, resiliency is the name of the game. With this potentially harmful, though undefined proposal, 
the project applicants are clearly demonstrating an uninformed understanding of the challenge before 
us. As decision markers, it is imperative that you place this project in context. 
 
All over this country, and around the world, legal challenges to the climate crisis are making their way 
through the courts. Many plaintiffs are young people claiming that their constitutionally protected rights 
are being infringed. Often, they are seeking climate recovery plans in a last ditch effort to use the 
world's judicial systems to affect change where executive and legislative bodies have failed. 
 
We are at the zero point, when recovery must begin in earnest if we are to successfully weather the 
ecological bottlenecks of the 21st Century. As government representatives, it is incumbent on you to 
look toward the future in a way that evaluates societal progress through the lens of global mass 
extinction and climate change. The riparian forests of the Cliff-Gila valley have enough problems coming 
their way. Let's set this silly proposal aside, before to much more of the money is spent, and work 
instead, with a much broader range of people, to ensure for the residents of southwestern New Mexico 
more resilient communities in a more resilient landscape. 
 
 



From: Norm Gaume <normgaume@gmail.com> 
Sent: Friday, July 20, 2018 10:10 AM 
To: NM Unit EIS 
Subject: Re: Joint scoping comments of Norm Gaume and Peter Coha  
 
Dear EIS preparers, 
 
I want to submit for the EIS record the 50 MB CUFA model used to develop the graphs that were 
submitted with these scoping comments. 
 
I can upload to Dropbox file that I will share with you or I can submit on digital media via US mail.  Please 
reply with instructions. 
 
Thanks, 
 
Norm Gaume 
 
 
 
> On Jul 20, 2018, at 7:24 AM, Norm Gaume <normgaume@gmail.com> wrote: 
>  
> Please see the attached scoping comments jointly prepared by Norm Gaume and Peter Coha.  These 
comments pertain to the EIS for the NM Unit of the Central Arizona Project. 
>  
> <2018-07-19 final Gila_AWSA yield sensitivity to diversion capacity and bypass scoping comments.pdf> 
 



From: Norm Gaume <normgaume@gmail.com> 

Sent: Friday, July 20, 2018 11:37 PM 

To: NM Unit EIS 

Subject: Re: Technical scoping comments 

Attachments: 2018-07-20 Gaume technical scoping comments.pdf 

 

Dear EMPSi staff, 
 
I am resubmitting my technical scoping comments, this time with the referenced attachment appended. 
 
Please acknowledge that EMPSi has receive these scoping comments and another set of scoping 
comments that I jointly prepared with Peter Coha pertaining to CUFA modeling and river drying analyses 
that we have conducted. 
 
Norm Gaume 
505 690-7768 
 
  

 
 
> On Jul 20, 2018, at 7:29 AM, Norm Gaume <normgaume@gmail.com> wrote: 
>  
> Please see my technical scoping comments that pertain to the EIS for the NM Unit of the Central 
Arizona Project. 
>  
> <2018-07-20 Gaume technical scoping comments.pdf> 



Comments of Norm Gaume, P.E., (ret.) 
 

Pursuant to the Notice of Intent to 
Prepare an Environmental Impact Statement, 

New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico 
[RR03510000, XXXR0680R1, RR171260120019400] 

 
Delivered Via NMUnitEIS@empsi.com 

 
July 20, 2018 

 
 

Introduction 
 
These comments address technical aspects of the Proposed Action.  These comments are in 
addition and complimentary to the comments of the Gila Conservation Coalition and the joint 
comments of Norm Gaume and Peter Coha pertaining to their modeling of NM Unit water yield 
and analysis of historical river drying. 
 
Norm Gaume, BSEE, MSCE, P.E. (ret.), is a retired licensed professional engineer whose career 
has been focused on water resources planning and management.  He was director of the New 
Mexico Interstate Stream Commission from June 1997 through December 2002. 
 
 
These scoping comments and questions demonstrate a continuum of New Mexico Interstate 
Stream Commission (ISC) and New Mexico Central Arizona Project Entity (NM CAP Entity) 
behavior over many years that has wasted millions of dollars to produce the advocacy science, 
the woefully incomplete planning, and absence of preliminary engineering that now fails to 
provide any meaningful support or definition for the Proposed Action.   It seems impossible for 
the EIS preparers in the short time remaining before the statutory deadline for the Record of 
Decision to address the lack of detail and clarity of the Proposed Action and produce a worthy 
draft EIS and a defensible final EIS. 
 

I.  THE PROPOSED ACTION IS VAGUE AND AMBIGUOUS 
 
It is impossible to understand the Proposed Action.  Basic descriptive information about the 
Proposed Action is required but absent from the NOI, the information available at the public 
scoping meetings, and from the NM CAP Entity’s July 6, 2018 confirmation information.    
 
BOR says as the very first of its assumptions for the biennial project plan to prepare the EIS, July 
2018 through June 2020, that it will be “preparing a project specific EIS with programmatic 



elements and incorporation of Federal Principles Requirements and Guidelines for Water and 
Land Related Resources Implementation Studies (PR&Gs).” 1    The information does not exist to 
provide the basis for a project-specific EIS.  BOR’s Denver Technical Center economist told 
members of the public at public scoping meetings that information needed as the basis of the 
PR&G studies (such as specific proposed uses of project water) is not available and may not be 
timely provided with respect to the deadline for the draft EIS.   If that is the case, the public 
may be deprived of its right to review and comment on the project’s economics.   
 
The vague definition of the Proposed Action at the beginning of the EIS is the unproductive 
result of enormous public resources that have been poured into the NM Unit planning to date 
by the ISC, the NM CAP Entity, and BOR.   The missing basic descriptive information is essential 
to determine the impacts of the proposed NM Unit in a project-specific EIS.  Its absence at this 
late date will make it difficult or impossible to prepare a meaningful draft EIS within the EIS 
schedule disclosed on nmuniteis.com.  The missing information makes it impossible for the 
public to be able to comprehend the functionality of the proposed NM Unit in order to 
conceptualize and recommend alternatives during public scoping.   
 
The absence of substantive information at this late date is not for lack of effort or money.  ISC 
has been planning this project since the ISC conceived it and before it was authorized by the 
2004 Arizona Water Settlements Act and the Consumptive Use and Forbearance Agreement 
amendments to the 1968 NM Unit authorization.  Since 2012, the ISC and NM CAP Entity 
sequentially have selected and discarded many proposed project configurations, lavishly 
spending millions on consultants whose work was subsequently discarded.   
 
Both agencies have been found to have violated open government laws in the process.  The 
New Mexico Attorney General determined the NM CAP Entity illegally closing a public meeting 
to meet with ISC staff to select its initial proposed NM Unit configuration.  A judge ruled the ISC 
illegally awarding a million dollars in engineering contracts that were intended to respond to 
criticisms of an earlier proposed configuration.  The ideas that were the subjects of these 
predecessor configurations for the NM Unit have all failed and been abandoned.   The 
associated expenditures were wasted.   
 
Since 2015, the NM CAP Entity has tinkered with the components of its proposed action.  As 
earlier ideas for the NM Unit configuration have collapsed of their own weight, the NM CAP 
Entity has moved on to other ideas.  They ran out of time to substantively describe their latest 
concepts, which are now the Proposed Action, due to the looming EIS Record of Decision 
deadline.   
 

                                                        
1   IPRA document 000571 dated April 20, 2018, unnumbered embedded attachment entitled 2019-2020 Project 
Plan Assumptions Final.docx, response to May 9, 2018 IPRA request 
 
 



The December 20, 2017 Proposed Action includes three NM Units, as BOR has called them.  
These are the remaining unvetted wish lists of the NM CAP Entity’s geographically distributed 
members, put forward as the Proposed Action but without substantive analysis or any 
consideration of economics.  NM CAP Entity members have repeatedly made statements in 
public meetings arguing that NM Unit costs will be low and regardless, NM CAP Entity members 
will not have to pay them.   
 
A conceptual feasibility study and a preliminary engineering report are standard project 
development steps that are necessary to vet a public project as big and expensive as the 
Proposed Action, but neither exists.   The statement recently posted on nmuniteis.com that 
says, “The proposed action is described in a summary engineering report completed on July 6, 
2018, which provides a comprehensive project description and updated cost information”  is 
false for reasons set forth below. 
 
The project features that remain vague and ambiguous require definition because they are 
fundamental to the utility and operation of the NM Unit.   Documentation of this complex but 
unvetted project and analysis and disclosure of its impacts would be difficult within the short 
time available for preparation of the final EIS if the required information were available.  But 
the required information is not available.  It would require a long time to be developed and 
probably will not be.   
 
Contracts to develop the missing information have not yet been publicly approved by either the 
NM CAP Entity or the ISC, as required by NM law, much less completed.  Early in the year, BOR 
requested2 from the NM CAP Entity a timeline for the NM CAP Entity to develop the required 
engineering information.  BOR still doesn’t have the information or a reliable timeline.   
 
The EIS statement of “needs” for the NM Unit illustrates project definition deficiencies.  The 
project “needs” are to “develop water for delivery at the times, locations, and in quantities that 
will improve agricultural water use.”  Yet, no publicly available material defines any of these 
terms, except for “water.”  During the public scoping period, the NM CAP Entity modified the 
definition of the water it seeks to build the NM Unit to develop to include diversion, delivery, 
and conveyance of both adjudicated and AWSA water, but storage of only AWSA water.   The 
seasonal timing of AWSA diversions to fill project storage are undefined.  The “times” and 
“locations” of deliveries are undefined.  The quantities that will “improve agricultural water 
use” are undefined.  Nothing is said about the quantities and reliability of the AWSA and 
adjudicated water diversions and net yield that the project proponent needs and seeks to 
develop from New Mexico’s junior AWSA diversion and consumptive use right, much less the 
expected contributions of the various sources of supply and the two categories of water for the 
proposed conjunctive use irrigation system operation.       
 

                                                        
2 Sean Heath email to Anthony Gutierrez entitled “proposed action questions,” IPRA document 001410, January 2, 
2018 



Almost all aspects of the proposed NM Unit remain vague and without supporting rationale.   
An outspoken member of the NM CAP Entity used the phrase “build it and they will come” to 
describe the project purpose and vision for the NM Unit to the House Agriculture and Water 
Resources Committee during the New Mexico Legislature’s 2018 session.    “Build it and they 
will come” is effectively the NM CAP Entity’s justification.  “It” remains vague.  “They” and their 
purposes remain anonymous, likely because “they” meaning persons or entities who will 
contract for the water as required by the AWSA don’t exist. 
 
Missing information 
 
Rational derivation and justification of these key project attributes does not exist: 
-- The quantity of needed net yield of project water,  
-- The volume of project storage required to develop the net yield,  
-- The capacity of diversions, pumps, and ditches needed to divert and convey AWSA 

water from diversion to storage facilities,  
-- The infrastructure needed to convey the net yield from storage to contractors’ places of 

use,  
-- The number of conventional wells and pond leakage recovery wells,  
-- The quantity and timing of recovered pond leakage with respect to the timing of needs,  
-- The concepts supporting diversion of AWSA water by conventional wells as part of a 

conjunctive operation with surface water diversions; and  
-- The concepts supporting conjunctive use of decree water and AWSA water and 

anticipated NM Unit delivery operations, i.e., storage releases, ASR recovery well 
production, and conventional well production. 

 
Scoping comment:  The absence of this information and the narrowly statement of purpose and 
need makes it impossible to suggest meaningful action alternatives that will meet the purpose 
and need.   
 
This information is necessary for any meaningful impact analysis but does not currently exist: 
-- Type and conceptual design of the diversion structures and features; 
-- The usable volume of the excavated shallow water storage ponds (total volume minus 

volume associated with freeboard minus volume that is unusable because of 
inadequate head; 

-- Evaporation and seepage losses and water lost to rewet dried ponds after they are 
emptied by use and dried by evaporation; 

-- Total losses from and net yield of usable project water from storage ponds; 
-- The size and type of pumps required to put water into storage and to make stored water 

available for use; 
-- Diversion rates, amounts, sources (shaving the peaks off sediment laden floods versus 

diversion of winter base flows providing clear water, relative quantities of 
diversions from wells and releases from ponds); 

-- The increased footprints, including construction easements, required to double the 
capacity of existing ditches; 



-- Metering and accounting of project water as distinct from decree water; 
-- Locations and footprints of construction easements required, including those to support 

the massive excavations and materials stockpiles; 
-- The volume of and planned disposal of excavation spoil; 
-- Specific locations and footprints of all structures as well as ownership/control 

information for each; 
-- Location of sections of ditches to be lined; 
-- Liner materials for conveyance and storage facilities; 
-- Energy sources and footprints of the facilities required to supply electrical power for the 

project facilities; 
-- Electric power (kW) and energy (kWh) required; 
-- Yields of AWSA water and native groundwater from aquifer storage and recovery of 

AWSA water with conventional wells at Winn Canyon; 
-- Intended use of net yield of project water (new or supplemental irrigation for the Cliff-

Gila Valley, any specific uses of San Francisco River water); 
-- Likely users of AWSA water, intended uses for and timing of the needed deliveries of 

same, users’ willingness and ability to pay; 
-- Construction cost estimates;  
-- Sources and amounts of funds to pay for construction; 
-- Exchange, operations, maintenance, and replacement annual costs and sources of funds 

for same; 
-- Sources of funds to pay annual costs, including the annual costs in years when the AWSA 

yield is zero because of the absence of AWSA water legally available for 
diversion; 

-- Amounts of potential subsidies from public funds for project 
implementation/construction and for annual project operations; 

 
A BOR idea expressed to the NM CAP Entity is the concept that “sub-alternatives” could be used 
as the basis for analysis of the various options for diversion dams.  No dam type has been 
selected.  The impacts of the types of dams illustrated on nmuniteis.com would be very 
different but the type of dam remains undecided at this late date.   
 
Scoping comment:  If “sub-alternatives” are the tool BOR will employ to address unknown basic 
project attributes in the NEPA process, a very large number of sub-alternatives will be required.  
The public had no opportunity to consider or comment on these unknown attributes during 
public scoping. 
 
A brief chronology of BOR’s struggle to obtain basic project descriptive information 
 
The absence of rationale and descriptive information pertaining to the proposed action is the 
latest of a long series of NM Unit planning failures.  Until recently, BOR staff required 
development of substantial descriptive information as a prerequisite for the EIS Notice of 
Intent.  The NM CAP Entity failed to provide this information.  BOR disregarded its prior 
requirements for information and issued the Notice of Intent, regardless. 



 
BOR asked specific questions and categorized its information requirements on January 2, 2018, 
in response to the December 20, 2018 notification of the Proposed Action.   Dave Maxwell, the 
NM CAP Entity’s consulting engineer’s representative, provided a written report to the NM CAP 
Entity at its February 6, 2018 meeting.3  Mr. Maxwell summarized BOR’s information 
requirements set forth in a “NEPA Coordination Meeting” on January 8, 2018, between the NM 
CAP Entity, BOR, ISC, and EMPSi.  The following is an image of a paragraph from Mr. Maxwell’s 
report that lists required information.   Comparison of this list with the information that is now 
available at the end of public scoping shows that the NM CAP Entity has failed to provide this 
information.  Yet BOR formally initiated the EIS. 
 

 
 
None of this information has been provided.  Mr. Maxwell reported Reclamation said it 
required some of this information by February 15, such as “additional geo-hydrologic study by 
AECOM” pertaining to aquifer storage and recovery.   
 
Mr. Maxwell’s list doesn’t include geotechnical investigations and there is no indication that the 
necessary investigations are planned, much less contracted.  BOR has communicated to the NM 
CAP Entity that geotechnical investigations require NEPA compliance as described in BOR’s 
January 2, 2018 email to the NM CAP Entity.    
 
Correspondence4 in late April 2018 between BOR and the ISC obtained through a public records 
request indicates the lack of project descriptive information remained controversial.   A “NEPA 
Coordination Workshop” was planned for May 2-3, 2018.   This correspondence indicates ISC 

                                                        
3 Unattributed handout entitled “Status Report February 6, 2018 CAP Board Meeting” distributed by Dave 
Maxwell, Occam Engineers, and provided by Anthony Gutierrez to Norm Gaume 
4 April 26, 2018 email thread involving BOR’s Deputy Area Manager, BOR’s Environmental Division Manager, ISC’s 
attorney, and ISC’s Gila Project Manager, IPRA document 00423-00425.  



had planned the two-day workshop to identify data to describe resources that would be 
analyzed in the EIS.  BOR objected, saying data to analyze “NEPA resource topics (i.e., bio, 
cultural, etc.)” could be handled in a call.   BOR’s Phoenix Area Office Environmental Division 
Manager said, “Focusing on the engineering side may be more beneficial.”  “What we need for 
the NEPA analysis is the footprint of disturbance, water withdrawal amounts, and operational 
details.  There is obviously a lot of engineering that needs to go into these three topics and I 
think that should be the focus.”   
 
A letter5 to the NM CAP Entity dated May 15, 2018 and signed by the BOR Phoenix Area Office 
Manager and the ISC Director says, “As the Joint Lead Agencies have indicated in emails and 
telephone discussions, we are still waiting for the NM CAP Entity (Entity) to provide the various 
information requested below regarding the proposed action to enable us to begin the National 
Environmental Policy Act (NEPA) process.  The project-specific information described below is 
essential to initiate a thorough analysis and obtain informed public participation early in the 
NEPA process.  This requested information is particularly important…”  (emphasis added)  The 
letter identifies “essential information needs, grouped by NEPA milestones.” 
 
This letter required the NM CAP Entity to submit “A complete project confirmation package” 
prior to publishing the Notice-of-Intent.  The NM CAP Entity’s July 6 project confirmation letter 
and summary report was untimely with respect to the Notice-of-Intent, which was published 
June 12.  It lacks much of the specific information listed in the joint lead agencies’ May 15 
letter.    
 
The May 15 letter also lists information required during the scoping period.   The following 
required information remains missing: 
-- Estimated quantities and timing of diverted water at each project location 
-- A breakdown of adjudicated and AWSA water 
-- Access, rights-of-way, and property ownership at all project locations 
-- Project and temporary construction footprints, estimates of cut and fill volumes and 

locations, spoil areas, construction duration, borrow sites, areas of canal lining, 
processing and staging sites, and power sources. 

 
I asked the Phoenix Area Office Environmental Division Manager at the Albuquerque public 
scoping meeting about the new information the joint lead agencies had written they required 
before publishing the Notice-of-Intent and the other information they required prior to public 
scoping.  The Phoenix Area Office Environmental Division Manager’s reply to me was that no 
additional information was intended for public scoping.  In contrast, BOR and ISC staff had 
explained previously that these information items would be revealed at public scoping, leading 
to the commenter’s expectation that new descriptive information would be illustrated on the 
posters that were on display or described in handouts.  Instead, the posters reproduced 
information developed early this year from the initial maps of the proposed action.       
 

                                                        
5 May 15, 2018, joint letter from BOR and ISC to the NM CAP Entity 



Other Reclamation staff answering public questions at the public scoping meetings were poorly 
informed and provided incorrect information.   For example, BOR staff represented the NM 
Unit would divert flood peaks as its water supply.   “Skimming flood peaks” as a diversion 
concept is obsolete according to public discussions by the NM CAP Entity Board at its meetings 
recorded in meeting minutes.  The newer plan is to divert winter base flows and groundwater.  
Had the NM CAP Entity provided “the estimated quantities and timing of diverted water at each 
project location” as repeatedly demand by the joint lead agencies, I presume that information 
would have informed the public scoping meetings.  In the absence of this information,  BOR 
employees misinformed the public.  This is but one of several examples of BOR staff 
dissemination of misinformation at public scoping meetings. 
 
BOR and ISC worked on their May 15, 2018 letter for a long-time before sending it.   ISC 
attorney Dominique Work emailed the BOR on May 9 to inquire, “where we are at with the 
Joint Leads letter.”  BOR’s Deputy Area Manager replied that date, “The joint leads letter has 
not been sent.  Discussions were occurring at the Regional Director level as recently as today.”6    
 
Scoping comment:  BOR is proceeding with a project-specific EIS for a complex project that is ill-
defined, disregarding the absence of basic descriptive information that until recently BOR 
described as a prerequisite for the Notice of Intent. 
 
Cost Estimate is an Incomplete and Unreliable Low Ball 
 
Mr. Maxwell’s February 6, 2018 report to the NM CAP Entity concludes, “We can then finalize 
our estimated construction costs” “before the February 15th NEPA Coordination follow-up 
meeting.”    That was not done.   
 
Five months later, at the NM CAP Entity’s July 5, 2018, public meeting, the NM CAP Entity’s 
attorney urged the NM CAP Entity to provide its missing estimate of construction costs.   A 
reliable estimate of construction costs remains missing.   
 
The NM CAP Entity’s July 6 confirmation of the proposed action that was subsequently posted 
on nmuniteis.com transmits Stantec’s (the NM CAP Entity’s consulting engineering firm) cost 
estimates totaling $50 million.  Is it coincidental that the NM CAP Entity’s public description of 
the expected indexed appropriation pursuant to the AWSA Section 212 (j) is exactly that 
amount? 
 
Stantec’s July 2018 cost estimates lack detail and credibility.  For example, the estimated cost of 
the pump station required to store water in Weedy Canyon is a single line item of $2,023,000.  
The associated line item description erroneously refers to the Cliff-Gila Valley.  AECOM’s 
October 2017 report estimates a cost of $24,830,000 for the Weedy Canyon 75 cfs, 2000 
horsepower pump station.    The Stantec cost estimate for the Cliff-Gila valley pump station is 

                                                        
6 Email thread dated May 9, 2018, from Dominque Work to Alexander Smith obtained through a public records 
request  



$2,032,659, perhaps indicating the lack of diligence supporting the Weedy Canyon pump 
station cost estimate that is $659 cheaper. 
 
Scoping comments:   
 

• The NM CAP Entity has failed to produce a credible cost estimate for the project 
construction cost.  It has failed to produce any cost estimate of annual costs or overall 
project costs including indirect costs, interest during construction, and other overhead 
uses that are and have been funded from the NM Unit Fund.  The EIS preparers require 
these missing cost estimates to prepare the EIS and analyze the project in accordance 
with the PR&Gs.   

 
• BOR must carefully evaluate the veracity of any cost estimate for the NM Unit prepared 

by Stantec, based on the lack of credibility of Stantec’s July 6 cost estimate. 
 
No engineering report per se 
 
The following statement was recently added to nmuniteis.com   
 

“The NM Unit of the CAP officially approved their proposed action on July 6, 2018. 
The proposed action is described in a summary engineering report completed on July 6, 
2018, which provides a comprehensive project description and updated cost 
information.”     

 
This statement, too, is false.     
 
The so-called summary engineering report does not provide a comprehensive project 
description.   It doesn’t contain the information that BOR has previously itemized as required to 
begin NEPA and has been seeking actively from the NM CAP Entity for a long-time, and 
intensely beginning January 2, 2018.    
 
New Mexico law requires that a licensed engineer be in responsible charge of engineering work 
such as the Stantec July 6 proposed action confirmation report for this public works project.  
The responsible licensed engineer is required to approve the work product documents.  
However, this so-called “summary engineering report” is anonymous, except for the word 
“Stantec” in the title.  It is on plain paper, not letterhead.   It contains no indication that it was 
prepared under the supervision of a professional engineer licensed in New Mexico and 
approved by that engineer.   
 
Issuance of this “summary engineering report” by a consulting engineering firm for a New 
Mexico public entity for public dissemination may be a violation of the 2017 New Mexico 
Engineering and Surveying Practice Act and/or the associated sections of the New Mexico 
Administrative Code.     
 



BOR described this report to the public as a summary engineering report and falsely described 
it as comprehensive, when in fact it is vague and ambiguous.  This false description is either due 
to ignorance or is an attempt to mislead the public during public scoping that the NM CAP 
Entity has finally produced the information required for the EIS. 
 
The reasons this project makes no sense are as plain as the egg on the face of a three-year old 
child after breakfast.  Yet there are vast engineering, legal, and NEPA contractor fees that can 
be billed and Reclamation and ISC staff salaries to pay from the NM Unit Fund.  Thus begins the 
EIS, the latest chapter in the 50-year life of the zombie NM Unit of the Central Arizona Project.   
 
Scoping comments:   
 

• The public statement on the official website for the NM Unit of the Central Arizona 
Project EIS pertaining to the Stantec preliminary investigation report is false and 
misleading.  BOR should exercise greater care in being forthright and honest in the 
preparation of the EIS and associated public statements in order that the public can rely 
on the EIS analysis and public statements of the BOR pertaining to the project. 

 
• BOR and the ISC should require that engineering reports produced for the EIS follow all 

requirements of New Mexico law and rules and regulations pertaining to the 
preparation reports for public works projects in New Mexico. 

 
II. NEW MEXICO REPORTS USING LESS THAN HALF OF ITS ARIZONA V CALIFORNIA DECREE 

APPORTIONMENT 
 
The decree in the Supreme Court case Arizona v. California requires New Mexico to prepare 
and maintain for inspection annual reports to document New Mexico’s compliance with the 
requirements of the decree.  New Mexico is required to measure and report irrigated acreage, 
diversions, and consumptive use.   The New Mexico Office of the State Engineer and the New 
Mexico Interstate Stream Commission each contribute to these annual reports.  The ISC 
maintains the annual files.  Mr. Gaume has recently inspected each of the annual reports and 
supporting data files from 1968 through 2015, the most recent report available at the time of 
his most recent inspection in early 2018. 
 
Despite earlier ISC rhetoric to the contrary, the decree compliance reports show that New 
Mexico is using less than half of the decree apportionment for consumptive use in the Gila River 
basin.  The consumptive use apportionment is significantly underutilized in all of the nine 
geographic regions of the Gila River basin for which the Arizona v. California decree requires 
separate reporting.    
 
Mr. Gaume prepared the attached fact sheet in March 2016 describing and illustrating the ISC’s 
reported consumptive use compared to decree limits within the Gila River in New Mexico 
exclusive of Virden Valley, a geographic area for compliance established by the decree.   Some 
of the language from the fact sheet is now outdated due to the NM CAP Entity’s abandonment 



of the ISC’s 150 cfs AWSA bypass and its vague plans to divert clear winter flows rather than 
sediment-laden flood waters.   
 
Scoping comments:   
 

• BOR should evaluate the justification for the NM Unit of the Central Arizona Project to 
develop the junior AWSA diversion and consumptive use right given that the US 
Supreme Court apportionment provides more unused consumptive use apportionment 
than could be developed by the proposed action concepts.  Diversions to utilize the 
decree apportionment are without limits, except the annual and 10-year consumptive 
use apportionment limits, and are immediately below the headwaters of the river. 

 
• BOR should evaluate full use of New Mexico’s decree apportionment for consumptive 

use as a less expensive and less administratively burdened alternative to the NM Unit of 
the Central Arizona Project.   

 
• BOR should evaluate and document whether or not it is appropriate for New Mexico’s 

decree compliance reporting to rely on consumptive use calculations that apply the 
original Blaney-Criddle method while relying on more modern methods to evaluate 
consumptive use and return flow credits associated with use of AWSA water as 
advocated currently by the ISC. 

 
III. IRRIGATION EFFICIENCY IS TOO LOW FOR USE OF EXPENSIVE AWSA WATER 

 
Irrigation efficiency in the Cliff-Gila Valley is very low, reported by the ISC to be only 41%.  This 
means the beneficial use of the net yield of the NM Unit of the Central Arizona Project would 
not go very far if it is to be used for supplemental irrigation using the existing irrigation system 
and existing irrigation practices.  The actual irrigation efficiency is even lower due to actual 
diversions that are more than 400% of the amount required to fully meet the consumptive use 
needs of irrigated crops at 41% efficiency.  These facts have not received official recognition or 
corrective action to date, even though it seems highly problematic for a NM Unit to provide a 
small increment of existing supply to be jointly used with existing irrigation practices and illegal 
wasteful diversions far in excess of the amounts needed for beneficial consumptive use. 
 
Scoping comments:   
 

• The 1968 Colorado River Basin Project Act requires conservation measures for Central 
Arizona Project water.  BOR must determine and document how these requirements 
apply to the NM Unit, the low existing efficiency of irrigation deliveries and irrigation 
water uses, and the wasteful grossly excessive historical diversions of water apportioned 
to New Mexico by the US Supreme Court decree in Arizona v California. 

 
• BOR and the ISC both have helped the Middle Rio Grande Conservancy District 

materially increase its efficiency.  These increases were associated with the Endangered 



Species Act litigation in the Middle Rio Grande.  The BOR should determine and 
document the existing irrigation practices in the areas that will receive water from the 
NM Unit of the Central Arizona Project and recommend changes to materially reduce 
diversions and diversion requirements and make more productive use of the increment 
of the AWSA water supply.  Needed changes include such basic practices as irrigation 
scheduling, measurement or estimation of farm deliveries, limitation of ditch diversions 
and farm deliveries to the amounts required for beneficial use, lining of ditches, and a 
host of routinely employed measures to increase on-farm irrigation efficiency, including 
field leveling and modifying the size and borders and irrigation turnouts of irrigated 
fields. 
 

• BOR should determine and document the maximum beneficial use of AWSA water 
under the irrigation efficiency improvements, if any, that it determines BOR or others 
will require. 
 

IV. THE CUFA IS FLAWED AND NOT FULLY EXECUTED 
 
The AWSA “authorizes, ratifies, and confirms” the CUFA but only to the extent to which it is 
consistent with the AWSA.  Section 212 (d) contains the statement,  
 

“Such increased consumptive 
uses shall continue only so long as delivery of Colorado 
River water to downstream Gila River users in Arizona is 
being accomplished in accordance with this Act, in quantities 
sufficient to replace any diminution of their supply resulting 
from such diversion from the Gila River, its tributaries and 
underground water sources. In determining the amount 
required for this purpose, full consideration shall be given 
to any differences in the quality of the water involved 

 
The return flow credits provisions of the CUFA provide for additional AWSA diversions in the 
amount of approved return flow credits without a commensurate increase in deliveries of 
exchange water from the Central Arizona Project canal to Gila River for the NM Unit exchange 
partners.  However, the return flows that are credited will be consumed and will not benefit 
those exchange partners.  Therefore, the CUFA as written allows “increased consumptive uses” 
that will cause “diminution of their supply.” 
 
The signatures of the Franklin Irrigation District and the Gila River Irrigation District to execute 
the CUFA are conditioned on adoption of Amendment #1, which was prepared to replace the 
version of the Terms of New Mexico Diversions in CUFA Exhibit 2.48, which is different from 
and in conflict with the Terms of New Mexico Diversions in Exhibit 2.47.  An unexecuted copy of 
Amendment #1 indicates that the Exhibit 2.48 version is faulty and was mistakenly included in 
the CUFA.  This faulty version was incorporated in the NM Unit Agreement, which will also 
require amendment. 
 



Scoping comment:  The BOR must admit the CUFA return flow credits provision is invalid 
because it violates requirements of the AWSA.  BOR must conduct all EIS analyses and amend 
the CUFA accordingly. 
 

V. THE SECRETARY OF THE INTERIOR’S TRUST RESPONSIBILITIES 
 
The CUFA is a mathematical representation that defines the conditions for allowable diversions 
of AWSA water that absent the diversion would flow into San Carlos Reservoir, where it would 
be available for use by the reservoir beneficiaries.  Diversions of water pursuant to the CUFA 
will reduce the amount of water flowing into San Carlos Reservoir. 
 
Scoping comment:  The BOR must analyze the impacts of the NM Unit on Indian trust assets.  
The BOR or the Department of the Interior must determine the additional conditions for 
implementation of the NM Unit, and their costs, that are necessary for the Secretary of the 
Interior to fulfill the United States’ trust responsibilities to protect Indian trust assets of the San 
Carlos Apache and the Gila River Indian Community. 
 

VI. TECHNICAL COMMITTEE 
 
The CUFA establishes a Technical Committee with purview over many aspects of the NM Unit, 
including groundwater diversions of AWSA water, return flow credits, and measurement and 
monitoring of AWSA water to the degree required to account for it vis a vis water apportioned 
to New Mexico by the US Supreme Court decree.  These are complex and controversial matters.  
Reclamation has said it will not convene the Technical Committee for the purposes of the EIS 
but will make assumptions regarding the issues over which the Technical Committee has 
authority. 
 
Scoping comment:  The BOR must document the decisions in makes in lieu of convening the 
Technical Committee and the reasons that BOR’s decisions should be acceptable to the 
Technical Committee. 
 

VII. GROUNDWATER DIVERSIONS OF AWSA WATER AND CO-DEVELOPMENT OF DECREE 
APPORTIONMENT WATER 

 
The proposed action includes conflicting numbers of conventional production wells and an 
aquifer storage and recovery scheme with three conventional wells for recovery of stored 
groundwater.   The erratic occurrence of AWSA water seems incompatible with diversion by the 
nine conventional production wells.  The inclusion in the proposed action of NM Unit facilities 



designed for the planned development of decree apportionment water seems inconsistent with 
the AWSA. 
 
Scoping comments:   
 

• The BOR must evaluate how the conventional production wells will be operated and 
why the anticipated operation makes the wells productive components of the NM Unit 
of the Central Arizona Project. 

 
• The BOR must determine and address in the EIS the state law water rights issues 

associated with the proposed operations of the conventional production wells.  It must 
answer the question, “whose water rights to water apportioned by the decree will be 
diverted and what permits must be secured for those diversions.” 

 
VIII. AQUIFER STORAGE AND RECOVERY CONCEPTS 

 
AECOM assumed that water leaking into the alluvial aquifer from a previous NM Unit concept 
relying on aquifer storage and recovery would be recoverable for an arbitrarily determined 90 
days with linear dissipation of recoverable water to zero in 90 days.   AECOM has recently 
indicated, in documents obtained through a public records inspection request, that it will not 
apply analytical methods to determine recoverable water from the proposed leaky storage 
ponds in Winn Canyon.  Rather, it has indicated it will model ASR yield with using its original 
linear decay model, but with a value for the duration that recoverable water will remain 
recoverable established by Stantec.   
 
Further, AECOM asked Stantec to determine the modeling value it should use for aquifer 
transmissivity.  Instead, Stantec replied with an assumed value of 21 feet per day for the 
velocity of leakage flowing in the groundwater flow system toward the recovery wells.  Stantec 
assumed a plug flow model for leakage moving toward the Gila River, with the leakage flowing 
through alluvium below Winn Canyon and not dissipating into the Gila Conglomerate that 
bounds the sides and bottom of the alluvium.   
 
None of these assumed models and values have a scientific basis or are derived from an 
appropriate analysis, to the best of this commenter’s knowledge. 
 
Scoping comments: 
 

• BOR must employ and document its use of scientifically based groundwater flow 
modeling techniques to estimate the amount of Winn Canyon pond leakage that can be 



recovered from the three conventional wells that will be used to recover water “stored” 
in the aquifer. 

 
• BOR must determine the degree to which the “aquifer storage and recovery” scheme 

involving leakage from Winn Canyon wells is consistent with the state law defining 
requirements for aquifer storage and recovery projects. 

 
 

IX. CONCEPT OF UNCONTROLLED RETURN FLOWS AS OFFSETTING BASIS FOR SUBSEQUENT OR 
DOWNSTREAM DIVERSIONS 

 
The vaguely defined and described proposed action may involve using return flows from AWSA 
water to justify an equivalent amount of additional diversions of groundwater or surface water 
downstream.  This is not consistent with New Mexico law that requires that water remain 
under the dominion and control of the water rights user in order to make subsequent use of it. 
 
Scoping comments:   
 

• The BOR must analyze and document how the Proposed Action concepts rely on return 
flow credits or actual return flows as the basis for subsequent diversions of an 
equivalent amount of water. 

 
• The BOR must determine if such reliance on return flows is permissible under state law. 

 
X. FEATURES OF THE NM UNIT LEADING TO FUTURE FULL DEVELOPMENT OF AWSA WATER 

 
The Proposed Action indicates that the NM CAP Entity intends future full development of the 
14,000 acre-feet per year limit of the AWSA authorization for the NM Unit.  This intention 
disregards the realities required for development of AWSA water, i.e., development requires 
storage or direct use at very large rates, which is not affordable or practical in the NM Unit 
setting.  Further, none of the features of the Proposed Action were selected or designed to 
accommodate or facilitate future increased development of the AWSA consumptive use right. 
 
Scoping Comment: The BOR must document how Proposed Action features would facilitate 
future development of AWSA water to the extent that they have no proposed action 
functionality but are included in the Proposed Action regardless, i.e., the increased diversion 
and conveyance capacities.   
 
 



Significant Unused New Mexico Gila River Water  
Eliminates Need for AWSA Federal Diversion Project 

 
 
 Gila Diversion advocates argue a federal water project on the Gila River (as allowed by 
the AWSA) is needed to supply water to irrigators along the Gila, as well as to meet municipal 
and industrial needs in Luna County.  They assert current water rights and flows are insufficient.  
Part of the argument is that New Mexico was treated unfairly by the United States Supreme 
Court in its 1964 Arizona v. California decree.  In Arizona v. California, the Court resolved 
disputes regarding the allocation of the Colorado River, including its tributary the Gila.  Under 
the resulting decree New Mexico is conditionally entitled to consumptive use of up to 29,330 
acre feet of water per year (AFY).  
 
 Contrary to such arguments, New Mexico is using less than half of its senior Gila River 
water allocation.  This conclusion is based on a review of annual reports compiled by the ISC 
and placed on file pursuant to the Supreme Court's decree.  Specifically, in 1969 (the first full 
year of reporting pursuant to the decree) New Mexico consumed just 51% of its annual limit.  In 
2014 (the most recent year for which reporting is complete) New Mexico consumed only 45%. 
In the Gila Valley (excluding the Virden Valley) over 6,000 acre feet of water approved for 
consumptive use by the Supreme Court decree went unused in 2014.   See the attached graph of 
historical unused water from the Upper Gila River.  
 
 What does this mean?  Instead of trying to develop water pursuant to the AWSA, a task 
greatly complicated by the onerous rules New Mexico agreed to for diversion of AWSA water, 
New Mexicans could put the senior, unused Arizona v. California water to use.  What are the 
rules for diversion of AWSA water?  New Mexico negotiated a strict numeric definition of the 
conditions under which New Mexico's AWSA water right can be exercised.  The AWSA ratified 
those strict limits (referred to as the Consumptive Use and Forbearance Agreement or "CUFA"), 
thereby imposing the force of law on the drastic diversion rules New Mexico negotiated (and the 
associated large costs of facilities to develop the AWSA).   
 
 CUFA diversion rules applied to historic Gila River flow information demonstrates an 
AWSA water development project could access only disappointing amounts of legally available 
water -- none in many years.   Huge, expensive diversion and storage facilities would be required 
to capture these infrequently-available amounts of water so enough could be stored for use over 
90% of the time in almost all years and 100% of the time in lean years.  Development of New 
Mexico’s unused Arizona v. California consumptive use allocation, on the other hand, would be 
subject to no such limits and would not require elaborate diversion and storage systems.  The 
water could be taken as needed, with small diversions, pumps, and pipelines, subject only to 
annual and 10-year consumptive use limits outlined in the 1964 decree. 
 
 The bottom line: no Gila Diversion is necessary.  A significant portion of the senior 
allocation of consumptive use rights pursuant to the Arizona v. California decree is going 
unused. New Mexico water administration presents the only barrier to its use. 
 
 
 
 



Norm Gaume, P.E. (ret.), March 22, 2016
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From: Norm Gaume <normgaume@gmail.com> 
Sent: Friday, July 20, 2018 8:24 AM 
To: NM Unit EIS; Peter Coha 
Subject: Joint scoping comments of Norm Gaume and Peter Coha  
Attachments: 2018-07-19 final Gila_AWSA yield sensitivity to diversion capacity 

and bypass scoping comments.pdf 
 
Please see the attached scoping comments jointly prepared by Norm Gaume and Peter Coha.  These 
comments pertain to the EIS for the NM Unit of the Central Arizona Project. 
 



 

 

Comments of Norm Gaume, P.E., (ret.) and Peter Coha  
 

Pertaining to AWSA Yield Modeling and Historical Wasteful Diversions 
Serving the Cliff-Gila Valley 

 
And the Notice of Intent to 

Prepare an Environmental Impact Statement, 
New Mexico Unit of the Central Arizona Project; 

Catron, Grant, and Hidalgo Counties, New Mexico 
[RR03510000, XXXR0680R1, RR171260120019400] 

 
Delivered Via NMUnitEIS@empsi.com 

 
July 20, 2018 

 
 

Introduction 
 
The authors of this set of scoping comments are the authors of the 2018 Coha/Gaume 
yield model.1 They applied this model to determine the relationships of AWSA diversion 
capacity and the minimum amount of Gila River bypassed streamflow below an AWSA 
diversion to the AWSA diversion yield. 2   They also investigated and illustrated the 
relationship of historical ditch diversions to river dewatering due to diversions that 
grossly exceed beneficial use requirements.  Scoping comments developed from their 
work are first summarized, followed by presentation of their rationale for these scoping 
comments and the results of their analyses. 

 
Scoping Comments 
 

• Those who will be evaluating the function and impacts of the Proposed Action for 
the EIS (the EIS preparers) must understand and correctly apply the CUFA’s 
Terms of New Mexico Diversions.  Neither BOR staff, ISC staff, nor ISC 
contractor AECOM have demonstrated correct application of the required 

                                                        
1 Peter Coha and Norm Gaume prepared this model and presented simulation results of the proposed action, as it 
then existed, at the 7th Natural History of the Gila River Symposium, February 2018.  The model and the simulation 
results presented to the NM CAP Entity will be submitted for the record. 
2 The authors operated this model on June 18, 2018, to investigate sensitivity of the AWSA/CUFA diversion’s 
usable water yield to NM Unit diversion unit capacity and to a minimum Gila River diversion bypass requirement.  
The simulations all presumed 4,000 acre-feet of reservoir capacity with an average depth of 15 feet to represent the 
NM CAP Entity’s proposed action and presumed 36 cfs reservoir releases during May and June to provide 
supplemental irrigation supplies, pursuant to a need the NM CAP Entity has publicly described, because the 
Proposed Action does not quantify either the annual distribution nor the quantity of yield needed.  The model 
dashboards for the 20 simulations completed for this sensitivity analysis will be submitted for the record. 



 

 

knowledge in the years of planning that have proceeded and are the basis of the 
Proposed Action.   

 
• AECOM’s 2017 CUFA model as previously posted by the ISC to its AWSA web 

pages contains errors and misrepresentations of the Terms of New Mexico 
Diversions as described in the attached Coha/Gaume model release notes.   
AECOM is contracted by the ISC to improve the model.  BOR must assure that 
the necessary corrections and improvements are correctly made and documented.   
 

• The EIS preparers must provide independent peer review of the AECOM revised 
model’s representation of the CUFA Terms of New Mexico Diversions. 

 
• BOR must make the revised AWSA yield model available for public review at the 

time of the draft EIS release.    
 

• The EIS preparers must investigate and document whether increased capacity of 
the existing diversions and conveyance canals is necessary to fill the storage ponds 
or increase the yield. 

 
• The EIS preparers must investigate and document the degree to which improved 

irrigation efficiency and administration of diversions to the amount required for 
beneficial uses would reduce river drying below the diversions. 
 

• The EIS preparers must investigate and document how NM Unit diversion and 
storage water release operations will affect the river drying below irrigation 
diversions. 
 

• The EIS preparers must document the anticipated operations scenario for the NM 
Unit including the quantity of NM Unit project water that will be released from 
storage to maintain a wetted river below the Cliff-Gila valley diversions of decree 
water (water available under adjudicated state water rights) during Gila River 
summer low-flow periods.    

 
• The EIS preparers must investigate and document the relative priorities of NM 

Unit project water releases to mitigate river drying versus releases for use by those 
who are expected to contract with the Secretary of the Interior to meet beneficial 
uses.   Is mitigation of ecological impacts and river drying a higher priority for a 
specified quantity of water than irrigation? 

 
• The EIS preparers must investigate and document the extent to which NM Unit 

river diversions during the winter, when CUFA Term 1.1.1 bypass requirements 



 

 

can be met solely by the San Francisco River at Clifton, produce winter river 
drying or pronounced low flow conditions below the NM Unit project diversions.    

 
• The EIS preparers must investigate and document the minimum AWSA bypass 

that BOR or other federal agencies will require as an environmental mitigation 
threshold for diversion of NM Unit project water into storage.   

 
• The EIS preparers must conduct the EIS cumulative impacts analysis to consider 

the fact that the vast majority of river drying is due to illegally wasteful historical 
diversions. 

 
Relationship of diversion and conveyance capacity to NM Unit diversion yield 
 
The NM Unit diversion yield constraints include the explicit diversion restrictions of the 
Consumptive Use and Forbearance Agreement and the reservoir volume necessary to 
store diverted AWSA water.  Storage is a requirement for any beneficial irrigation use of 
AWSA water since water legally available for diversion pursuant to the CUFA occurs, by 
legal definition, when all other needs are met.  AWSA water does not occur in the peak 
summer irrigation season, except rarely and briefly due to storms that are sufficiently 
large to raise the daily average flows above the bypass required to meet CUFA term 
1.1.1.  When storage volume is small, as in the case of the Proposed Action, the small 
storage volume is the yield constraint, not the diversion capacity.   There is no need to 
increase diversion and conveyance capacities above their existing nominal capacity of 25 
cfs for each of the three ditches.  The ponds can be filled with a low diversion rate that is 
less than the combined capacity of existing ditches. 
 
The CUFA contains an agreed mathematical definition, ratified by the AWSA to the 
extent it is consistent with the AWSA, of the daily requirements for junior NM Unit 
diversions to be in priority with respect to senior rights in the Duncan-Virden Valley and 
those downstream.  The CUFA does not protect water from the junior AWSA diversion 
that is needed to fulfill the water rights of the intervening senior diverters in New Mexico 
except for Virden Valley rights.   
 
The authors operated their CUFA diversion yield model on June 18, 2018, to investigate 
sensitivity of the AWSA/CUFA diversion’s usable water yield to NM Unit diversion unit 
capacity and to a minimum Gila River diversion bypass requirement.  Twenty 
simulations were performed, 12 with different values of AWSA diversion capacity and 
eight for different values of AWSA diversion bypass.  The twelve simulations that show 
the sensitivity of AWSA yield to AWSA diversion rate are depicted in Figure 1a.  The 
eight simulations that show the sensitivity of AWSA yield to AWSA bypass are depicted 
in Figure 1b.   
 



 

 

All simulations were based on 4,000 acre-feet of reservoir capacity with an average depth 
of 15 feet to represent the NM CAP Entity’s proposed action.  All simulations presumed 
36 cfs reservoir releases during May and June to provide supplemental irrigation 
supplies, pursuant to a need the NM CAP Entity has publicly described, because the 
Proposed Action does not quantify either the seasonal distribution or rate of storage 
releases.   NM CAP Entity minutes document their desire for supplemental irrigation 
during the dry season, which they defined as May and June.  36 cfs represents 12 cfs for 
each of the three ditches, is approximately half of the existing nominal diversions for 
each of the three ditches, and when released during May and June is approximately 
equivalent to the amount of modeled usable water net annual yield.  Model “dashboards” 
for these 20 simulations will be submitted with the model for the record.  These 
dashboards contain all of the data for the curves illustrated in Figure 1. 
 
Figure 1a shows that the AWSA diversion yield of the NM Unit is constrained by 
something other than the existing ditch diversion capacities.  The marginal increase in 
AWSA diversion yield in response to increases in total AWSA diversion capacities above 
50 cfs is negligible.  Specifically, the sensitivity analysis shows that increasing the ditch 
capacity above the existing diversion/conveyance capacity of 75 cfs (25 cfs per ditch) 
produces an increased AWSA diversion yield of 1%.  A lower AWSA diversion rate of 
45 cfs (15 cfs per ditch) would yield 97% of the AWSA water that could be diverted and 
stored at a rate of 75 cfs.   
 
The NM CAP Entity’s determination that the Proposed Action would include doubling 
the capacity of the existing ditch diversions and canals is arbitrary and capricious.   The 
existing ditch capacities are sufficient to develop AWSA water with the storage capacity 
included in the Proposed Action.   

 
Figure 1b shows that a diversion bypass—a required Gila River minimum flow measured 
below the diversion—can be substantial and not significantly reduce AWSA diversion 
yield.  A minimum Gila River flow of 35 cfs or the AWSA bypass documented by 
AECOM in their October 2017 report to the ISC to provide water to meet intervening 
senior NM demands, whichever is greater, would yield 99% of the AWSA water 
produced with a minimum bypass of zero.  A minimum bypass of 50 cfs would yield 
93%.  Restoration of the 150 cfs bypass3 would reduce AWSA diversion yield by only 
24% compared to no bypass. 

 
Understanding the curves of the two sensitivity graphs presented herein requires 
understanding the interaction of the various CUFA Terms of New Mexico Diversions 
with the historical daily hydrology record.  If the reviewers of these comments and the 

                                                        
3   ISC staff publicly stated, repeatedly, including to the New Mexico Legislature, that any proposed NM Unit would 
include a 150 cfs “environmental” bypass intended to meet environmental needs and the water demands of senior 
diversions in New Mexico downstream of the NM Unit diversions.  The NM CAP Entity removed this public 
assurance without any public discussion or decision or any public ISC concurrence.   



 

 

EIS preparers responsible for correctly applying these constraints do not understand all 
aspects of these CUFA modeling results, that would demonstrate they do not understand 
the CUFA.  The various terms of the CUFA interactions with the daily historical 
hydrology and the proposed action capacities explain what may appear as anomalies, 
such as the median and mean yield versus bypass curves crossing or the shapes of the 
curves that represent the number of days with diversions into available storage volume 
pursuant to the CUFA.  Understanding requires familiarity with how the CUFA Terms of 
New Mexico Diversions and the available reservoir storage volume interact with the daily 
historical or projected future characteristic hydrology of the Gila River to compute the 
allowable AWSA daily diversions.   
 
The CUFA must by its nature be the heart of any consideration of AWSA water yield 
pursuant to the junior NM Unit diversion priority that the CUFA terms define as a series 
of rules.  These rules are a major determinant of project functional requirements and 
costs.  The CUFA requirements have been a source of controversy since Estevan Lopez, 
as Director of the ISC, informed the New Mexico Senate Conservation Committee during 
a bill hearing during the 2014 Legislative Session that he was withholding the ISC’s 
CUFA yield calculations from Mr. Gaume because Mr. Lopez perceived Mr. Gaume’s 
intention was to use that information to influence the legislative process.4  The public 
remarks of members of the NM CAP Entity and its Executive Director indicate they 
individually and as an entity have a poor understanding of the CUFA, the annual and 
seasonal availability and reliability of AWSA water legally available for diversion by a 
NM Unit, and the important legal and physical limitations the hydrology and the CUFA 
jointly impose.   
 
The Secretary of the Interior is a party to the CUFA but his agency staff appear to lack 
current expertise pertaining to its complex requirements.  BOR staff members and 
managers have over time consistently acknowledged BOR’s undetailed understanding of 
the AWSA water availability and the NM Unit yield, other than the 14,000 acre-feet 
maximum annual average consumptive use.  BOR staff recently acknowledged the 
requirements of Secretary of the Interior’s responsibilities as the NM Unit diverter.  This 
role requires the Secretary to calculate the NM Daily Diversion Right at 8:00 am daily 
pursuant to the CUFA Terms of New Mexico Diversions.  The Secretary must then 
determine the actual diversion considering the current hydrologic trends and meeting 
senior demands the following days.  The Secretary must maintain, and not delegate, these 
responsibilities.    
 
The authors urge the BOR to develop the necessary expertise now and apply it to the 
NEPA analysis.  To do its job, the BOR requires independent expertise in the CUFA now 
as the primary determinant of yield; as the basis for appropriate sizing of diversion, 

                                                        
4  A recording of Mr. Lopez’s statement was posted on the web site of the Sunshine Foundation.  



 

 

conveyance, and storage components; and to prudently provide independent technical 
peer review of the AECOM’s modeling and conclusions.5 
 
Gila River Dewatering by Wasteful Irrigation Diversions 
 
Historical river drying below Cliff-Gila Valley irrigation diversions is a major issue that 
must be analyzed in detail pursuant to the EIS evaluations of water need and cumulative 
impacts.  ISC staff consistently have articulated the ISC goal to ameliorate chronic river 
drying below the Cliff-Gila Valley diversions through NM Unit project water flow 
augmentation.   For example, the ISC’s legally required New Mexico Unit Fund annual 
reports to the New Mexico Legislature have featured the river drying problem and 
marketed the NM Unit flow augmentation concept as the solution.   
 
BOR must document the relevant facts regarding river drying below irrigation diversions 
and analyze the effects of the NM Unit, incrementally and cumulatively, on river drying.    
Actual diversions that on average exceed 400% of the associated diversion rights are 
responsible for the vast majority of historical river drying.  BOR must determine if the 
NEPA analysis of cumulative effects of the diversion on river drying will assume the 
drying caused the historical excessive diversions will be presumed to continue, or not. 
 
Summary of Relevant Data 
 
The US Supreme Court decree in Arizona v California requires New Mexico to prepare 
and maintain for inspection annual reports to document New Mexico’s compliance with 
the requirements of the decree.  New Mexico is required to measure and report irrigated 
acreage, diversions, and consumptive use.   
 
The decree compliance annual reports show the following.  The ISC identifies what crops 
are being grown on what specific fields irrigated from the Gila River and its tributaries.  
The ISC calculates the monthly water needs of the specific crops given the actual 
weather.  The ISC contracts for daily diversion gauging and reporting.  The ISC 
compares the monthly total crop irrigation requirements for the crops irrigated from each 
ditch with the amount of water diverted by each ditch to determine whether or not each 
ditch diverted sufficient water monthly to fully meet crop consumptive use requirements 
after overcoming the losses and depletions associated with ISC assumed 41% irrigation 

                                                        
5 AECOM, as the ISC’s engineer, per the ISC’s approved FY19 Gila/AWSA work plan, will model the CUFA 
Terms of NM Diversions and determine diversion yield and yield of new usable AWSA water for the NEPA 
analysis.  AECOM recently acknowledged in a written response to the ISC that the October 2017 AECOM model 
posted by the ISC includes errors and omissions.  AECOM’s October 2017 report indicated that model also requires 
additional development to simulate the simultaneous operation of multiple NM Units for the Cliff-Gila Valley, the 
Virden Valley, and the San Francisco River.  It is unknown how AECOM will address those shortcomings in 
modeling the yield of alternatives and the Proposed Action for the NEPA ID team, the quality control measures that 
BOR will require pertaining to the AECOM modeling and results, or the marginal yield benefits of expensive 
increments of NM Unit infrastructure capacity and cost.  



 

 

efficiency.  These determinations are explicit in the ISC’s annual decree compliance files.  
The ISC rarely concludes that diversions in any month from any ditch do not fully meet 
the crop consumptive use requirements for the lands irrigated from those ditches. 
 
According to the ISC’s annual decree compliance reports from 2000 through 2015,6 the 
median acreage irrigated in the Cliff-Gila valley is 1,518 acres, while the median annual 
diversion is 31,046 acre-feet, or 20.5 acre-feet per acre per year.  These median annual 
diversions exceeding 20 acre-feet per acre significantly exceed the irrigators’ adjudicated 
state water rights.  Actual diversions are more than four times higher than the associated 
beneficial use requirements and associated diversion rights.  ISC decree reports for the 
San Francisco River irrigated areas show similarly excessive diversions.  
 
The relevant adjudication decrees and an ISC assumption regarding ditch losses define 
Gila River basin irrigators’ consumptive use water rights, including the project delivery 
requirement (ditch diversion right) and farm delivery requirement.  The ISC has assumed 
since it initiated decree reporting in 1968 that one-fourth of the water diverted by the 
Cliff-Gila Valley is lost to canal seepage and incidental depletions.  The resulting overall 
irrigation efficiency7 is 41%.  ISC decree reports indicate an annual crop irrigation 
requirement of 1.8 acre-feet per acre is representative, or 2,732 acre-feet per year total for 
1,518 acres.  At 41% irrigation efficiency, total annual diversions of 6,664 acre-feet8 per 
year would fully satisfy the crop consumptive use requirements of the median 1,518 acres 
of irrigated crops.   Actual annual median diversions of 31,046 acre-feet are 446% of the 
diversion limit of 6,664 acre-feet defined by beneficial use, which under law is the basis, 
the measure, and the limit of a water right. 
 
Most River Drying is Caused by Wasteful Diversions that Exceed Water Rights 
 
Figures 2 and 3 were prepared to illustrate the increased river drying caused by excessive 
diversions.9   Each graphic illustrates the daily average flow of the USGS Gila near Gila 
stream gauge for each day from October 1936 through December 2017 with a color-
coded cell for each day of the almost 30,000 days of that period of record.    
 
Figure 2 illustrates the unmodified daily gauge flows downloaded from the U. S. 
Geological Survey.   Figure 2 color value assignments were selected to illustrate trends in 
the occurrence of both high and low flows.  Figure 2 shows the Gila River near Gila 

                                                        
6 Mr. Gaume has inspected, pursuant to the explicit requirements of the decree, all of the ISC’s decree compliance 
annual reports and files.  As of February 2018, the ISC file for 2015 was the most recent available.  These files 
indicate the only distribution by the ISC of its annual decree compliance reports is to the BOR. 
7 The 1964 adjudicated value for on-farm efficiency for the Cliff-Gila Valley is 55%.  The off-farm efficiency is 
75%.  The irrigation efficiency is the product of the two.  0.75 x 0.55 = 0.4125 or 41%. 
8 The diversion right is equal to the annual consumptive irrigation requirement divided by the irrigation efficiency. 
9 Mr. Gaume presented these graphics to the NM CAP Entity at its February 2018 meeting along with the AWSA 
yield modeling results.  



 

 

always has flow and that there are apparent trends for both high and low flow 
occurrences.   
 
Figure 3 includes two graphics.  Each day in the 81-year period of record for Figures 3a 
and 3b is assigned a color based on the daily streamflow at the Gila near Gila USGS 
stream gauge minus a calculated value for the daily diversion on that date.  The Figure 3 
color value assignments were selected to emphasize periods of zero flow.   
 
Figure 3a illustrates an approximation of the days the Gila River would have been dry 
below the diversions if the diversion amounts were limited to the water needed for 
beneficial use.10  Figure 3b illustrates an approximation of the days that were dry below 
the diversions due to actual diversions.11 
 
The wasteful increment of the excessive historical diversions, which the ISC’s decree 
reporting from 2000 to 2015 reveals were in excess of 400% of the diversions required to 
fully meet the consumptive use needs of the crops at 41% irrigation efficiency, causes a 
massive amount of incremental river drying below the irrigation diversions.   The 
incremental river drying is the difference between the drying shown in Figures 3a and 3b. 
 
Figures 3a and 3b are approximations due to use of calculated values for daily diversions.  
Figure 3a assumes that the average of the two consumptive irrigation requirement 
monthly values for each month in 2014 and 2015 is representative for that month in other 
years.12  The model also has no spatial representation, which means the diversions are 
assumed to occur at the gauge location.  In reality, return flows from the two upstream 
diversions (Upper Gila and Ft. West ditches) provide supply to the downstream diversion 
serving the Gila Farms ditch.  Figure 3b assumes the actual diversions in each month 
historically are represented by the monthly average diversions for the respective months 
in 2014 and 2015. 
 
BOR should utilize data available from the ISC decree compliance reports to replace 
these approximations with the ISC’s computed monthly consumptive irrigation 
                                                        
10 The colors of all of the cells in Figure 3a illustrate the calculated result of subtracting the approximate diversions 
needed to supply the Cliff-Gila Valley consumptive irrigation requirements from the daily gauge flows.    The daily 
gauge flows for the period of record are reduced by the daily average value of the mean monthly diversion amounts 
to which Cliff-Gila Valley ditches are entitled.   
11 The colors of all of the cells in Figure 3b illustrate the calculated result of subtracting the daily value of the actual 
monthly average diversions for 2014 and 2015 from the daily gage flows.     
12 The approximation results from the ISC refusing to provide Mr. Gaume access to ISC’s digital data, which the 
ISC claims are not a public record subject to the New Mexico Inspection of Public Records Act.  The ISC posted its 
2014 and 2015 spreadsheets with calculations of monthly consumptive irrigation requirements and associated 
diversion requirements following a request from Senator Martin Heinrich for this information.   
http://nmpoliticalreport.com/143708/the-politics-of-wrangling-data-on-the-gila-en/  The ISC refused to provide 
digital copies of its spreadsheets for other years to Mr. Gaume except under the terms of a written agreement which 
would require him to agree to not share the information or disclose it to publicly criticize the ISC’s advocacy for the 
NM Unit.  The ISC deems such uses “political.” The ISC exercises its state law discretionary authority to withhold 
digital data contained in databases if the intended use is “political.” 



 

 

requirement values.   BOR should obtain, evaluate, document, and use the ISC’s actual 
decree reporting data for all months to replace the approximations that rely on 2014 and 
2015 data only.   
 
Attachment:  Coha/Gaume model release notes 
 
 
 
  



 

 

Figure 1:  Sensitivity of AWSA Yield to AWSA Diversion Rate and Bypass 
 

 

 



 

 

Figure 2:  Illustration of Historical Gila River High and Low Daily Flows 
 

 

Figure 1: Gila Near Gila Gage Historical Daily Flows Showing 
Recent Pattern of Reduced Spring Snow-Melt Runoff

with Earlier Low-Flow periods With Less Water
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Figure 3:  Illustration of the Incremental River Drying Caused by Historical Diversions 
that Exceed 400% of the Associated Water Rights and Beneficial Use Requirements 
 

 
 

 
 

Figure 3a: Daily historical Gila near Gila River Flow 
Minus the mean monthly diversion amounts to which irrigators

are entitled by law in order to supply the actual crop water needs 
as calculated and reported by the ISC during 2014 and 2015 

pursuant to the decree in Arizona v California
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Figure 3b: Daily historical Gila near Gila River Flow 
Minus mean monthly diversions for the Cliff-Gila Valley 
measured and reported by the ISC during 2014 and 2015 

pursuant to the decree in Arizona v California
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Release Notes: 

 
8-Mar-18 

 
Subject: Transmittal of Coha/Gaume Simulation Model for NM CAP Entity December 20, 2017, 
Proposed Action 

 
As requested, Peter Coha has made our model available to you via Dropbox.   It is subject to a 
Creative Commons license.   
https://creativecommons.org/licenses/by-sa/4.0/ 

 
Brief documentation of our work follows: 

 
 
Errors in AECOM model CUFA water availability logic corrected by Gaume/Coha: 
1.      Model compared gaged flows from wrong prior days with the Term 1.1.1 Upper Valleys 
Daily Demand to determine Term 1.5 Daily Diversion Basis. 

2.      Some AECOM column headings, now in row 1 of the calculation sheet, were labeled with 
CUFA terms that did not describe the column contents.  Coha/Gaume added Row 3 with USGS 
gage number references and CUFA Exhibit 2.47 “Terms of New Mexico Diversions” paragraph 
references.  Row 5 contains Coha/Gaume column labels.    

3.      AECOM CUFA daily water availability calculations were forced to zero for the remainder of 
the year at the point in each year if and when the cumulative sum of NM’s Daily Diversion Right 
at the NM Unit diversion rate exceeded 14,000 acre-feet per year.   The Coha/Gaume model 
accumulates diversions into available storage, not AWSA water in the river. 
4.      Diversion tabulation on first day of year set to zero, rather than the amount diversion on 
January 1. 

 
 
Errors or inadequacies in AECOM model not corrected by Coha/Gaume: 
1.      Diversions on any day were not subtracted from the Gila at Blue Creek gage on diversion 
day plus 1 for purpose of calculating the Duncan-Virden Valley Call constraint for future 
diversion days. 
2.      Usable water assumes no dead pool, no reservoir seepage losses, and no reservoir 
rewetting losses after drying. 
3.      Model structure is not capable of correctly simulating release and accounting of reservoir 
water on days when releases to meet agricultural demand are scheduled but historical direct 
flow was sufficient to meet demand.   Similarly, model structure cannot simulate the benefits of 
late season releases of “refill” water to meet late season demand, a potential benefit 
Reclamation staff has described to the NM CAP Entity Board. 
4.      Model cannot simulate the joint operation of multiple NM Units. 
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Coha/Gaume changes to AECOM model structure: 
1.      AECOM what-if logic stripped from model. 
2.      The majority of the workbook calculations were consolidated in the calculations sheet 
from other sheets:  
a.       Moved the input parameters from the Results sheet to columns A through I in the 
Calculations sheet,  
b.      Moved the CUFA tables from the Calls sheet to columns A through I in the Calculations 
sheet, and  
3.      Added additional items tracked in the Diverted Water sheet.  
4.      Added model output information to the “dashboard” in columns A through I in the 
Calculations sheet.   
5.      Results now only contain the graph of the “Legally Divertible Water”, “Physically Available 
Water”, “Annual Sum of Diversion”, and “Annual Diversion into Reservoir”  
6.      Added simple reservoir mass balance logic to simulate daily reservoir storage volume 
equal to storage at t-1 plus inflows minus evaporation losses and releases to meet demand.   
a.       Reservoirs illustrated in the Google Earth screen shot that was part of the December 20, 
2017 Proposed Action letter to Reclamation totaled 325 acres when measured with GIS.    
b.      Coha/Gaume model assumes 230 surface acres of reservoirs to store 2,300 acre-feet of 
water.   
c.       Evaporation simulated using ISC’s daily evaporation rate data from ISC’s April 2016 Gila 
symposium model as posted on nmawsa.org  

d.      Reservoir supplemental irrigation demand schedule is as articulated by NM CAP Entity: 
supplemental irrigation water is needed during May and June.  AECOM simulates ag demand as 
throughout the growing season. 
7.      Added daily gage and reservoir data to extend simulation period through the end of 2017. 
8.  6/14/2018: In simplifying the "NMCAP Water Bank" calculation, allowed the "NMCAP Water 
Bank" to be less than zero. Added logic back in that would not allow the "NMCAP Water Bank" 
to be less than zero.  

 
Notes: 
1.      Pivot tables and graphics based on pivot tables require manual operation.  They don’t 
automatically recalculate. 
2.      Creation of the heat charts is a completely manual process. 

 
You may contact either Peter Coha or Norm Gaume if you have questions. 

 
 
 
 
 
 
 
 



From: Norm Gaume <normgaume@gmail.com> 
Sent: Friday, July 20, 2018 8:29 AM 
To: NM Unit EIS 
Subject: Technical scoping comments 
Attachments: 2018-07-20 Gaume technical scoping comments.pdf 
 
Please see my technical scoping comments that pertain to the EIS for the NM Unit of the Central Arizona 
Project. 
 



Comments of Norm Gaume, P.E., (ret.) 
 

Pursuant to the Notice of Intent to 
Prepare an Environmental Impact Statement, 

New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico 
[RR03510000, XXXR0680R1, RR171260120019400] 

 
Delivered Via NMUnitEIS@empsi.com 

 
July 20, 2018 

 
 

Introduction 
 
These comments address technical aspects of the Proposed Action.  These comments are in 
addition and complimentary to the comments of the Gila Conservation Coalition and the joint 
comments of Norm Gaume and Peter Coha pertaining to their modeling of NM Unit water yield 
and analysis of historical river drying. 
 
Norm Gaume, BSEE, MSCE, P.E. (ret.), is a retired licensed professional engineer whose career 
has been focused on water resources planning and management.  He was director of the New 
Mexico Interstate Stream Commission from June 1997 through December 2002. 
 
 
These scoping comments and questions demonstrate a continuum of New Mexico Interstate 
Stream Commission (ISC) and New Mexico Central Arizona Project Entity (NM CAP Entity) 
behavior over many years that has wasted millions of dollars to produce the advocacy science, 
the woefully incomplete planning, and absence of preliminary engineering that now fails to 
provide any meaningful support or definition for the Proposed Action.   It seems impossible for 
the EIS preparers in the short time remaining before the statutory deadline for the Record of 
Decision to address the lack of detail and clarity of the Proposed Action and produce a worthy 
draft EIS and a defensible final EIS. 
 

I.  THE PROPOSED ACTION IS VAGUE AND AMBIGUOUS 
 
It is impossible to understand the Proposed Action.  Basic descriptive information about the 
Proposed Action is required but absent from the NOI, the information available at the public 
scoping meetings, and from the NM CAP Entity’s July 6, 2018 confirmation information.    
 
BOR says as the very first of its assumptions for the biennial project plan to prepare the EIS, July 
2018 through June 2020, that it will be “preparing a project specific EIS with programmatic 



elements and incorporation of Federal Principles Requirements and Guidelines for Water and 
Land Related Resources Implementation Studies (PR&Gs).” 1    The information does not exist to 
provide the basis for a project-specific EIS.  BOR’s Denver Technical Center economist told 
members of the public at public scoping meetings that information needed as the basis of the 
PR&G studies (such as specific proposed uses of project water) is not available and may not be 
timely provided with respect to the deadline for the draft EIS.   If that is the case, the public 
may be deprived of its right to review and comment on the project’s economics.   
 
The vague definition of the Proposed Action at the beginning of the EIS is the unproductive 
result of enormous public resources that have been poured into the NM Unit planning to date 
by the ISC, the NM CAP Entity, and BOR.   The missing basic descriptive information is essential 
to determine the impacts of the proposed NM Unit in a project-specific EIS.  Its absence at this 
late date will make it difficult or impossible to prepare a meaningful draft EIS within the EIS 
schedule disclosed on nmuniteis.com.  The missing information makes it impossible for the 
public to be able to comprehend the functionality of the proposed NM Unit in order to 
conceptualize and recommend alternatives during public scoping.   
 
The absence of substantive information at this late date is not for lack of effort or money.  ISC 
has been planning this project since the ISC conceived it and before it was authorized by the 
2004 Arizona Water Settlements Act and the Consumptive Use and Forbearance Agreement 
amendments to the 1968 NM Unit authorization.  Since 2012, the ISC and NM CAP Entity 
sequentially have selected and discarded many proposed project configurations, lavishly 
spending millions on consultants whose work was subsequently discarded.   
 
Both agencies have been found to have violated open government laws in the process.  The 
New Mexico Attorney General determined the NM CAP Entity illegally closing a public meeting 
to meet with ISC staff to select its initial proposed NM Unit configuration.  A judge ruled the ISC 
illegally awarding a million dollars in engineering contracts that were intended to respond to 
criticisms of an earlier proposed configuration.  The ideas that were the subjects of these 
predecessor configurations for the NM Unit have all failed and been abandoned.   The 
associated expenditures were wasted.   
 
Since 2015, the NM CAP Entity has tinkered with the components of its proposed action.  As 
earlier ideas for the NM Unit configuration have collapsed of their own weight, the NM CAP 
Entity has moved on to other ideas.  They ran out of time to substantively describe their latest 
concepts, which are now the Proposed Action, due to the looming EIS Record of Decision 
deadline.   
 

                                                        
1   IPRA document 000571 dated April 20, 2018, unnumbered embedded attachment entitled 2019-2020 Project 
Plan Assumptions Final.docx, response to May 9, 2018 IPRA request 
 
 



The December 20, 2017 Proposed Action includes three NM Units, as BOR has called them.  
These are the remaining unvetted wish lists of the NM CAP Entity’s geographically distributed 
members, put forward as the Proposed Action but without substantive analysis or any 
consideration of economics.  NM CAP Entity members have repeatedly made statements in 
public meetings arguing that NM Unit costs will be low and regardless, NM CAP Entity members 
will not have to pay them.   
 
A conceptual feasibility study and a preliminary engineering report are standard project 
development steps that are necessary to vet a public project as big and expensive as the 
Proposed Action, but neither exists.   The statement recently posted on nmuniteis.com that 
says, “The proposed action is described in a summary engineering report completed on July 6, 
2018, which provides a comprehensive project description and updated cost information”  is 
false for reasons set forth below. 
 
The project features that remain vague and ambiguous require definition because they are 
fundamental to the utility and operation of the NM Unit.   Documentation of this complex but 
unvetted project and analysis and disclosure of its impacts would be difficult within the short 
time available for preparation of the final EIS if the required information were available.  But 
the required information is not available.  It would require a long time to be developed and 
probably will not be.   
 
Contracts to develop the missing information have not yet been publicly approved by either the 
NM CAP Entity or the ISC, as required by NM law, much less completed.  Early in the year, BOR 
requested2 from the NM CAP Entity a timeline for the NM CAP Entity to develop the required 
engineering information.  BOR still doesn’t have the information or a reliable timeline.   
 
The EIS statement of “needs” for the NM Unit illustrates project definition deficiencies.  The 
project “needs” are to “develop water for delivery at the times, locations, and in quantities that 
will improve agricultural water use.”  Yet, no publicly available material defines any of these 
terms, except for “water.”  During the public scoping period, the NM CAP Entity modified the 
definition of the water it seeks to build the NM Unit to develop to include diversion, delivery, 
and conveyance of both adjudicated and AWSA water, but storage of only AWSA water.   The 
seasonal timing of AWSA diversions to fill project storage are undefined.  The “times” and 
“locations” of deliveries are undefined.  The quantities that will “improve agricultural water 
use” are undefined.  Nothing is said about the quantities and reliability of the AWSA and 
adjudicated water diversions and net yield that the project proponent needs and seeks to 
develop from New Mexico’s junior AWSA diversion and consumptive use right, much less the 
expected contributions of the various sources of supply and the two categories of water for the 
proposed conjunctive use irrigation system operation.       
 

                                                        
2 Sean Heath email to Anthony Gutierrez entitled “proposed action questions,” IPRA document 001410, January 2, 
2018 



Almost all aspects of the proposed NM Unit remain vague and without supporting rationale.   
An outspoken member of the NM CAP Entity used the phrase “build it and they will come” to 
describe the project purpose and vision for the NM Unit to the House Agriculture and Water 
Resources Committee during the New Mexico Legislature’s 2018 session.    “Build it and they 
will come” is effectively the NM CAP Entity’s justification.  “It” remains vague.  “They” and their 
purposes remain anonymous, likely because “they” meaning persons or entities who will 
contract for the water as required by the AWSA don’t exist. 
 
Missing information 
 
Rational derivation and justification of these key project attributes does not exist: 
-- The quantity of needed net yield of project water,  
-- The volume of project storage required to develop the net yield,  
-- The capacity of diversions, pumps, and ditches needed to divert and convey AWSA 

water from diversion to storage facilities,  
-- The infrastructure needed to convey the net yield from storage to contractors’ places of 

use,  
-- The number of conventional wells and pond leakage recovery wells,  
-- The quantity and timing of recovered pond leakage with respect to the timing of needs,  
-- The concepts supporting diversion of AWSA water by conventional wells as part of a 

conjunctive operation with surface water diversions; and  
-- The concepts supporting conjunctive use of decree water and AWSA water and 

anticipated NM Unit delivery operations, i.e., storage releases, ASR recovery well 
production, and conventional well production. 

 
Scoping comment:  The absence of this information and the narrowly statement of purpose and 
need makes it impossible to suggest meaningful action alternatives that will meet the purpose 
and need.   
 
This information is necessary for any meaningful impact analysis but does not currently exist: 
-- Type and conceptual design of the diversion structures and features; 
-- The usable volume of the excavated shallow water storage ponds (total volume minus 

volume associated with freeboard minus volume that is unusable because of 
inadequate head; 

-- Evaporation and seepage losses and water lost to rewet dried ponds after they are 
emptied by use and dried by evaporation; 

-- Total losses from and net yield of usable project water from storage ponds; 
-- The size and type of pumps required to put water into storage and to make stored water 

available for use; 
-- Diversion rates, amounts, sources (shaving the peaks off sediment laden floods versus 

diversion of winter base flows providing clear water, relative quantities of 
diversions from wells and releases from ponds); 

-- The increased footprints, including construction easements, required to double the 
capacity of existing ditches; 



-- Metering and accounting of project water as distinct from decree water; 
-- Locations and footprints of construction easements required, including those to support 

the massive excavations and materials stockpiles; 
-- The volume of and planned disposal of excavation spoil; 
-- Specific locations and footprints of all structures as well as ownership/control 

information for each; 
-- Location of sections of ditches to be lined; 
-- Liner materials for conveyance and storage facilities; 
-- Energy sources and footprints of the facilities required to supply electrical power for the 

project facilities; 
-- Electric power (kW) and energy (kWh) required; 
-- Yields of AWSA water and native groundwater from aquifer storage and recovery of 

AWSA water with conventional wells at Winn Canyon; 
-- Intended use of net yield of project water (new or supplemental irrigation for the Cliff-

Gila Valley, any specific uses of San Francisco River water); 
-- Likely users of AWSA water, intended uses for and timing of the needed deliveries of 

same, users’ willingness and ability to pay; 
-- Construction cost estimates;  
-- Sources and amounts of funds to pay for construction; 
-- Exchange, operations, maintenance, and replacement annual costs and sources of funds 

for same; 
-- Sources of funds to pay annual costs, including the annual costs in years when the AWSA 

yield is zero because of the absence of AWSA water legally available for 
diversion; 

-- Amounts of potential subsidies from public funds for project 
implementation/construction and for annual project operations; 

 
A BOR idea expressed to the NM CAP Entity is the concept that “sub-alternatives” could be used 
as the basis for analysis of the various options for diversion dams.  No dam type has been 
selected.  The impacts of the types of dams illustrated on nmuniteis.com would be very 
different but the type of dam remains undecided at this late date.   
 
Scoping comment:  If “sub-alternatives” are the tool BOR will employ to address unknown basic 
project attributes in the NEPA process, a very large number of sub-alternatives will be required.  
The public had no opportunity to consider or comment on these unknown attributes during 
public scoping. 
 
A brief chronology of BOR’s struggle to obtain basic project descriptive information 
 
The absence of rationale and descriptive information pertaining to the proposed action is the 
latest of a long series of NM Unit planning failures.  Until recently, BOR staff required 
development of substantial descriptive information as a prerequisite for the EIS Notice of 
Intent.  The NM CAP Entity failed to provide this information.  BOR disregarded its prior 
requirements for information and issued the Notice of Intent, regardless. 



 
BOR asked specific questions and categorized its information requirements on January 2, 2018, 
in response to the December 20, 2018 notification of the Proposed Action.   Dave Maxwell, the 
NM CAP Entity’s consulting engineer’s representative, provided a written report to the NM CAP 
Entity at its February 6, 2018 meeting.3  Mr. Maxwell summarized BOR’s information 
requirements set forth in a “NEPA Coordination Meeting” on January 8, 2018, between the NM 
CAP Entity, BOR, ISC, and EMPSi.  The following is an image of a paragraph from Mr. Maxwell’s 
report that lists required information.   Comparison of this list with the information that is now 
available at the end of public scoping shows that the NM CAP Entity has failed to provide this 
information.  Yet BOR formally initiated the EIS. 
 

 
 
None of this information has been provided.  Mr. Maxwell reported Reclamation said it 
required some of this information by February 15, such as “additional geo-hydrologic study by 
AECOM” pertaining to aquifer storage and recovery.   
 
Mr. Maxwell’s list doesn’t include geotechnical investigations and there is no indication that the 
necessary investigations are planned, much less contracted.  BOR has communicated to the NM 
CAP Entity that geotechnical investigations require NEPA compliance as described in BOR’s 
January 2, 2018 email to the NM CAP Entity.    
 
Correspondence4 in late April 2018 between BOR and the ISC obtained through a public records 
request indicates the lack of project descriptive information remained controversial.   A “NEPA 
Coordination Workshop” was planned for May 2-3, 2018.   This correspondence indicates ISC 

                                                        
3 Unattributed handout entitled “Status Report February 6, 2018 CAP Board Meeting” distributed by Dave 
Maxwell, Occam Engineers, and provided by Anthony Gutierrez to Norm Gaume 
4 April 26, 2018 email thread involving BOR’s Deputy Area Manager, BOR’s Environmental Division Manager, ISC’s 
attorney, and ISC’s Gila Project Manager, IPRA document 00423-00425.  



had planned the two-day workshop to identify data to describe resources that would be 
analyzed in the EIS.  BOR objected, saying data to analyze “NEPA resource topics (i.e., bio, 
cultural, etc.)” could be handled in a call.   BOR’s Phoenix Area Office Environmental Division 
Manager said, “Focusing on the engineering side may be more beneficial.”  “What we need for 
the NEPA analysis is the footprint of disturbance, water withdrawal amounts, and operational 
details.  There is obviously a lot of engineering that needs to go into these three topics and I 
think that should be the focus.”   
 
A letter5 to the NM CAP Entity dated May 15, 2018 and signed by the BOR Phoenix Area Office 
Manager and the ISC Director says, “As the Joint Lead Agencies have indicated in emails and 
telephone discussions, we are still waiting for the NM CAP Entity (Entity) to provide the various 
information requested below regarding the proposed action to enable us to begin the National 
Environmental Policy Act (NEPA) process.  The project-specific information described below is 
essential to initiate a thorough analysis and obtain informed public participation early in the 
NEPA process.  This requested information is particularly important…”  (emphasis added)  The 
letter identifies “essential information needs, grouped by NEPA milestones.” 
 
This letter required the NM CAP Entity to submit “A complete project confirmation package” 
prior to publishing the Notice-of-Intent.  The NM CAP Entity’s July 6 project confirmation letter 
and summary report was untimely with respect to the Notice-of-Intent, which was published 
June 12.  It lacks much of the specific information listed in the joint lead agencies’ May 15 
letter.    
 
The May 15 letter also lists information required during the scoping period.   The following 
required information remains missing: 
-- Estimated quantities and timing of diverted water at each project location 
-- A breakdown of adjudicated and AWSA water 
-- Access, rights-of-way, and property ownership at all project locations 
-- Project and temporary construction footprints, estimates of cut and fill volumes and 

locations, spoil areas, construction duration, borrow sites, areas of canal lining, 
processing and staging sites, and power sources. 

 
I asked the Phoenix Area Office Environmental Division Manager at the Albuquerque public 
scoping meeting about the new information the joint lead agencies had written they required 
before publishing the Notice-of-Intent and the other information they required prior to public 
scoping.  The Phoenix Area Office Environmental Division Manager’s reply to me was that no 
additional information was intended for public scoping.  In contrast, BOR and ISC staff had 
explained previously that these information items would be revealed at public scoping, leading 
to the commenter’s expectation that new descriptive information would be illustrated on the 
posters that were on display or described in handouts.  Instead, the posters reproduced 
information developed early this year from the initial maps of the proposed action.       
 

                                                        
5 May 15, 2018, joint letter from BOR and ISC to the NM CAP Entity 



Other Reclamation staff answering public questions at the public scoping meetings were poorly 
informed and provided incorrect information.   For example, BOR staff represented the NM 
Unit would divert flood peaks as its water supply.   “Skimming flood peaks” as a diversion 
concept is obsolete according to public discussions by the NM CAP Entity Board at its meetings 
recorded in meeting minutes.  The newer plan is to divert winter base flows and groundwater.  
Had the NM CAP Entity provided “the estimated quantities and timing of diverted water at each 
project location” as repeatedly demand by the joint lead agencies, I presume that information 
would have informed the public scoping meetings.  In the absence of this information,  BOR 
employees misinformed the public.  This is but one of several examples of BOR staff 
dissemination of misinformation at public scoping meetings. 
 
BOR and ISC worked on their May 15, 2018 letter for a long-time before sending it.   ISC 
attorney Dominique Work emailed the BOR on May 9 to inquire, “where we are at with the 
Joint Leads letter.”  BOR’s Deputy Area Manager replied that date, “The joint leads letter has 
not been sent.  Discussions were occurring at the Regional Director level as recently as today.”6    
 
Scoping comment:  BOR is proceeding with a project-specific EIS for a complex project that is ill-
defined, disregarding the absence of basic descriptive information that until recently BOR 
described as a prerequisite for the Notice of Intent. 
 
Cost Estimate is an Incomplete and Unreliable Low Ball 
 
Mr. Maxwell’s February 6, 2018 report to the NM CAP Entity concludes, “We can then finalize 
our estimated construction costs” “before the February 15th NEPA Coordination follow-up 
meeting.”    That was not done.   
 
Five months later, at the NM CAP Entity’s July 5, 2018, public meeting, the NM CAP Entity’s 
attorney urged the NM CAP Entity to provide its missing estimate of construction costs.   A 
reliable estimate of construction costs remains missing.   
 
The NM CAP Entity’s July 6 confirmation of the proposed action that was subsequently posted 
on nmuniteis.com transmits Stantec’s (the NM CAP Entity’s consulting engineering firm) cost 
estimates totaling $50 million.  Is it coincidental that the NM CAP Entity’s public description of 
the expected indexed appropriation pursuant to the AWSA Section 212 (j) is exactly that 
amount? 
 
Stantec’s July 2018 cost estimates lack detail and credibility.  For example, the estimated cost of 
the pump station required to store water in Weedy Canyon is a single line item of $2,023,000.  
The associated line item description erroneously refers to the Cliff-Gila Valley.  AECOM’s 
October 2017 report estimates a cost of $24,830,000 for the Weedy Canyon 75 cfs, 2000 
horsepower pump station.    The Stantec cost estimate for the Cliff-Gila valley pump station is 

                                                        
6 Email thread dated May 9, 2018, from Dominque Work to Alexander Smith obtained through a public records 
request  



$2,032,659, perhaps indicating the lack of diligence supporting the Weedy Canyon pump 
station cost estimate that is $659 cheaper. 
 
Scoping comments:   
 

• The NM CAP Entity has failed to produce a credible cost estimate for the project 
construction cost.  It has failed to produce any cost estimate of annual costs or overall 
project costs including indirect costs, interest during construction, and other overhead 
uses that are and have been funded from the NM Unit Fund.  The EIS preparers require 
these missing cost estimates to prepare the EIS and analyze the project in accordance 
with the PR&Gs.   

 
• BOR must carefully evaluate the veracity of any cost estimate for the NM Unit prepared 

by Stantec, based on the lack of credibility of Stantec’s July 6 cost estimate. 
 
No engineering report per se 
 
The following statement was recently added to nmuniteis.com   
 

“The NM Unit of the CAP officially approved their proposed action on July 6, 2018. 
The proposed action is described in a summary engineering report completed on July 6, 
2018, which provides a comprehensive project description and updated cost 
information.”     

 
This statement, too, is false.     
 
The so-called summary engineering report does not provide a comprehensive project 
description.   It doesn’t contain the information that BOR has previously itemized as required to 
begin NEPA and has been seeking actively from the NM CAP Entity for a long-time, and 
intensely beginning January 2, 2018.    
 
New Mexico law requires that a licensed engineer be in responsible charge of engineering work 
such as the Stantec July 6 proposed action confirmation report for this public works project.  
The responsible licensed engineer is required to approve the work product documents.  
However, this so-called “summary engineering report” is anonymous, except for the word 
“Stantec” in the title.  It is on plain paper, not letterhead.   It contains no indication that it was 
prepared under the supervision of a professional engineer licensed in New Mexico and 
approved by that engineer.   
 
Issuance of this “summary engineering report” by a consulting engineering firm for a New 
Mexico public entity for public dissemination may be a violation of the 2017 New Mexico 
Engineering and Surveying Practice Act and/or the associated sections of the New Mexico 
Administrative Code.     
 



BOR described this report to the public as a summary engineering report and falsely described 
it as comprehensive, when in fact it is vague and ambiguous.  This false description is either due 
to ignorance or is an attempt to mislead the public during public scoping that the NM CAP 
Entity has finally produced the information required for the EIS. 
 
The reasons this project makes no sense are as plain as the egg on the face of a three-year old 
child after breakfast.  Yet there are vast engineering, legal, and NEPA contractor fees that can 
be billed and Reclamation and ISC staff salaries to pay from the NM Unit Fund.  Thus begins the 
EIS, the latest chapter in the 50-year life of the zombie NM Unit of the Central Arizona Project.   
 
Scoping comments:   
 

• The public statement on the official website for the NM Unit of the Central Arizona 
Project EIS pertaining to the Stantec preliminary investigation report is false and 
misleading.  BOR should exercise greater care in being forthright and honest in the 
preparation of the EIS and associated public statements in order that the public can rely 
on the EIS analysis and public statements of the BOR pertaining to the project. 

 
• BOR and the ISC should require that engineering reports produced for the EIS follow all 

requirements of New Mexico law and rules and regulations pertaining to the 
preparation reports for public works projects in New Mexico. 

 
II. NEW MEXICO REPORTS USING LESS THAN HALF OF ITS ARIZONA V CALIFORNIA DECREE 

APPORTIONMENT 
 
The decree in the Supreme Court case Arizona v. California requires New Mexico to prepare 
and maintain for inspection annual reports to document New Mexico’s compliance with the 
requirements of the decree.  New Mexico is required to measure and report irrigated acreage, 
diversions, and consumptive use.   The New Mexico Office of the State Engineer and the New 
Mexico Interstate Stream Commission each contribute to these annual reports.  The ISC 
maintains the annual files.  Mr. Gaume has recently inspected each of the annual reports and 
supporting data files from 1968 through 2015, the most recent report available at the time of 
his most recent inspection in early 2018. 
 
Despite earlier ISC rhetoric to the contrary, the decree compliance reports show that New 
Mexico is using less than half of the decree apportionment for consumptive use in the Gila River 
basin.  The consumptive use apportionment is significantly underutilized in all of the nine 
geographic regions of the Gila River basin for which the Arizona v. California decree requires 
separate reporting.    
 
Mr. Gaume prepared the attached fact sheet in March 2016 describing and illustrating the ISC’s 
reported consumptive use compared to decree limits within the Gila River in New Mexico 
exclusive of Virden Valley, a geographic area for compliance established by the decree.   Some 
of the language from the fact sheet is now outdated due to the NM CAP Entity’s abandonment 



of the ISC’s 150 cfs AWSA bypass and its vague plans to divert clear winter flows rather than 
sediment-laden flood waters.   
 
Scoping comments:   
 

• BOR should evaluate the justification for the NM Unit of the Central Arizona Project to 
develop the junior AWSA diversion and consumptive use right given that the US 
Supreme Court apportionment provides more unused consumptive use apportionment 
than could be developed by the proposed action concepts.  Diversions to utilize the 
decree apportionment are without limits, except the annual and 10-year consumptive 
use apportionment limits, and are immediately below the headwaters of the river. 

 
• BOR should evaluate full use of New Mexico’s decree apportionment for consumptive 

use as a less expensive and less administratively burdened alternative to the NM Unit of 
the Central Arizona Project.   

 
• BOR should evaluate and document whether or not it is appropriate for New Mexico’s 

decree compliance reporting to rely on consumptive use calculations that apply the 
original Blaney-Criddle method while relying on more modern methods to evaluate 
consumptive use and return flow credits associated with use of AWSA water as 
advocated currently by the ISC. 

 
III. IRRIGATION EFFICIENCY IS TOO LOW FOR USE OF EXPENSIVE AWSA WATER 

 
Irrigation efficiency in the Cliff-Gila Valley is very low, reported by the ISC to be only 41%.  This 
means the beneficial use of the net yield of the NM Unit of the Central Arizona Project would 
not go very far if it is to be used for supplemental irrigation using the existing irrigation system 
and existing irrigation practices.  The actual irrigation efficiency is even lower due to actual 
diversions that are more than 400% of the amount required to fully meet the consumptive use 
needs of irrigated crops at 41% efficiency.  These facts have not received official recognition or 
corrective action to date, even though it seems highly problematic for a NM Unit to provide a 
small increment of existing supply to be jointly used with existing irrigation practices and illegal 
wasteful diversions far in excess of the amounts needed for beneficial consumptive use. 
 
Scoping comments:   
 

• The 1968 Colorado River Basin Project Act requires conservation measures for Central 
Arizona Project water.  BOR must determine and document how these requirements 
apply to the NM Unit, the low existing efficiency of irrigation deliveries and irrigation 
water uses, and the wasteful grossly excessive historical diversions of water apportioned 
to New Mexico by the US Supreme Court decree in Arizona v California. 

 
• BOR and the ISC both have helped the Middle Rio Grande Conservancy District 

materially increase its efficiency.  These increases were associated with the Endangered 



Species Act litigation in the Middle Rio Grande.  The BOR should determine and 
document the existing irrigation practices in the areas that will receive water from the 
NM Unit of the Central Arizona Project and recommend changes to materially reduce 
diversions and diversion requirements and make more productive use of the increment 
of the AWSA water supply.  Needed changes include such basic practices as irrigation 
scheduling, measurement or estimation of farm deliveries, limitation of ditch diversions 
and farm deliveries to the amounts required for beneficial use, lining of ditches, and a 
host of routinely employed measures to increase on-farm irrigation efficiency, including 
field leveling and modifying the size and borders and irrigation turnouts of irrigated 
fields. 
 

• BOR should determine and document the maximum beneficial use of AWSA water 
under the irrigation efficiency improvements, if any, that it determines BOR or others 
will require. 
 

IV. THE CUFA IS FLAWED AND NOT FULLY EXECUTED 
 
The AWSA “authorizes, ratifies, and confirms” the CUFA but only to the extent to which it is 
consistent with the AWSA.  Section 212 (d) contains the statement,  
 

“Such increased consumptive 
uses shall continue only so long as delivery of Colorado 
River water to downstream Gila River users in Arizona is 
being accomplished in accordance with this Act, in quantities 
sufficient to replace any diminution of their supply resulting 
from such diversion from the Gila River, its tributaries and 
underground water sources. In determining the amount 
required for this purpose, full consideration shall be given 
to any differences in the quality of the water involved 

 
The return flow credits provisions of the CUFA provide for additional AWSA diversions in the 
amount of approved return flow credits without a commensurate increase in deliveries of 
exchange water from the Central Arizona Project canal to Gila River for the NM Unit exchange 
partners.  However, the return flows that are credited will be consumed and will not benefit 
those exchange partners.  Therefore, the CUFA as written allows “increased consumptive uses” 
that will cause “diminution of their supply.” 
 
The signatures of the Franklin Irrigation District and the Gila River Irrigation District to execute 
the CUFA are conditioned on adoption of Amendment #1, which was prepared to replace the 
version of the Terms of New Mexico Diversions in CUFA Exhibit 2.48, which is different from 
and in conflict with the Terms of New Mexico Diversions in Exhibit 2.47.  An unexecuted copy of 
Amendment #1 indicates that the Exhibit 2.48 version is faulty and was mistakenly included in 
the CUFA.  This faulty version was incorporated in the NM Unit Agreement, which will also 
require amendment. 
 



Scoping comment:  The BOR must admit the CUFA return flow credits provision is invalid 
because it violates requirements of the AWSA.  BOR must conduct all EIS analyses and amend 
the CUFA accordingly. 
 

V. THE SECRETARY OF THE INTERIOR’S TRUST RESPONSIBILITIES 
 
The CUFA is a mathematical representation that defines the conditions for allowable diversions 
of AWSA water that absent the diversion would flow into San Carlos Reservoir, where it would 
be available for use by the reservoir beneficiaries.  Diversions of water pursuant to the CUFA 
will reduce the amount of water flowing into San Carlos Reservoir. 
 
Scoping comment:  The BOR must analyze the impacts of the NM Unit on Indian trust assets.  
The BOR or the Department of the Interior must determine the additional conditions for 
implementation of the NM Unit, and their costs, that are necessary for the Secretary of the 
Interior to fulfill the United States’ trust responsibilities to protect Indian trust assets of the San 
Carlos Apache and the Gila River Indian Community. 
 

VI. TECHNICAL COMMITTEE 
 
The CUFA establishes a Technical Committee with purview over many aspects of the NM Unit, 
including groundwater diversions of AWSA water, return flow credits, and measurement and 
monitoring of AWSA water to the degree required to account for it vis a vis water apportioned 
to New Mexico by the US Supreme Court decree.  These are complex and controversial matters.  
Reclamation has said it will not convene the Technical Committee for the purposes of the EIS 
but will make assumptions regarding the issues over which the Technical Committee has 
authority. 
 
Scoping comment:  The BOR must document the decisions in makes in lieu of convening the 
Technical Committee and the reasons that BOR’s decisions should be acceptable to the 
Technical Committee. 
 

VII. GROUNDWATER DIVERSIONS OF AWSA WATER AND CO-DEVELOPMENT OF DECREE 
APPORTIONMENT WATER 

 
The proposed action includes conflicting numbers of conventional production wells and an 
aquifer storage and recovery scheme with three conventional wells for recovery of stored 
groundwater.   The erratic occurrence of AWSA water seems incompatible with diversion by the 
nine conventional production wells.  The inclusion in the proposed action of NM Unit facilities 



designed for the planned development of decree apportionment water seems inconsistent with 
the AWSA. 
 
Scoping comments:   
 

• The BOR must evaluate how the conventional production wells will be operated and 
why the anticipated operation makes the wells productive components of the NM Unit 
of the Central Arizona Project. 

 
• The BOR must determine and address in the EIS the state law water rights issues 

associated with the proposed operations of the conventional production wells.  It must 
answer the question, “whose water rights to water apportioned by the decree will be 
diverted and what permits must be secured for those diversions.” 

 
VIII. AQUIFER STORAGE AND RECOVERY CONCEPTS 

 
AECOM assumed that water leaking into the alluvial aquifer from a previous NM Unit concept 
relying on aquifer storage and recovery would be recoverable for an arbitrarily determined 90 
days with linear dissipation of recoverable water to zero in 90 days.   AECOM has recently 
indicated, in documents obtained through a public records inspection request, that it will not 
apply analytical methods to determine recoverable water from the proposed leaky storage 
ponds in Winn Canyon.  Rather, it has indicated it will model ASR yield with using its original 
linear decay model, but with a value for the duration that recoverable water will remain 
recoverable established by Stantec.   
 
Further, AECOM asked Stantec to determine the modeling value it should use for aquifer 
transmissivity.  Instead, Stantec replied with an assumed value of 21 feet per day for the 
velocity of leakage flowing in the groundwater flow system toward the recovery wells.  Stantec 
assumed a plug flow model for leakage moving toward the Gila River, with the leakage flowing 
through alluvium below Winn Canyon and not dissipating into the Gila Conglomerate that 
bounds the sides and bottom of the alluvium.   
 
None of these assumed models and values have a scientific basis or are derived from an 
appropriate analysis, to the best of this commenter’s knowledge. 
 
Scoping comments: 
 

• BOR must employ and document its use of scientifically based groundwater flow 
modeling techniques to estimate the amount of Winn Canyon pond leakage that can be 



recovered from the three conventional wells that will be used to recover water “stored” 
in the aquifer. 

 
• BOR must determine the degree to which the “aquifer storage and recovery” scheme 

involving leakage from Winn Canyon wells is consistent with the state law defining 
requirements for aquifer storage and recovery projects. 

 
 

IX. CONCEPT OF UNCONTROLLED RETURN FLOWS AS OFFSETTING BASIS FOR SUBSEQUENT OR 
DOWNSTREAM DIVERSIONS 

 
The vaguely defined and described proposed action may involve using return flows from AWSA 
water to justify an equivalent amount of additional diversions of groundwater or surface water 
downstream.  This is not consistent with New Mexico law that requires that water remain 
under the dominion and control of the water rights user in order to make subsequent use of it. 
 
Scoping comments:   
 

• The BOR must analyze and document how the Proposed Action concepts rely on return 
flow credits or actual return flows as the basis for subsequent diversions of an 
equivalent amount of water. 

 
• The BOR must determine if such reliance on return flows is permissible under state law. 

 
X. FEATURES OF THE NM UNIT LEADING TO FUTURE FULL DEVELOPMENT OF AWSA WATER 

 
The Proposed Action indicates that the NM CAP Entity intends future full development of the 
14,000 acre-feet per year limit of the AWSA authorization for the NM Unit.  This intention 
disregards the realities required for development of AWSA water, i.e., development requires 
storage or direct use at very large rates, which is not affordable or practical in the NM Unit 
setting.  Further, none of the features of the Proposed Action were selected or designed to 
accommodate or facilitate future increased development of the AWSA consumptive use right. 
 
Scoping Comment: The BOR must document how Proposed Action features would facilitate 
future development of AWSA water to the extent that they have no proposed action 
functionality but are included in the Proposed Action regardless, i.e., the increased diversion 
and conveyance capacities.   
 
 



From: Henry Johnstone <hjohnsto@glhn.com> 
Sent: Friday, July 20, 2018 4:35 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
 
To the review team: 
 
I am the owner of several property lots that span both sides of the river between the proposed dam 
below bridge and pump station below reservoir.  Surface stream flow in this area has been continuous 
over the 12 years I have owned these three lots. The area in proximity to the river contains a large stand 
of mature cottonwood. I have (unscientifically) observed and seen evidence of many species living in or 
moving through this area including beaver, fox, bear, deer, elk, turkey, javelina, and some sort of large 
cat. 
 
I am concerned over the potential environmental effects on the health of this riparian area that might 
occur if flow in the river was to be curtailed, even seasonally, but particularly during extended periods of 
drought. 
 

1. What is the expectation for minimum continuous stream flow in the stretch between the 
proposed diversion dam and pump station at the base of the proposed weedy reservoir?  

2. Would minimum flow below the dam be a requirement of this project?  
3. What sort of control will regulate volumes through the proposed conveyance pipe? 

 
 
 



 
 
Thanks for your consideration of my concerns. 
 
Henry Johnstone 
520 906 5553 
hjohnsto@glhn.com 



Pease submit your comments using 
one ofthe methods below: 

Mail: 

Phoenix Area Office, 
Bureau ofReclamation 
(ATTN: l\IM Unit EIS) 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Email: ~;i\1t · ni\fiS;ge!ll.IJSi ,~_c~.m. 

Online: v,rww.NTv1UnitEIS.com 

Before including your address, phone number, email address, or other personal identif)'ing information in your comment, you should be aware that 
your entire comment-including your personal identifYing information-may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifYing information from public review, we cannot guarantee that we will be able to do so. 

For more information7 visit www.NMUnitEIS.com 

July 2018 
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Lesser Goldfmch 54 Spotted Towhee 7 Northern Flicker 2 
Blue Grosbeak 33 Brewer's Blackbird 6 Phainopepla 2 
Gambel's Quail 28 Cassin's Kingbird 6 Plumbeous Vireo 2 
Mourning Dove 27 Lazuli Bunting 6 Red-tailed Hawk 2 
Red-winged Blackbird 26 Northern Mockingbird 6 Ruby -crowned Kinglet 2 
Western Wood-Pewee 21 Vesper Sparrow 6 Tree Swallow 2 
Pine Siskin 19 Yellow Warbler 6 White-throated Swift 2 
House Finch 18 Green-tailed Towhee 5 Yellow-breasted Chat 2 
Lucy's Warbler 18 Lincoln's Sparrow 5 Yellow-rumped Warbler 2 
Black-chinned Hummingbird 17 White-winged Dove 5 Acorn Woodpecker 1 
Summer Tanager 16 Barn Swallow 4 American Kestrel 1 
Violet-green Swallow 16 Brown-headed Cowbird 4 Chipping Sparrow 1 
American Goldfmch 14 Eurasian Collared-Dove 4 Common Raven 1 
Broad-tailed Hummingbird 12 Song Sparrow 4 European Starling 1 
White-crowned Sparrow 11 Turkey Vulture 4 Ladder-backed Woodpecker 1 
Bewick's Wren 10 Canyon Towhee 3 Lark Sparrow 
American Robin 9 Common Yellowthroat 3 MacGillivray's Warbler 
Black-headed Grosbeak 8 Curve-billed Thrasher 3 Northern Rough-winged Swallow 
Cliff Swallow 8 Pacific-slope Flycatcher 3 Orange-crowned Warbler 
Vermilion Flycatcher 8 Wilson's Warbler 3 Pyrrhuloxia 
Western Kingbird 8 Yellow-billed Cuckoo 3 Rufous-crowned Sparrow 
Black Phoebe 7 Ash-throated Flycatcher 2 Scott's Oriole 
Bullock's Oriole 7 Great-tailed Grackle 2 Sharp-shinned Hawk 
Northern Cardinal 7 Hooded Oriole 2 Warbling Vireo 

Phoebe 7 House Wren 2 Western T 
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Scoping Comment Letter for the Proposed New Mexico Unit of the Central Arizona 
Project: a Water Diversion, Storage, Conveyance and Delivery System for Agricultural 

Use 

                                                                                                                                              
                   

July 19, 2018 

  

Dear Department of Reclamation, New Mexico Interstate Stream Commission and Cooperating 
Agencies, 

  

Thank you for taking my comments.  (Please note that I have also attached a copy of this letter in 
Word in case that is easier to read or print.) 

  

First of all I found the information provided at the public scoping meeting to be vague and 
insufficiently detailed to have a clear understanding of the proposal.  The lack of disclosure of cost 
estimates was particularly troubling.  And the fact that the intended diversion structures were not 
disclosed leads me to wonder if the lack of information is deliberate and designed to make public 
input difficult, which is also concerning.  

  

Secondly, I do not appreciate the diffuse meeting style, with no information disseminated the 
audience as a whole, and no audience question and answer session that those attending could 
participate in and learn from.   Both the vagueness of the information and the choice of meeting 
style puts the public at a distinct disadvantage when trying to make informed and intelligent 
comments.  



  

My concerns fall under the following general areas:  upstream impacts, groundwater drawdown, 
diversion structure concerns, endangered species, plant and animal population health, climate 
change, cultural resources, ethical and economic concerns, and habitat enhancement. 

  

Upstream impacts:  

  

The EIS should examine not only downstream impacts, but also upstream impacts, including 
impacts to river flows (and *whether* the river flows, since at least one fork of the Gila River and 
one tributary creek, within and near the Gila Wilderness boundary, runs subsurface for parts of the 
year), and impacts to the population and physical health of upstream flora and fauna, whether they 

are currently protected under the Endangered Species Act or not.  

The EIS should take into consideration the fact that an increased number of flora and fauna – both 
downstream and upstream of the diversions - will be increasingly at risk with continued  and / or 
accelerating habitat loss, climate change, water and food stress , devastating large-scale fires, and 
other factors unforeseen within the Gila and San Francisco River watersheds, Gila National Forest, 
and the Gila and Aldo Leopold Wilderness Areas.  

Negative impacts to riparian vegetation should be considered, both upstream and downstream of 
the project area, including the potential for a reduction in riparian area width, diversity of plant 
species, and plant health in the West, Middle and East Forks of the Gila River upstream of the 
proposal – within the Gila National Forest and the Gila Wilderness area.  I do not know the San 
Francisco River well, but I am sure that it is deserving of a similar examination of negative impacts 
to the riparian area’s flora and fauna, both upstream and downstream of the proposal.  

  

The West Fork of the Gila (as well as Little Creek, a tributary to the main stem) within and near the 
Gila Wilderness boundary, are already running subsurface for portions of the year, and if further 
drawdown occurs as a result of this project’s completion, the risk of the West Fork (and other Gila 
River forks and tributaries) becoming a subsurface drainage for increased distances and lengths of 
time during the dry seasons is a serious concern.  

In summary, I am very concerned about decreased river flows and increased periods and distances 
of subsurface flows – particularly upstream of the proposals, within the Gila National Forest and Gila 
Wilderness Area, and to a lesser extent the Aldo Leopold Wilderness Area .  I am also very 
concerned about the proposal increasingly stressing riparian vegetation and wildlife, and 
compromising species health due to decreased river flows and water availability.    

  

The Gila and Aldo Leopold Wilderness Areas were once one contiguous vast wilderness (now split by 
US Forest Service Road #150), and this vast wilderness area was the first in the United States.  Why 
not care for this special place, rather than decimate it? 

  



Groundwater drawdown:  

  

Given that we are facing an increasing severity of droughts and extreme weather events due to 
climate change, with groundwater levels of concern even if this project were not to be 
completed,  what efforts are you making to assess current groundwater and surface water levels 
throughout the project area, as well as upstream and downstream ground and surface water 
levels?   Ongoing longitudinal studies of impacts to ground and surface water levels and flows are 
indicated and necessary, within the project area as well as upstream and down stream on the Gila 
and San Francisco Rivers - for the life of the project - to monitor and protect human, environmental 
and flora / fauna health and welfare. 

  

Diversion Structure Concerns:   

  

Any river-dependent and / or aquatic species should be fully accommodated so that those species 
can feed, reproduce and migrate / move as they always have.  Will there be increased mortality of 
endangered species as a result of the diversion structures?  Do the diversion structures put any 
species at risk of declining population health?  Which species are those? Are there plans to complete 
any habitat improvements within the project areas, or upstream or downstream from the project 

areas, to compensate for the damage done by these projects? 

  

Endangered Species and Plant and Animal Population Health: 

  

Potential and likely impacts to Endangered Species in the immediate project areas, as well as 
upstream and downstream of the project(s), should be examined.  Also it should be taken into 
account that there will be many more species at risk soon in the project’s impact area, with the 
threats of climate change, drought, decreasing surface and ground water availability, increased fire 
severity, increasing habitat losses, species and ecosystem collapses, increased diseases due to 
stress, and future events that we cannot predict.  

  

The Gila National Forest is unique and important ecologically.  It’s broad biological diversity is due in 
part to being at a convergence of ecozones, a crossroads of plant and animal species that are from 
the north and the south.  This special place should be protected, not desecrated. 

  

Climate Change: 

  



Climate change needs to be taken into consideration, including it’s impacts on increasingly unreliable 
rain and snow totals and distribution extremes, river flow levels, ground water levels, devastating 
forest fires, increased stresses on plants and wildlife in coping with more severe weather patterns 
and less reliable water availability, and increased plant and animal diseases due to drought and food 
supply stress. 

  

Cultural Resources: 

  

Impacts to cultural resources – for all of the proposals – due to land disturbance and / or being 
submerged under water needs consideration. 

  

Ethical and Economic Concerns: 

  

How many landowners will benefit from each of these proposals?  Please calculate the cost per 
landowner for each of the proposals given your budgeted (but not disclosed to the public) amount 
for each proposal.  What is that cost per landowner?  Does the cost per landowner seem like a wise 
use of taxpayer dollars?  Honestly. 

Who other than a very small number of farmers will benefit from the completion of these 
proposals?  How does the mining company, Freeport Moran, stand to gain from the project?  In 
what ways will that corporation gain control over water rights for the water diverted in these three 
proposals (Gila, San Francisco, Virden)?  How much of the land area potentially benefiting from 
these proposals is owned by Freeport Moran?  At the meeting in Silver City I was told by a Scoping 
Meeting representative that Freeport Moran owns approximately 70% of the Gila / Cliff 
Valley.  Obviously they own the vast majority of the bottomlands in the Gila / Cliff Valley.  My 
concern is, in part, is this is a project that will largely benefit this large corporation?  

  

How many individual farmers stand to benefit from each of these 3 projects - above and beyond 
those farmers who are already served by adequate existing ditch water supplies?  Is this water that 
is really needed by farmers, or is it a handout to the construction companies that stand to profit, 

and / or Freeport Moran?  Is this strictly a water rights grab? 

  

Is anyone actually asking for this water, or is this what it appears to be: some sort of 
scam?  Because nothing about these three projects makes any sense to me.  The Gila is a small 
river.  The San Francisco is even smaller.  This year in in May the West Fork of the Gila went dry, it 
sub-surfaced out for about ½ mile or maybe a little more,  just below and within the Gila 
Wilderness.  The West Fork of the Gila River didn’t start running again until the monsoonal rains 
started in the last several weeks.  Little Creek, a tributary that flows into the main stem of the Gila 
River north of Gila Hot Springs, was also dry for about ¼ mile and then again further upstream for 
several hundred feet for about 6 weeks until the monsoonal rains began.  



  

The main stem of the Gila River would be considered a creek most the year in my home state of 
Washington. It’s not a very big river, and during the dry part of the year- which is the vast majority 
of the year – it’s flows are quite placid, and in all but the deepest pools the river is no more than calf 
deep.  I walk the river daily – I know the upstream portions of the River and it’s forks fairly well.  So 
what exactly are you hoping to accomplish?  Exterminate another river, riparian area and vast array 
of wildlife and plants?  For a trickle of a river flow? 

Will the existing ditch network be abandoned as a result of these proposals?  What will water pricing 
be once the projects are completed?  How much more expensive than the current existing ditch 
water will water from the diversions be for predicted users?  Will they be willing to pay those prices? 

How much of the water diverted do you estimate will be lost to seepage back into the soil and 
evapotranspiration?  What percentage of the water diverted will be lost between the point at which 
it’s piped or pumped out and where it reaches it’s intended agricultural customer?  

  

Habitat Enhancement and Compensation for Losses– If you are going to take, why not 
also give back to the Gila River, the watershed and the ecosystem as a whole – 
particularly within the Gila National Forest – the public commons? 

  

Given that there will be negative impacts to both flora and fauna, as well as to river flows and 
groundwater levels, what are you going to do to assist the humans, flora and fauna recuperate from 
their losses?  I am asking on behalf of landowners as well as the endangered, at-risk and not-at-all 

endangered flora and fauna species.  

What gives you the right to alter all of these lives, human or not, to benefit a few farmers and 
corporations?  What are you going to give back to the people and the ecosystem that will be 

negatively impacted by these proposals? 

Are you going to compensate landowners whose wells go dry, or whose land values decrease as a 
result of the projects?  Are you going to compensate the businesses that will be negatively impacted 
by the fact that the Gila and San Francisco Rivers will no longer be free flowing, but will instead 
have the black shadow of human greed hanging over the formerly free rivers? 

  

 Final Thoughts: 

  

I am very much opposed to this proposal.  This proposal is ill conceived, a threat to Gila and San 
Francisco River ecosystem health,  locally unpopular,  economically unsound and extremely likely to 
fail.  Why devastate two more largely free-flowing rivers?  While a few individuals and corporations 
may benefit, many, many more individuals – human, plant and wildlife – stand to lose.  

  



Can our culture do anything that is respectful of life on this planet? Do you really find it necessary to 
decimate yet another river and ecosystem in a desperate attempt to gain control, power and a 
bigger bank account for the few who stand to benefit?  Is anything sacred to you? 

  

Please think about our future generations.  Do something sane for once.  How about designating the 
Gila River as a Wild and Scenic River, and treating it and it’s exquisitely rich ecosystem with the 
respect that it deserves, instead of raping and pillaging yet another river in a binge of shortsighted 
greed for the benefit of the very few. 

  

Thanks for taking the time to consider my comments and concerns. 

  

Sincerely, 

  

Nan Laney, Gila Hot Springs, NM 

PO Box 2133, Silver City, NM 88062 

  

  



Scoping Comment Letter for the Proposed New Mexico Unit of the Central Arizona 

Project: a Water Diversion, Storage, Conveyance and Delivery System for Agricultural Use 

          July 19, 2018 

Dear Department of Reclamation, New Mexico Interstate Stream Commission and Cooperating Agencies, 

Thank you for taking my comments. 

First of all I found the information provided at the public scoping meeting to be vague and insufficiently detailed to 

have a clear understanding of the proposal.  The lack of disclosure of cost estimates was particularly troubling.  And 

the fact that the intended diversion structures were not disclosed leads me to wonder if the lack of information is 

deliberate and designed to make public input difficult, which is also concerning.   

Secondly, I do not appreciate the diffuse meeting style, with no information disseminated the audience as a whole, 

and no audience question and answer session that those attending could participate in and learn from.   Both the 

vagueness of the information and the choice of meeting style puts the public at a distinct disadvantage when trying 

to make informed and intelligent comments.   

My concerns fall under the following general areas:  upstream impacts, groundwater drawdown, diversion structure 

concerns, endangered species, plant and animal population health, climate change, cultural resources, ethical and 

economic concerns, and habitat enhancement. 

Upstream impacts:  

The EIS should examine not only downstream impacts, but also upstream impacts, including impacts to river flows 

(and *whether* the river flows, since at least one fork of the Gila River and one tributary creek, within and near the 

Gila Wilderness boundary, runs subsurface for parts of the year), and impacts to the population and physical health 

of upstream flora and fauna, whether they are currently protected under the Endangered Species Act or not.   

The EIS should take into consideration the fact that an increased number of flora and fauna – both downstream and 

upstream of the diversions - will be increasingly at risk with continued  and / or accelerating habitat loss, climate 

change, water and food stress , devastating large-scale fires, and other factors unforeseen within the Gila and San 

Francisco River watersheds, Gila National Forest, and the Gila and Aldo Leopold Wilderness Areas.   

Negative impacts to riparian vegetation should be considered, both upstream and downstream of the project area, 

including the potential for a reduction in riparian area width, diversity of plant species, and plant health in the West, 

Middle and East Forks of the Gila River upstream of the proposal – within the Gila National Forest and the Gila 

Wilderness area.  I do not know the San Francisco River well, but I am sure that it is deserving of a similar 

examination of negative impacts to the riparian area’s flora and fauna, both upstream and downstream of the 

proposal.   

The West Fork of the Gila (as well as Little Creek, a tributary to the main stem) within and near the Gila Wilderness 

boundary, are already running subsurface for portions of the year, and if further drawdown occurs as a result of this 

project’s completion, the risk of the West Fork (and other Gila River forks and tributaries) becoming a subsurface 

drainage for increased distances and lengths of time during the dry seasons is a serious concern.   

In summary, I am very concerned about decreased river flows and increased periods and distances of subsurface 

flows – particularly upstream of the proposals, within the Gila National Forest and Gila Wilderness Area, and to a 



lesser extent the Aldo Leopold Wilderness Area .  I am also very concerned about the proposal increasingly stressing 

riparian vegetation and wildlife, and compromising species health due to decreased river flows and water availability.    

The Gila and Aldo Leopold Wilderness Areas were once one contiguous vast wilderness (now split by US Forest 

Service Road #150), and this vast wilderness area was the first in the United States.  Why not care for this special 

place, rather than decimate it? 

Groundwater drawdown:   

Given that we are facing an increasing severity of droughts and extreme weather events due to climate change, with 

groundwater levels of concern even if this project were not to be completed,  what efforts are you making to assess 

current groundwater and surface water levels throughout the project area, as well as upstream and downstream 

ground and surface water levels?   Ongoing longitudinal studies of impacts to ground and surface water levels and 

flows are indicated and necessary, within the project area as well as upstream and down stream on the Gila and San 

Francisco Rivers - for the life of the project - to monitor and protect human, environmental and flora / fauna health 

and welfare. 

Diversion Structure Concerns:  Any river-dependent and / or aquatic species should be fully accommodated so that 

those species can feed, reproduce and migrate / move as they always have.  Will there be increased mortality of 

endangered species as a result of the diversion structures?  Do the diversion structures put any species at risk of 

declining population health?  Which species are those? Are there plans to complete any habitat improvements within 

the project areas, or upstream or downstream from the project areas, to compensate for the damage done by these 

projects? 

Endangered Species and Plant and Animal Population Health: 

Potential and likely impacts to Endangered Species in the immediate project areas, as well as upstream and 

downstream of the project(s), should be examined.  Also it should be taken into account that there will be many 

more species at risk soon in the project’s impact area, with the threats of climate change, drought, decreasing 

surface and ground water availability, increased fire severity, increasing habitat losses, species and ecosystem 

collapses, increased diseases due to stress, and future events that we cannot predict.   

The Gila National Forest is unique and important ecologically.  It’s broad biological diversity is due in part to being at 

a convergence of ecozones, a crossroads of plant and animal species that are from the north and the south.  This 

special place should be protected, not desecrated.  

Climate Change: 

Climate change needs to be taken into consideration, including it’s impacts on increasingly unreliable rain and snow 

totals and distribution extremes, river flow levels, ground water levels, devastating forest fires, increased stresses on 

plants and wildlife in coping with more severe weather patterns and less reliable water availability, and increased 

plant and animal diseases due to drought and food supply stress. 

Cultural Resources: 

Impacts to cultural resources – for all of the proposals – due to land disturbance and / or being submerged under 

water needs consideration. 

Ethical and Economic Questions: 



How many landowners will benefit from each of these proposals?  Please calculate the cost per landowner for each 

of the proposals given your budgeted (but not disclosed to the public) amount for each proposal.  What is that cost 

per landowner?  Does the cost per landowner seem like a wise use of taxpayer dollars?  Honestly. 

Who other than a very small number of farmers will benefit from the completion of these proposals?  How does the 

mining company, Freeport Moran, stand to gain from the project?  In what ways will that corporation gain control 

over water rights for the water diverted in these three proposals (Gila, San Francisco, Virden)?  How much of the land 

area potentially benefiting from these proposals is owned by Freeport Moran?  At the meeting in Silver City I was told 

by a Scoping Meeting representative that Freeport Moran owns approximately 70% of the Gila / Cliff Valley.  

Obviously they own the vast majority of the bottomlands in the Gila / Cliff Valley.  My concern is, in part, is this is a 

project that will largely benefit this large corporation?   

How many individual farmers stand to benefit from each of these 3 projects - above and beyond those farmers who 

are already served by adequate existing ditch water supplies?  Is this water that is really needed by farmers, or is it a 

handout to the construction companies that stand to profit, and / or Freeport Moran?  Is this strictly a water rights 

grab? 

Is anyone actually asking for this water, or is this what it appears to be: some sort of scam?  Because nothing about 

these three projects makes any sense to me.  The Gila is a small river.  The San Francisco is even smaller.  This year in 

in May the West Fork of the Gila went dry, it sub-surfaced out for about ½ mile or maybe a little more,  just below 

and within the Gila Wilderness.  The West Fork of the Gila River didn’t start running again until the monsoonal rains 

started in the last several weeks.  Little Creek, a tributary that flows into the main stem of the Gila River north of Gila 

Hot Springs, was also dry for about ¼ mile and then again further upstream for several hundred feet for about 6 

weeks until the monsoonal rains began.   

The main stem of the Gila River would be considered a creek most the year in my home state of Washington. It’s not 

a very big river, and during the dry part of the year- which is the vast majority of the year – it’s flows are quite placid, 

and in all but the deepest pools the river is no more than calf deep.  I walk the river daily – I know the upstream 

portions of the River and it’s forks fairly well.  So what exactly are you hoping to accomplish?  Exterminate another 

river, riparian area and vast array of wildlife and plants?  For a trickle of a river flow? 

Will the existing ditch network be abandoned as a result of these proposals?  What will water pricing be once the 

projects are completed?  How much more expensive than the current existing ditch water will water from the 

diversions be for predicted users?  Will they be willing to pay those prices? 

How much of the water diverted do you estimate will be lost to seepage back into the soil and evapotranspiration?  

What percentage of the water diverted will be lost between the point at which it’s piped or pumped out and where it 

reaches it’s intended agricultural customer?   

Habitat Enhancement and Compensation for Losses– If you are going to take, why not also give back to the Gila 

River, the watershed and the ecosystem as a whole – particularly within the Gila National Forest – the public 

commons? 

Given that there will be negative impacts to both flora and fauna, as well as to river flows and groundwater levels, 

what are you going to do to assist the humans, flora and fauna recuperate from their losses?  I am asking on behalf of 

landowners as well as the endangered, at-risk and not-at-all endangered flora and fauna species.   



What gives you the right to alter all of these lives, human or not, to benefit a few farmers and corporations?  What 

are you going to give back to the people and the ecosystem that will be negatively impacted by these proposals?  

Are you going to compensate landowners whose wells go dry, or whose land values decrease as a result of the 

projects?  Are you going to compensate the businesses that will be negatively impacted by the fact that the Gila and 

San Francisco Rivers will no longer be free flowing, but will instead have the black shadow of human greed hanging 

over the formerly free rivers? 

 Final Thoughts: 

I am very much opposed to this proposal.  This proposal is ill conceived, a threat to Gila and San Francisco River 

ecosystem health,  locally unpopular,  economically unsound and extremely likely to fail.  Why devastate two more 

largely free-flowing rivers?  While a few individuals and corporations may benefit, many, many more individuals – 

human, plant and wildlife – stand to lose.   

Can our culture do anything that is respectful of life on this planet? Do you really find it necessary to decimate yet 

another river and ecosystem in a desperate attempt to gain control, power and a bigger bank account for the few 

who stand to benefit?  Is anything sacred to you? 

Please think about our future generations.  Do something sane for once.  How about designating the Gila River as a 

Wild and Scenic River, and treating it and it’s exquisitely rich ecosystem with the respect that it deserves, instead of 

raping and pillaging yet another river in a binge of shortsighted greed for the benefit of the very few.  

Thanks for taking the time to consider my comments and concerns. 

Sincerely,  

Nan Laney, Gila Hot Springs, NM  

PO Box 2133, Silver City, NM 88062 

 

 



From: Stephen MacDonald <somacdonald@gilanet.com> 
Sent: Friday, July 20, 2018 8:15 AM 
To: NM Unit EIS 
Subject: NM Unit EIS 
Attachments: EIS COMMENTS.pdf 
 
My comments are attached. Copy also mailed. 
 
Stephen MacDonald 
 
Gila, NM 
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Stephen O. MacDonald 
PO Box 58, 321 Turkey Creek Road 

Gila, NM 88038 
somacdonald@gilanet.com 

 
18 July 2018 
 
TO: Phoenix Area Office, Bureau of Reclamation 
ATTN: NM Unit EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 
 
SUBJECT: NEPA EIS Public Comments—Cliff/Gila Valley 
 
Greetings: 
What follows is my response to the proposed diversion project of the Gila River in the 
Cliff/Gila Valley of New Mexico, where I and my wife have lived for over 30 years. Here we 
built our own home and raised a family. My wife is a retired RN and I a museum-based field 
mammologist. 
 
THE ECONOMIC COST: 

 This is one of my biggest issues with your proposed project in our valley. I calculate some 
$44 Million tax-payer dollars as the estimated cost of this project proposal. That comes out 
to nearly $1 Million in benefits to each of only 46 ditch-rights owners in the valley (source: 
NM Acequia Commission), among which is the multi-national, multi-billion dollar 
corporation, Freeport-McMoran, the holder of over 50% of these rights.  This figure, of 
course, does not factor in the millions of dollars already spent, let alone the costs of future 
maintenance and repair to keep it all going. 

 Contrast these 46 owners with the more than 50,000 other residents in the region who 
could benefit if such monies were instead spent on some of the numerous non-diversion 
projects that were also proposed early on in this process. 

 It’s my understanding that once completed, the cost to each ditch user would increase 
dramatically, raising the real issue of the water no longer being close to affordable to 
anyone here but Freeport. What happens if a ditch rights holder can’t pay (corporate buy-
out, perhaps)? 

 The ultimate killer of proposed dam projects in the past (Hooker, Connor) were the 
economics. More recently, federal dollars flowed in to channelize the river. This effort was 
eventually found detrimental to the river, resulting in several recent projects to remove 
them. In the early 1990s, numbers of people here in the valley worked closely, and 
successfully, with the U.S. Forest Service to remove livestock from along the river on public 
lands both above and below our valley. A more progressive rancher on private lands also 
helped in this regard.  For those new to this area, most of the lush growth of riparian and 
aquatic vegetation now present is a result of this community-based effort. What is now 
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being proposed is a major step backwards to this ongoing restoration process of returning 
health and functionality back to our river and its communities of life.    

 
DIVERTING THE RIVER: 

 It’s my understanding that this proposal will depend on a “permanent” concrete dam 
structure being built across the river to divert it into newly created concrete-lined ditches. 
Good luck with that! Such ideas make me remember the short-lived concrete bridge that 
was built across Bear Creek just south of Gila. Another is the HWY 211 bridge that washed 
away in a past “high water event.” Where this diversion is being proposed is at the 
constricted topography at the head of the valley above Mogollon Creek, a setting quite 
dissimilar to the long-standing concrete diversion for Bill Evans Lake below Riverside.  The 
point being, the more powerful forces of a flash-flooding river in this area will, sooner or 
later, I believe, take out such a structure with relative ease. 

 Over our years here we have witnessed longer and longer stretches of the already over-
allocated river becoming bone dry due to its diversion into irrigation ditches. This June, for 
example, almost 3 miles of the river, from just above Spar Canyon to almost Garcia Canyon, 
went totally dry or became a scattered series of isolated pools. This proposal, of diversion 
(now no longer restricted to peak flows!) combined with well pumping, seriously threatens 
to increase the dewatering of the river even more. Couple this with the projected decrease 
in overall precipitation and snow pack due to climate change and I see a major catastrophe 
in the making if this project were to be implemented!  

 
CONCRETE-LINED DITCHES 

 As bad as the current ditch system in our valley is to instream flow and overall river and 
biotic health, one saving grace is that the ditches are earthen and unlined, which allows 
willows and other riparian vegetation to thrive along their course to serve as proxy habitat 
for numbers of riparian and aquatic species, some of which are listed as threatened or 
endangered (e.g., willow flycatchers, yellow-billed cuckoos). Lining the ditches with 
concrete as is currently being proposed would eliminate or at minimum seriously impact 
this proxy wildlife habitat. In addition, the loss of ditch-side trees and other vegetation is 
seen by a number angry land owners I’ve talked to as a degradation of their property and its 
value, as well as a fear of this project could implement eminent domain if they don’t go 
along with the plan. 

 
OFF-SITE IMPOUNDMENTS 

 I see the construction of off-site impoundments as both unwise and harmful. All look to be 
on private land, where there would be little if any control over the land owner’s livestock 
from turning the highly evaporative ponds and their surroundings into fecal-laden, rapidly 
eroding and pond-filling moonscapes.    

 We live in the shadow of such a structure, ostensibly built to protect the ditch system 
farther downslope, but seen by my wife and I as a real threat to our property as almost 
occurred several years ago when a huge rain cell quickly dumped almost 3 inches of water 
into its watershed and coming close to blowing out a major section of its earthen dam.  
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 If I understand correctly, it is some of these existing structures this project proposes to use 
as off-site impoundments, and that they would be paid for or maintained from the existing 
Gila Watershed tax base, a base currently in litigation for alleged tax payer fraud.  

 
SUPPLIMENTAL WELLS 

 Ostensibly added to the plan to supplement chronic low river flows, the drilling of 
supplemental wells in the bottomlands further threatens an already drying river by 
potentially compromising its undersurface aquifers and the numerous domestic wells in the 
valley that depend on our currently stable water tables.   

 A question I’d like answered is what would happen to water quality of a depleting aquifer in 
regards to high concentrations of contaminates in some of the wells of this area (e.g., Duck 
Creek/Telephone Company area)? Would they move and mix? 

 
IN CONCLUSION: 
There is nothing like dropping $66,000,000 on a group of people to stir things up and cause a 
host of troubles and delusions.  Local dreams and schemes turn wants into needs, outside 
consultants see financial opportunities, salaries get paid, neighbor turns against neighbor. New 
Mexico’s last free flowing river and its rich communities of life once again get threatened. 
 
By all measures this is a terrible idea with potentially disastrous results. For more than one 
person I’ve talked to here, the whole idea of diverting 14,000 hypothesize acre-feet of our 
river’s water boiled down to just one key point: “It’s OUR water, and I don’t want Arizona to get 
it.” For others its “free” money so let’s figure out a way to use it. At no time, however, did I 
hear anyone (including ISC) come up with a use of this (virtual) water that was in anyway 
realistic or affordable. I still haven’t. 
 
My plea to all you final “deciders” is to do the right thing here and let this go. We now live with 
a political world in chaos, overshadowed to the point of triviality by a much bigger elephant in 
the room, that being unprecedented climate change and long-term draught. Everyone needs to 
get real. Water is precious, and needs to be treated that way. Please look again at the many 
worthy community water projects that were previously proposed that better meet real needs 
into the future without building a costly and destructive Gila diversion requiring massive 
ongoing public subsidy to benefit the very few.  
 
I want a future where I can still walk down to a our river with my two granddaughters to watch 
them play in clean flowing waters, perhaps catch a fish or two for supper, but most importantly 
see them learning to love nature with the same intensity as Grandpa. 
 
Sincerely, 
 
 
Stephen O. MacDonald 
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Stephen 0. MacDonald 
PO Box 58, 321 Turkey Creek Road 

Gila, NM 88038 
somacdonald@gilanet. com 

TO: Phoenix Area Office, Bureau of Reclamation 

ATTN: NM Unit EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 

SUBJECT: NEPA EIS Public Comments-Cliff/Gila Valley 

Greetings: 
What follows is my response to the proposed diversion project of the Gila River in the 
Cliff/Gila Valley of New Mexico, where I and my wife have lived for over 30 years. Here we 
built our own home and raised a family. My wife is a retired RN and I a museum-based field 
mammologist. 

THE ECONOMIC COST: 
• This is one of my biggest issues with your proposed project in our valley. I calculate some 

$44 Million tax-payer dollars as the estimated cost of this project proposal. That comes out 
to nearly $1 Million in benefits to each of only 46 ditch-rights owners in the valley (source: 
NM Acequia Commission), among which is the multi-national, multi-billion dollar 
corporation, Freeport-McMoran, the holder of over 50% of these rights. This figure, of 
course, does not factor in the millions of dollars already spent, let alone the costs of future 
maintenance and repair to keep it all going. 

• Contrast these 46 owners with the more than 50,000 other residents in the region who 
could benefit if such monies were instead spent on some of the numerous non-diversion 
projects that were also proposed early on in this process. 

• It's my understanding that once completed, the cost to each ditch user would increase 
dramatically, raising the real issue of the water no longer being close to affordable to 
anyone here but Freeport. What happens if a ditch rights holder can't pay (corporate buy
out, perhaps)? 

• The ultimate killer of proposed dam projects in the past (Hooker, Connor) were the 
economics. More recently, federal dollars flowed in to channelize the river. This effort was 
eventually found detrimental to the river, resulting in several recent projects to remove 
them. In the early 1990s, numbers of people here in the valley worked closely, and 
successfully, with the U.S. Forest Service to remove livestock from along the rivN on public 
lands both above and below our valley. A more progressive rancher on private lands also 
helped in this regard. For those new to this area, most of the lush growth of riparian and 
aquatic vegetation now present is a result of this community-based effort. What is now 
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bei~gproposed is a major step backwards to this ongoing restoration process of returning 
heal,th and functionality back to our river and its communities of life. 

' DIVERTING THE RIVER: 

• lt'sr)ly~understanding that this proposal will depend on a "permanent" concrete dam 
structure being built across the river to divert it into newly created concrete-lined ditches. 
Gogd Juck with that! Such ideas make me remember the short-lived concrete bridge that 
was btJilt across Bear Creek just south of Gila. Another is the HWY 211 bridge that washed 
away in a past "high water event." Where this diversion is being proposed is at the 
constricted,topography at the head of the valley above Mogollon Creek, a setting quite 
dissimilar to the long-standing concrete diversion for Bill Evans Lake below Riverside. The 
point being, the more powerful forces of a flash-flooding river in this area will, sooner or 
later, I believe, take out such a structure with relative ease. 

• Over our years here we have witnessed longer and longer stretches of the already over
allocated river becoming bone dry due to its diversion into irrigation ditches. This June, for 
example, almost 3 miles of the river, from just above Spar Canyon to almost Garcia Canyon, 
went totally dry or became a scattered series of isolated pools. This proposal, of diversion 
(now no longer restricted to peak flows!) combined with well pumping, seriously threatens 
to increase the dewatering of the river even more. Couple this with the projected decrease 
in overall precipitation and snow pack due to climate change and I see a major catastrophe 
in the making if this project were to be implemented! 

CONCRETE-LINED DITCHES 

• As bad as the current ditch system in our valley is to instream flow and overall river and 
biotic health, one saving grace is that the ditches are earthen and unlined, which allows 
willows and other riparian vegetation to thrive along their course to serve as proxy habitat 
for numbers of riparian and aquatic species, some of which are listed as threatened or 
endangered (e.g., willow flycatchers, yellow-billed cuckoos). Lining the ditches with 
concrete as is currently being proposed would eliminate or at minimum seriously impact 
this proxy wildlife habitat. In addition, the loss of ditch-side trees and other vegetation is 
seen by a number angry land owners I've talked to as a degradation of their property and its 
value, as well as a fear of this project could implement eminent domain if they don't go 
along with the plan. 

OFF-SITE IMPOUNDMENTS 

• I see the construction of off-site impoundments as both unwise and harmful. All look to be 
on private land, where there would be little if any control over the land owner's livestock 
from turning the highly evaporative ponds and their surroundings into fecal-laden, rapidly 
eroding and pond-filling moonscapes. 

• We live in the shadow of such a structure, ostensibly built to protect the ditch system 
farther downslope, but seen by my wife and I as a real threat to our property as almost 
occurred several years ago when a huge rain cell quickly dumped almost 3 inches of water 
into its watershed and coming close to blowing out a major section of its earthen dam. 
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• If I understand correctly, it is some of these existing structures this project proposes to use 
as off-site impoundments, and that they would be paid for or maintained from the existing 
Gila Watershed tax base, a base currently in litigation for alleged tax payer fraud. 

SUPPLIMENTAL WELLS 

• Ostensibly added to the plan to supplement chronic low river flows, the drilling of 
supplemental wells in the bottom lands further threatens an already drying river by 
potentially compromising its undersurface aquifers and the numerous domestic wells in the 
valley that depend on our currently stable water tables. 

• A question I'd like answered is what would happen to water quality of a depleting aquifer in 
regards to high concentrations of contaminates in some of the wells of this area (e.g., Duck 
Creek/Telephone Company area)? Would they move and'mix? 

IN CONCLUSION: 
There is nothing like dropping $66,000,000 on a group of people to stir things up and cause a 
host of troubles and delusions. Local dreams and schemes turn wants into needs, outside 
consultants see financial opportunities, salaries get paid, neighbor turns against neighbor. New 
Mexico's last free flowing river and its rich communities of life once again get threatened. 

By all measures this is a terrible idea with potentially disastrous results. For more than one 
person I've talked to here, the whole idea of diverting 14,000 hypothesize acre-feet of our 
river's water boiled down to just one key point: "It's OUR water, and I don't want Arizona to get 
it." For others its "free" money so let's figure out a way to use it. At no time, however, did I 
hear anyone (including ISC) come up with a use of this (virtual) water that was in anyway 
realistic or affordable. I still haven't. 

My plea to all you final"deciders" is to do the right thing here and let this go. We now live with 
a political world in chaos, overshadowed to the point of triviality by a much bigger elephant in 
the room, that being unprecedented climate change and long-term draught. Everyone needs to 
get real. Water is precious, and needs to be treated that way. Please look again at the many 
worthy community water projects that were previously. proposed that better meet real needs 
into the future without building a costly and destructive Gila diversion requiring massive 
ongoing public subsidy to benefit the very few. 

I want a future where I can still walk down to a our river with my two granddaughters to watch 
them play in clean flowing waters, perhaps catch a fish or two for supper, but most importantly 
see them learning to love nature with the same intensity as Grandpa. 
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From: carol morrison <carolmorr@gmail.com> 

Sent: Friday, July 20, 2018 9:18 PM 

To: NM Unit EIS 

Subject: NMUnit EIS 

 

My name is Carol Morrison and I am writing my concerns about the proposed project to divert water 
from the Gila and San Francisco rivers and to store and "deliver" to unknown entities who will pay for 
this water.  I've personally attended meetings, starting with (and growing old with) Craig Roepke of the 
Interstate Stream Commission (ISC) and then the NMCAP.  As you look at what is proposed, and address 
its impact on the environment, please consider my brief comments. 

 

NOTE:  In summary before I even begin to list specifics, we don't need this project that will do harm to 
the environment and help a precious few.  You need to look at other proposals for this $$ that do not do 
damage.  All the points below point to a NO BUILD, NO ACTION recommendation. 

Specifically,  

 

1) Why overbuild when you don't see enough money allocated for the initial "Phase I".? Solution:  no 
action.   

 

2)  Why risk extermination of endangered species when other existing proposals do no harm? 
Solution:  no action 

 

3)  Why approve something that there's not enough $$ to build in the first place? Solution:  no action 

 

4)  How can you guarantee a fair "take" when irrigators are diverting more than allowed now? 
Solution:  no action 

 

5)  Diversion dams are a traffic nuisance to those who value the rivers as recreation.  Actually, these 
people do no harm, and still bring economic advantages to the state. Solution:  no action 



 

6)  Any water diverted, conveyed, stored and delivered will be too darn expensive to use....who's 
standing up now and saying "I want that water"?  Solution:  no action 

 

7)  This project, IF it gives water through free infrastructure to the "chosen few" is unfair...even if the 
"chosen few" can afford to pay replacement/maintenance/delivery costs. 

Solution:  No action 

 

8)  Whatever happened to the 150 cfs min. flow requirements??? These were never in law or regulation, 
and every time Craig Roepke uttered that "fact" about 150 min. cfs,  I knew it didn't hold 
water.  Solution:  No action 

 

9)  Give me a break...14,000 acre feet per year.  Don't let the past 5 inch monsoon season so far fool 
you.  In the 18 years I have lived here, I have seen clearly a drying out of my own homestead land, a 
major reduction in afternoon rains, a general browning to the extent that I doubt my future as a Grant 
Co. resident.  Solution:  No action 

 

10)  At least Grant Co. has water, if used wisely, to support the County and keep the pipes open.  Don't 
be fooled that you will see a verdant Gila Valley growing food crops to feed local residents.  This project 
will possibly benefit a few folks with blinders who think that wrecking the environment, wasting public 
funds, endangering endangered species, pumping water to and fro and building big evaporative 
swimming pools is the way to go.  Solution:  No action 

 

11)  Look at the leadership.  I was in Albuquerque when Anthony Gutierrez brought a bond banker from 
Colorado who was going to make this a money maker....That's enough to stop you in your tracks. I've 
spent lots of my remaining life on this planet attending NMCAPE meeting.  Please shut it down now and 
forever.  Dam the diversions! 

 

Carol Morrison 

575 654-3348 

Grant County Resident for 18 years, 72 years of age 



Still Young Enough to Believe that you will make the right recommendations! 

 

 



From: Joyce Newman <keysjoyce@hotmail.com> 

Sent: Friday, July 20, 2018 4:21 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Comments from Joyce Newman, Silver City, NM; July 20, 2018 
 
 

 
 

Regarding the proposals for diversion of the Gila River, I have several strong concerns.   
  
The documentation I have seen does not adequately consider the potential effects of 
climate change.  Over the last twenty years, I have observed the trend of less snow 
pack each winter, resulting in times of only minimal flows in streams feeding the Gila 
River.   
 
 

We may be heading into an era of simply not enough river water being available, both to 
maintain the important riparian habitats of the Gila River area and justify any expensive 
diversion project.   
 
 

Also, the trend of less snow pack highlights many unknowns associated with aquifer 
recharge in the Gila River area.  Both municipal and private wells may be adversely 
affected by less snow pack, even without any proposed diversion.   
 
 

As a property owner in Silver City, I am concerned that the proposed diversion project 
focuses on a small number of agricultural users, ignoring the long-term needs of the 
population in the four-county area served directly and indirectly by the Gila River.  This 
could have substantial adverse economic consequences in the four-county area.   
 
 

I hope the EIS process seriously considers the non-diversion alternatives described in 
the Grant County Regional Water Plan and Deming Alternative Water Report.  In my 
mind, these are far preferable to any diversion alternative.   
 

Please acknowledge receipt of my comments.  Thank you.   

 



Phoenix Area Office - Bureau of Reclamation 
ATTN: NM Unit EIS 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Submitted electronically to NMUnitEIS@empsi.com and via US Mail to Phoe 
Bureau of Reclamation, A TIN: NM Unit EIS, 6150 West Thunderbird Road, 

RE: Bureau of Reclamation Environmental Impact Statement, New Mexico Unit of the Central 
Arizona Project; Catron, Grant, and Hidalgo Counties New Mexico. 

Dear Sir and/or Madame: 

I thank the Bureau of Reclamation for the opportunity to provide comments for the "Seeping for 
the draft Environmental Impact Statement (EIS) for the New Mexico Unit of the Central Arizona 
Project; Catron, Grant, and Hidalgo Counties, New Mexico. 

We submit the following comments in response to Bureau of Reclamation Notice of Intent to 
Prepare an Environmental Impact Statement, New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico, filed on 6-12-2018. I hope that they will be 
considered and ask that each of these comments be addressed, and that these comments and 
the Bureau of Reclamations response, be part of the public record. 

Sincerely, 

Todd and Therese North 
4766 Cottonwood Road 
Silver City, New Mexico 88061 
Email: =~~=-""=~=~ 
Telephone: 575-654-3385 
Comment Submitter: Todd North and Therese North 
Organization: None 

The following pages 1 thru 2 are comments provided in response to the Bureau of Reclamation. 
We submit the following comments in response to Bureau of Reclamation Notice of Intent to 
Prepare an Environmental Impact Statement, New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico, filed on 6-12-2018. 
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Comments~ 

Comment 1 a. A sensitivity analysis should be completed projecting possible outcomes for Gila 
River diversion water availability based on "Global Warming Impacts" to the 
precipitation levels, for the New Mexico Gila River Watershed. 

Comment 1 b: A sensitivity analysis should be completed to verify the financial viability of the 
New Mexico Unit of the Central Arizona Project; Catron, Grant, and Hidalgo 
Counties, New Mexico project cost vs. "the availability of diversion water based 
on the sensitivity analysis projecting possible outcomes for Gila River diversion 
water availability based on "Global Warming Impacts" to precipitation levels, for 
the New Mexico Gila River Watershed". 

Comment 1 c: What is the Gila River diversion water storage evaporation rate and mitigation 
plan? 

Comment1 d: What is the actual Gila River diversion water availability in acre feet after 
evaporation is calculated and deducted from the diversion total vs the financial 
viability of the New Mexico Unit of the Central Arizona Project; Catron, Grant, and 
Hidalgo Counties, New Mexico project? 

Comment 1 e. What is the impact to Gila River watershed hydrology and riparian areas in 
Arizona and New Mexico as a result of the Gila River Diversion via the New 
Mexico Unit of the Central Arizona Project; Catron, Grant, and Hidalgo Counties, 
New Mexico project? 
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Pease submit your comments using 
one of the methods below: 

Mail: 

Phoenix Area Office, 
Bureau ofReclamation 
(AT1N: NM Unit EIS) 

Organization (if applicable): ---"----";!......1.-----~r===:f:====F==.----i 

Email Address: --'-e_,d~~=4'-'-n-"""'"""-.=..::::;__....:...._-">L.~::........::;:9-9..:.=-.!........!-
6150 West Thunderbird Road 
Glendale, AZ 85306 

Online: www.NMUnitEIS.com 

street Address: p -0 ~ & X /3 fi 7-

~. tUl.-'i 
drl' eL/_ Uf>~ 
~ /c!J 

Before including your address, phone number, email address, or other personal identifYing information in your comment, you should be aware that 
your entire comment-including your personal identifYing information-may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifYing information from public review, we cannot guarantee that we will be able to do so. 

For more information, visit www.NMUnitEIS.com 
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Pease submit your comments using 
one of the methods below: 

Mail: 

Phoenix Area Office, 
Bureau ofReclamation 
(ATTN: NM Unit EIS) 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Online: www.NMUnitEIS.com 

Public Scoping Comment Card 
PLEASE PRINT 

Date:_......,, ~JLJ-'4--1-...I.fy~!..,_/ ..::...6'-..,~..,1-!.d--~D--L/__..!. ~~------
Name: J, Ed U)t{ r d A ro 1/-e- I I D 

Organization (if applicable): _..::~~-e.=.!...f-f..!.-"------------
Email Address: eclt< Cl r-Io d'8 o;). 3 (S> gt ln~t-1. f. ( 0 YV1 

StreetAddress: (J.o ,'3o:x )'38·-T

City/State/Zip: B C{<,q cvrJ./ t'{• llJ f(~ d- 3 

Comments: -I-..=..I!L..!tJ~----!~...=........J~()...!.Y"CI-=---1:...:.....:../-..lo~n!........l._....s=:=.=::::....';r.:..:~::...!/~j~~N__!....:o:._jfL__-r.:::-~__!,£...!::::...:::::....=....!:~~~ 
t()l?t?11 Ra~nc:-A ev-5; Fttrm.e tr~s d11& tll( £:? i-tJca__ 1-

,_/!Jil.IC (~ammwlllrh e<) Q r- e sl:,. N YY'9 4-o SurtJnJ e_ (jtJj=- 5t?m i --a rf J deStf.'-1- C!ltfn4'fe.. 

6/e, ~lutc:f: a.t'lpy=ci ·tc Li.>e>5·e m ~vt S4 da L If- UJ u h v fa &-V tLf1 o ra -h· I) n.... and J,e_ 
f}cuiJ/ed w1'fl /uu; e &~'1-5· ~J-f! Ja r-f4-'-e s~fovtLCJ e t!(j s·l-s an-l /ht-mf} ~~ IJ,rev~r., 

Before including your address, phone number, email address, or other personal identifYing information in your comment, you should be aware that 
your entire comment-including your personal identifYing information-may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifYing information from public review, we cannot guarantee that we will be able to do so. 

For more information, visit www.NMUnitEIS.com 

July 2018 



Pease submit your comments using 
one of the methods below: 

Mail: 

Phoenix Area Office, 
Bureau of Reclamation 
(ATTN: NM Unit EIS) 
6150 West Thunderbird Road 
Glendale, AZ 85306 

Email: NMUnitEIS({1)empsi .com 

Online: www.NMUnitEIS.com 

Public Scoping Comment Card 
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Before including your address, phone number, email address, or other personal identifying information in your comment, you should be aware that 
your entire comment-including your personal identifying information-may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifying information from public review, we cannot guarantee that we will be able to do so. 

For more information, visit www.NMUnitEIS.com 

July 2018 
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Before including your address, phone number, email address, or other personal identifYing information in your comment, you should be aware that 
your entire comment~including your personal identifYing information~may be made publicly available at any time. While you may ask us in your 
comment to withhold your personal identifYing information from public review, we cannot guarantee that we will be able to do so. 

For more information, visit www.NMUnitEIS.com 
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17 July 2018 

Phoenix Area Office 
Bureau of Reclamation (ATTN: NMUnit EIS) 
6150 West Thunderbird Road 
Glendale, AZ 85306 

To Whom It May Concern: 

As a resident and person with a water right in the Gila River Valley rt't1:;tHt:-------,_~ 
NM I am expressing my comments to you regarding the proposal under 
consideration although the proposal has some vague parts to it leaving it 
open to change. The later part of this is unacceptable to me. How can we 
comment intelligently when we don't know all that is being asked? My 
comments will be as I see the proposal at this point. I do ask to be able to 
comment again when you have all the facts of the proposal in place. 

First let me state that I mostly grew up in Las Cruces, NM near the Rio 
Grande River. One of my biggest concerns is having the Gila River as 
denuded and sterile as the Rio Grande has been. Now, after these many 
decades, both government and other public entities are trying 
to revegetate the Rio Grande at considerable expense. Is this what is 
going to happen to the Gila River? I pray not. It is so much cheaper to let 
the water flow with vegetation left in place. The riparian vegetation does 
help stop some of the transpiration rate which is finally being recognized 
by the removal of dams in some areas of the USA. Periodic flooding also 
helps regenerate trees and other vegetation along the riparian zones. 

The capture and holding of water does not necessarily guarantee or 
provide complete security of the provision of water. You have only to look 
as far at El Paso, TX to see the downstream users can and do get shorted 
on their allotment of water. One large concern here would be Roosevelt 
Lake in AZ. By law they are entitled to water. How will this be guaranteed. 

Speaking to the Cliff-Gila proposed action component in the Bureau of 
Reclamation Managing Water in the West, Issue 1, June 2018: 

You say you want to help agriculture by your stated need to. deliver water 
at times, locations, and in quantities that will improve agriculture Yet 
I believe ~orne of the ponc;l.areas you propose would cover possib!~ .. 
agriculture areas. This. doesn't hold true withyour stated need. A& ~tated 
above it doesn't .always,necessarily guarantee deliyery ina timely way .. 



The holding ponds would have a negative effect on a large amount of fairly 
lush habitat especially in the area near the village of Gila, NM. It would 
force some people to relocate their homes. Since many residents in this 
area are not wealthy, it would create an undue burden upon them. 

The preferred Aquifer Storage and Recharge area seems to be 
questionable as far as possible floods and wash out of the area 
considering the soil type (porous). With heavy rain fall over time the water 
from this area could break loose and cause a huge flood with immense 
damage to the gallery forest of cottonwoods, sycamores and other trees 
and vegetation along the flood plain as well as peoples homes. Due to 
the existence of many species of either endangered species or species of 
concern in this area and people's homes within the flood plain, I believe 
this is cause not to have the said storage area. The possibility of increased 
home owners insurance from flooding is yet another cause for concern. 

The possibility of lowering the water table in the valley is another 
possible expense to property owners in my opinion. 

Archaeological sites: There are numerous sites of ancient villages both 
above and within the Cliff/Gila Valley that will be affected by your proposal 
for water storage and ponds. These sites have intrinsic value. How are you 
going to deal with these? They are protected under the antiquities act I 
believe. 

Thank you for this opportunity to comment. 

Sincerely, 

Eleanor G. Wootten 
PO Box 190 
Gila, NM 88038 



Phoenix Area Office 
Bureau of Reclamation 
6150 West Thunderbird Road 
Glendale, AZ 85306 

ATTN: NM Unit EIS 

Re: Recreation 

Dear NM Unit EIS Scoping: 

Christopher L. Overlock 
1314 N. Louisiana St. 
Silver City, NM 88061 

christopller.overlock@gmail.com 
520-432-2114 

The Gila River and the San Francisco River provide wonderful recreation opportunities that are 
regularly enjoyed by many people. 

In evaluating the recreation component of the EIS, I request that team members spend some 
time on the rivers. Hike, wade, visit some nearby hot springs, etc. 

One recreational activity I enjoy is birding. These rivers are excellent riparian habitats for many 
bird species. If the proposed project will negatively impact any of them, I would want the EIS to 
clearly identify and quantify the impacts. 

There are also more intangible recreational benefits. For instance, people like to go down to the 
Riverside/Iron Bridge area along the Gila just to get away. Of course, if the river flow was 
reduced significantly, that would greatly limit people's recreation activity. 

There are seasonal birds which visit the riparian areas. Will there be sufficient habitat for them to 
continue migrating? What assurances can be given that there will be? 

A claim has been made that the diversion will actually increase wildlife along the rivers. Even if 
so, what are the trade-offs? Surely, this project cannot be considered wildlife-enhancing. What if 
one year there is more than enough water, and wildlife is in abundance; and the next year the 
rivers are extremely dry? Will wildlife that have become accustomed to artificial watering spots 
be even for vulnerable during drought? 



From: Todd North <losnortes5@gmail.com> 

Sent: Friday, July 20, 2018 2:30 PM 

To: NM Unit EIS 

Subject: NM Unit EIS Comments 

Attachments: NM Unit EIS Comments 072018.pdf 

 

Dear Sir and/or Madame:   

I thank the Bureau of Reclamation for the opportunity to provide comments for the “Scoping for 

the draft Environmental Impact Statement (EIS) for the New Mexico Unit of the Central Arizona 

Project; Catron, Grant, and Hidalgo Counties, New Mexico. 

We submit the following comments in response to Bureau of Reclamation Notice of Intent to 

Prepare an Environmental Impact Statement, New Mexico Unit of the Central Arizona Project; 

Catron, Grant, and Hidalgo Counties, New Mexico, filed on 6-12-2018. I hope that they will be 

considered and ask that each of these comments be addressed, and that these comments and 

the Bureau of Reclamations response, be part of the public record.  

  

Sincerely, 

  

  

Todd and Therese North 

4766 Cottonwood Road 

Silver City, New Mexico 88061 

Email: losnortes5@gmail.com 

Telephone: 575-654-3385 

Comment Submitter: Todd North and Therese North 

Organization: None 
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July 20, 2018  
  

Phoenix Area Office - Bureau of Reclamation 
ATTN: NM Unit EIS  
6150 West Thunderbird Road 
Glendale, AZ 85306 
 
Submitted electronically to NMUnitEIS@empsi.com and via US Mail to Phoenix Area Office - 
Bureau of Reclamation, ATTN: NM Unit EIS, 6150 West Thunderbird Road, Glendale, AZ 85306  RE: Bureau of Reclamation Environmental Impact Statement, New Mexico Unit of the Central 
Arizona Project; Catron, Grant, and Hidalgo Counties New Mexico. 
Dear Sir and/or Madame:   
I thank the Bureau of Reclamation for the opportunity to provide comments for the “Scoping for 
the draft Environmental Impact Statement (EIS) for the New Mexico Unit of the Central Arizona 
Project; Catron, Grant, and Hidalgo Counties, New Mexico. 
We submit the following comments in response to Bureau of Reclamation Notice of Intent to 
Prepare an Environmental Impact Statement, New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico, filed on 6-12-2018. I hope that they will be 
considered and ask that each of these comments be addressed, and that these comments and 
the Bureau of Reclamations response, be part of the public record.   
Sincerely, 
 
 
Todd and Therese North 
4766 Cottonwood Road 
Silver City, New Mexico 88061 
Email: losnortes5@gmail.com 
Telephone: 575-654-3385 
Comment Submitter: Todd North and Therese North 
Organization: None 
 
The following pages 1 thru 2 are comments provided in response to the Bureau of Reclamation. 
We submit the following comments in response to Bureau of Reclamation Notice of Intent to 
Prepare an Environmental Impact Statement, New Mexico Unit of the Central Arizona Project; 
Catron, Grant, and Hidalgo Counties, New Mexico, filed on 6-12-2018. 
 
 
 
 



 

Page 2  

Comments:  
Comment 1a. A sensitivity analysis should be completed projecting possible outcomes for Gila   

River diversion water availability based on “Global Warming Impacts” to the 
precipitation levels, for the New Mexico Gila River Watershed.  

 
Comment 1b: A sensitivity analysis should be completed to verify the financial viability of the 

New Mexico Unit of the Central Arizona Project; Catron, Grant, and Hidalgo 
Counties, New Mexico project cost vs. “the availability of diversion water based 
on the sensitivity analysis projecting possible outcomes for Gila River diversion 
water availability based on “Global Warming Impacts” to precipitation levels, for 
the New Mexico Gila River Watershed”. 

 
Comment 1c: What is the Gila River diversion water storage evaporation rate and mitigation 

plan? 
 
Comment1d: What is the actual Gila River diversion water availability in acre feet after 

evaporation is calculated and deducted from the diversion total vs the financial 
viability of the New Mexico Unit of the Central Arizona Project; Catron, Grant, and 
Hidalgo Counties, New Mexico project? 

 
Comment 1e. What is the impact to Gila River watershed hydrology and riparian areas in 

Arizona and New Mexico as a result of the Gila River Diversion via the New 
Mexico Unit of the Central Arizona Project; Catron, Grant, and Hidalgo Counties, 
New Mexico project? 



Phoenix Area Office 
Bureau of Reclamation 
6150 West Thunderbird Road 
Glendale, AZ 85306 

ATTN: NM Unit EIS 

Re: Measurement of storage ponds and aquifer recharge 

Dear NM Unit EIS Scoping: 

Christopher L. Overlock 
1314 N. Louisiana St. 

Silver City, NM 88061 
christopller.overlock@gmail.com 

520-432-2114 

There are a lot of variables in the proposed project that are unknownable. Basically, because the 
proposed project is itself undefined. That, in itself, is a glaring gap. 

One aspect of the project is to have storage ponds in the Gila River floodplain. I wish that the 
EIS would quantify how this will be reflected in amount of water that is diverted. 

In other words, will there be a reliable and accurate way to l'neasure the amount of water that is 
diverted to the storage ponds? How will evaporation be measured? How will the amount of 
water that recharges the aquifer be measured. How will soil types affect recharging. 

And, presumably, if the water diverted is accurately measured at the point of diversion, what 
guarantees are there that the limits to total acre feet will be adhered to? 

Will the project be able to accurately determine how much of the water recovered from well 
pumping is due to diversion? How will well water affect the the flow limits and the CUFA? 

If water is pumped from a well, but an accident happens and water is not directed to farmland as 
intended, will that accidental discharge count against CUFA? 

The lack of clarity in the proposed project is disheartening, and makes scoping comments 
difficult. 

Are you going tore-engineer the project proposal with more detail, and, if so, will you provide 
another opportunity for the public to comment? 



Phoenix Area Office 
Bureau of Reclamation 

6150 West Thunderbird Road 
Glendale, AZ 85306 

ATTN: NM Unit EIS 

Re: Alternative of not proceeding with the diversion 

Dear NM Unit EIS Scoping: 

chris to 

Like many people, I feel the diversion project for the Gila and San Francisco Rivers is 
ill-conceived and poorly defined. There is a built-in bias that works against the public making 
intelligent scoping comments. So many parts of the so-called diversion are simply missing, 
made-up, or not feasible. How can one make a valid comment when the NM Unit of of CAP 
doesn't even know itself what the final project will be? 

Engineering work is apparently continuing simultaneously with this EIS. As of now, many parts 
of the plan are not resolved. The public is entitled to a scoping process for a more complete 
proposal. 

I request much weight be given to the alternative of not proceeding with the project. 

This is an especially critical consideration with climate change being a reality. Any build-out of 
this project would have impacts for many years. How might climate change affect this project 
20,40, 60 years out? 

There are other strategies, including water conservation, that must be looked at. 

Thank you. 



From: Rachel New Mexico <npsnmconservation@gmail.com> 

Sent: Friday, July 20, 2018 11:35 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

Attachments: Gila Diversion scoping.pdf 

 

 



July 20, 2018 

Native Plant Society of New Mexico 
P. 0. Box 35388 

Albuquerque, NM 87176-5388 

Phoenix Area Office, Bureau of Reclamation {ATTN: NM Unit EIS) 
6150 West Thunderbird Road 
Glendale, Arizona 85306 

Dear Bureau of Reclamation and NM Interstate Stream Commission, 

This scoping comment was prepared in response to the Federal Register Notice 
of Intent, dated 6/12/18, to prepare an Environmental Impact Statement (EIS) 
for construction of the NM Unit of the Central Arizona Project. The comment is 
submitted on behalf of the Native Plant Society of NM, a non-profit with 
approximately 900 members in seven chapters located around the state and in 
El Paso, Texas, in consultation with the Gila Native Plant Society, a chapter of 
NPSNM. Our mission is to educate the public about native plants by promoting 
knowledge of plant identification, ecology, and uses; foster plant conservation 
and the preservation of natural habitats; support botanical research; and 
encourage the appropriate use of native plants to conserve water, land, and 
wildlife. 

The NM Unit is the infrastructure that would divert, store and convey water from 
the Gila River to downstream consumptive users. The Gila, the last free-flowing 
river in the southwest, originates in a Wilderness area. The river's high water 
quality and lush riparian habitat support a diversity of wildlife, including a 
number of listed Threatened and Endangered fish and wildlife species. It is hard 
to see how the severe impacts posed by this massive project to the ecosystem's 
hydrology, vegetation and wildlife could be mitigated. 

The 2014 Nature Conservancy document "Gila River Flow Needs Assessment" 
states that "Flow variability is the defining feature of the Gila River in the Cliff
Gila Valley-creating a multi-aged riparian forest, floodplain wetlands and an 
array of aquatic habitats that support rich bird diversity, provide habitat for 
numerous mammals, and support one of the few intact assemblages of native 
fish that still persists in the lower Colorado River Basin." Therefore, in addition to 
direct loss of riparian and wetland habitat under the proposed construction 
footprint, the NPSNM and Gila NPS urge the BOR and ISC to quantitatively 
analyze within the draft EIS the following potential impacts of hydrologic 
alteration: 



1. The potential that the disruption of high water flood events can alter 
seeding processes and in turn alter forest composition by causing: 

* Decrease in cottonwood/willow establishment. 

* Declines in overall canopy cover, age-class diversity, and individual tree 
vigor. 

2. The potential that the diversion of small to moderate flows will result in 
smaller and shorter period floodplain inundations thus negatively 
affecting: 

* Riparian tree species recruitment by reducing recruitment events and 
post-germination survival. 

* Riparian vegetative diversity in the Cliff-Gila Valley, by disrupting the 
interactions between surface water and groundwater. These riparian 
vegetation patterns are closely linked to diverse groundwater levels. 

* The health and vigor of sycamore trees by decreasing water availability. 

3. The potential loss in acreage and quality of wetlands from reduction of 
flow, that may also cause: 

* Reduction in cover of wetland species. Obligate wetland species, such as 
cattails (Typha latifolia) and spikerush (Eieocharis spp.), may be replaced 
by grasses and other non- wetland species that can tolerate drier 
conditions. 

* Loss of unique channel wetlands created by scouring during large floods. 
Channel wetlands occur in small discrete bands in off-stream secondary 
channels or in other depressions where the water table is very high and 
silt and sand have been deposited over time. 

4. The potential loss of floral biodiversity caused by concrete dam and water 
conveyance structures that: 

* Disrupt riparian microhabitats for unique annual and perennial 
herbaceous species. 

* Alter the existing earthen ditches that currently provide habitat for a 
mixed and diverse native plant community of deciduous over-story trees 
and understory shrubs. 

5. The potential increase in exotic and invasive species colonization caused 
by the drying of riparian soils and resulting in: 

* Replacement of obligate wetland species with drought resistance exotic 
grasses and sweetclover. 

* A competitive recruitment edge for more drought tolerant tree species 
such as the non-native and invasive Russian olive (Eiaeagnus angustifolia) 
and saltcedar (Tamarix chinensis). 



6. Potential for a cascading series of impacts on overall plant growth if 
stress due to water limitation occurs. 

The Proposed Action description in the Draft EIS must include a detailed water 
budget and a thorough cost-benefit analysis. We strongly urge the BOR and ISC 
to develop one or more additional Action Alternatives, which would use the 
federal funds available through the Arizona Water Settlements Act to benefit 
downstream users through water conservation and other potential actions short 
of diverting the Gila River. 

Thank you for the opportunity to participate in the scoping phase of NEPA 
analysis for this project. We look forward to future participation when a Draft 
EIS becomes available. 

Sincerely, 

~£~ervation Chair 
Native Plant Society of New Mexico 





From: Joan Robins <1robins@swcp.com> 

Sent: Friday, July 20, 2018 4:39 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Dear Bureau of Reclamation/NM Unit EIS, 

    I attended the scoping meeting in Albuquerque on July 2, 
2018 and found difficulty in dealing with the indecision on what 
is being planned and how it is defined.  I spoke with a 
representative about endangered species and we agreed that 
endangered and threatened species, among them fish, and 
riparian habitat would be affected by the proposed plan(s) 
whether 14,000 acre feet or less are diverted, stored or 
conveyed.  This is a deleterious effect.  Cultural resources 
should be further assessed. New Mexico Wilderness and 
Forestry should be involved if not already as they have much 
knowledge and mapping of these areas. 

    It appears that the primary beneficiaries are a small group of 
irrigators and a large mining company. The economic effects of 
these projects also should be evaluated for serving the most 
people. Who will particularly benefit? Do benefits exceed costs 
and by how much?  What are the costs of the project and of 
new water? Will water users pay for the water?  Can they 
afford it? Are they paying their fair share now? Will the project 
increase the river drying up in these times of climate 
change?  Who is going to pay for this? 



    Environmentally friendly alternatives need to be explored to 
protect endangered species and habitat.  Non-diversion 
alternatives need further exploration.  Instead of spending 
$100 million of AWSA money (and some project needing $1 
billion coming from where?), only $66 million of this money 
could be used to meet present and far into the  future needs of 
60,000 southwestern New Mexicans without diversion.  The 
costs of diversion requiring massive ongoing public subsidy to 
serve the few as well as the environmental damage may 
undermine this project's projected success. 

    Gila Conservation Coalition with many responsible, respected 
researchers should be consulted for the proposed EIS and their 
suggestions duly noted. 

    Sincerely, 

    Joan Robins, 1robins@swcp.com, 3565 Rio Grande NW, ABQ, 
NM 87107 

    7/20/18 

mailto:1robins@swcp.com


From: Monica Rude <desertwoman@gilanet.com> 

Sent: Friday, July 20, 2018 9:01 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

New Mexico Unit of the Central Arizona Project 

Environmental Impact Statement Scoping Comments for the Gila Diversion 

 

July 19, 2018 

I attempted to send this via your website but it would not send; therefore trying this method. 

I have a number of questions & concerns about the proposed actions in the Gila River 
Valley. 

My biggest concern is that our beautiful River valley would be ruined & no longer a 
place to go for the solace Nature offers. The Gila is why many of us live here. It is not 
something that can be quantified or measured. It is a gem, to be treasured & 
experienced, not commodified.  

There are few natural rivers left.The proposed project seems like a huge expense to 
benefit a few irrigators, plus whomever is really going to make the money, which has not 
yet been revealed. 

 

Here are some questions about a very sketchy plan. 

Impact of new water rights on adjudicated rights: I realize “new water rights” is not the 
term being used; however, there is no other term used. 

1000 acres identified as potential land to be irrigated; who owns this land & are they 
interested in irrigating it? If they did, how would this be arranged? How much would it 
cost? Would these rights be transferable? Would they only be able to use AWSA water? 
What if there wasn't any AWSA water available? Would owners of adjudicated rights be 
affected? 

 



Would the river below the diversion be “dewatered” as it is now at times of low flow? 
How would the riparian vegetation & critters be impacted? How extensive would this dry 
area be? 

How would the underground side channels be affected? What about the big cottonwood 
trees? 

 

Will kayaks, canoes be able to go over the diversion? How would local ecotourism be 
impacted? 

 

Nine conventional water production wells: what would be their impact on area 
residential wells? I have a shallow well & live near Garcia Canyon on Turkey Creek 
Road near an “alternate” well. Would my water supply be threatened? Who decides 
when these wells would be used & how much water is pumped? Where will the power 
come from? 

 

I have heard the maintenance of the Unit after construction could cost $600,000 
annually. Who will pay for this? 

 

Increasing the capacity of Fort West Ditch to 50 cfs: Does this mean wider & deeper? 
How will this impact landowners along the route? Will trees on private land be removed? 

 

Construction at the diversion site: How will trucks get there? What impact will the traffic 
have on existing roads? What is the duration of the construction phase? What will be 
the effect on fish & other animals in the river during construction & afterward? Won't the 
water be murky? Can fish get through the diversion structure? 

Why must the diversion extend onto the flood plain? Will this effect the big 
cottonwoods? What happens when there is a big flood? Backing up the river 3-4 feet – 
how far upstream will this extend? Will the Box Canyon campground be affected? 

 

The 48” pipe connecting the Gila Farm & Fort West Ditches: What impact will it have on 
animals accessing the river? Won't sediment collect in the pipe? 



 

What is the relationship between the GBIC proposed diversion improvements & the NM 
Unit? 

The GBIC plan is much less invasive,less complicated & would improve irrigation. 

 

Thank you. 

Sincerely, 

Monica Rude 

PO Box 263 Gila NM 88038 

 



From: susan selbin <sselbin@hotmail.com> 

Sent: Friday, July 20, 2018 6:50 PM 

To: NM Unit EIS 

Cc: susan selbin 

Subject: Comments Opposing the Gila Diversion Proposal 

 

 
As you must know, water is the major issue for the future of my state - New Mexico.  With 
climate change, drought will be an ongoing issue for New Mexico.  Therefore, we must do 
everything possible to protect our limited water.   
 
I would like to add my voice to the comments made by Susan Ostlie on July 20, 2018.  I oppose 
the Gila Diversion Proposal because: 

• Manipulating flows on the Gila, one of New Mexico’s last free flowing 
rivers, threatens our state’s climate resiliency, disrupts and displaces 
many of the 200 bird species that rely on the river’s multi-aged riparian 
forest, and misses an opportunity for water conservation alternatives 
that ensure a better water future for birds, wildlife, and people. 

• By disrupting the natural flow of the Gila, birds like the federally 
endangered Southwestern Willow Flycatcher and the federally 
threatened Yellow-billed Cuckoo are at risk. Birds thrive where native 
vegetation and perennial surface water are present. When water 
becomes scarce, the value of riparian habitats to birds is vastly 
reduced. Native cottonwood-willow forests, sustained by a high 
groundwater and dynamic flows in the riparian zone, die off and 
invasive salt cedar replaces it, leaving the landscape heavily disturbed 
and unable to provide habitat for wildlife. 

• Climate change is decreasing stream flows throughout the state, 
putting more pressure on what intact ecosystems are left. Declines in 
water supply, increases in temperature and aridity, and disruptions in 
phenology are projected across the Southwest. These climate-driven 
changes are likely to reduce flows and increase vulnerability of habitat 
for birds, endangered fish and amphibians. Now, more than ever, it is 
critical to protect and steward places like the Gila River because they 
act as a stronghold against climate change and therefore are 
invaluable to people and wildlife. 

• The NM Unit proposal could significantly impact threatened and 
endangered species and riparian habitat, will cost several times more 
than the AWSA construction subsidy provided, and will unfairly 
withhold NM Unit Fund dollars from community water projects that 



could meet the water needs of 60,000 people in southwest New 
Mexico. 

• Flowing out of America’s first Wilderness Area, the Gila River is home 
to seven threatened or endangered species and is proposed for long-
term protection under the Wild & Scenic Rivers Act. 

• The proposed action eliminates the ISC’s 150 cfs minimum flow, 
allowing the new diversion to dewater the river and extending the 
period of dewatering during ecologically critical times. 

• The diversions and infrastructure will harm critical habitat for seven 
threatened or endangered species, including the loach minnow and 
spikedace, southwestern willow flycatcher and yellow billed cuckoo, 
northern Mexican garter snake and narrow headed garter snake, and 
Chiricahua leopard frog. 

• Declining groundwater levels caused by the diversion and new 
groundwater pumping could threaten the health of the cottonwood-
sycamore-willow bosque, some of the last remaining intact riparian 
forest in the Lower Colorado River Basin. 

• The diversion dams will also limit recreation opportunities, like river 
running, and potentially impact irrigators. 

• Additionally, the proposed concrete dam across the entire floodplain 
and doubled ditch capacity are designed to take out a large amount of 
water, much more than needed for the small amount of storage 
contemplated in the proposed action; 

• Diverting the full 14,000 acre-feet per year under the AWSA is 
speculative. Irrigators are diverting 4 times more water than the full 
amount of their water rights. According to water studies, Southwest 
New Mexico groundwater supplies can meet municipal water needs far 
into the future. 

• The AWSA subsidy will not cover the full cost of the proposed action, 
leaving a gap of tens of millions of dollars for citizens to cover. 

• Project water is too expensive for farmers to buy. Current ditch fees in 
the Cliff-Gila Valley are approximately $20 per acre. Project water cost 
will run at least $1,500 per acre per year, calling into question the 
project economics and the ability of farmers to pay for the new AWSA 
water. 

• The proposed action will require spending all the available AWSA 
funds on approximately 200 irrigators and international mining giant 
Freeport-McMoRan for a small amount of new irrigation water. This is 
unfair to the rest of the 60,000 people of southwest New Mexico 
whose water systems need improvements. 

• The NM CAP Entity has stated in its past monthly meetings that it 
intends to use the interest from the corpus of the NM Unit Fund for its 
ongoing annual costs, providing AWSA water to irrigators for free, 
while more than $50 million in critical community water projects remain 
unfunded. This is neither fair nor economically feasible. 

I also join the Sierra Club in asking that the following questions be 
addressed.  



• What are the engineering details of the proposed action? What type of 
diversion will be constructed? 

• How much new AWSA water will be diverted, how much will be lost to 
evaporation and seepage and remain for beneficial use, when will it be 
diverted and consumed, and for whose use and where? 

• Will BOR and ISC allow the diversion to dewater the river, rather than 
decrease river drying as the ISC has claimed for years? 

• What is the cost of the proposed action? What is the cost of the new 
water? Are there any water users willing and able to pay for project 
water? 

• What is the net economic benefit of the NM Unit? Do its benefits 
exceed costs? By how much? 

• What are the environmental impacts of the proposed action and will 
the proposed action jeopardize the existence of the Gila River’s seven 
threatened and endangered species? What project features or 
mitigation requirements will be included to reduce impacts? 

I also advocate for the following conservation alternatives to this project:   

• The BOR must assess environmentally friendly diversion alternatives 
to the proposed action to ensure that threatened and endangered 
species and riparian habitat are not adversely impacted. 

• Water needs can be met cost-effectively by implementing non-
diversion alternatives. We can immediately spend the $66M from the 
AWSA on priority community water projects that will meet our needs 
far into the future without building a costly Gila diversion requiring 
massive ongoing public subsidy to benefit very few. 

Thank you.  

Susan Selbin 

2209 Via Granada Pl. NW 

Albuquerque, NM  87104 



From: Darr Shannon <darrshannon52@gmail.com> 

Sent: Friday, July 20, 2018 11:27 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Good day to all, 

 

Please accept this email as my comment regarding the NM CAP Entity's project. 

 

As the Vice Chairman of the Hidalgo Soil & Water Conservation District out of Lordsburg, New Mexico, I 
fully support with the most enthusiasm there is the NM CAP Entity's project. 

 

The water that can be salvaged due to this project is of ultimate importance to the future generations of 
Southwest New Mexico, and actually to the State of New Mexico. 

 

The Gila and San Francisco Rivers are NOT the last free flowing rivers around.  This is an absolute 
miscommunication regardless as to how hard anyone wants to push this thought upon the public. 

 

Thank you for the opportunity to comment. 

 

Most appreciative, 

 

 

Darr Shannon 

Vice Chairman 



Hidalgo Soil & Water Conservation District 

Lordsburg, New Mexico 

 



From: Darr Shannon <darrshannon52@gmail.com> 

Sent: Friday, July 20, 2018 11:23 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Good afternoon, 

 

Please accept this email as my comment regarding the NM CAP Entity's Project. 

 

As a citizen of Hidalgo County, and a Hidalgo County Commissioner (elected official), I want to support 
the Project of the New Mexico CAP Entity to the highest regard. 

 

Being able to salvage water from the Gila and San Francisco Rivers will benefit the future generations of 
our Southwest New Mexico.  Water is the most precious commodity and resource that any human being 
can have access to.  

 

The Gila and San Francisco Rivers are NOT the last free flowing rivers.  This is absolutely horrible 
misinformation. 

 

Thank you, 

 

Darr Shannon 

Hidalgo County 

Lordsburg, New Mexico 
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From: Sime Validzic <sime.validzic@gmail.com> 

Sent: Friday, July 20, 2018 5:01 AM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

Phoenix Area Office,  
BUREAU OF RECLAMATION 

6150 West Thunderbird Road,  
Glendale, AZ 85306  
UNITED STATES OF AMERICA 

  
e-mail: NMUnitEIS@empsi.com  
  
  
To whom it may concern: 
  
I am writing to state that diverting the Gila is bad for native animals and plants and the 
long-term water supply for the local people. 
  
The proposal will threaten the natural flow of the Gila and the flora and fauna that depend on it. 
  
The 2014 peer-reviewed Flow Needs Assessment published by The Nature Conservancy 
concluded that diversion of the types of flows allowed under the Consumptive Use and 
Forbearance Agreement (CUFA) would “have direct negative effects on many ecological 
processes.” 
  
There are seven threatened or endangered species of fish, amphibians, reptiles and birds that 
rely on this habitat. 
  
The Gila River and its tributaries are important habitat for two federally threatened snakes: 
narrow-headed gartersnakes (Thamnophis rufipunctatus) and northern Mexican 
gartersnakes (Thamnophis eques megalops). The riparian habitat needed by these two species 
is already scarce in the southwest and will be getting rarer with climate change-driven drought 
and wildfire. Already suffering from the negative impacts of harmful non-native species and 
grazing, these two snakes cannot afford to be deprived of any more water. 
  
Altered flow regimes would seriously affect the spawning success of the spikedace and loach 
minnow, and the proposed diversions could threaten movement of fish upstream, with potential 
loss of genetic diversity. 
  
Significant habitat, including critical habitat for endangered species, has developed along 
several of the unlined irrigation ditches, but the proposed actions emphasize increasing capacity 
and lining portions of these ditches. The potential impact of the proposed changes to the ditches 
should be thoroughly studied. 
  

mailto:NMUnitEIS@empsi.com


Expansion of the existing ditches could lead to significant loss of habitat alongside them, and 
access roads along the ditches would prevent the recovery of any damaged habitat and 
increase mortality for local wildlife by vehicle collisions. 
  
The proposed diversion structures are not adequately described. A comprehensive and 
accurate EIS cannot be done when there is no design for the Gila diversion and the location is 
not even identified. A concrete diversion across the Gila River flood plain could have very 
detrimental effects on the fish that depend on the river. The existing diversions already dewater 
the Gila River during portions of the year. Larger conveyances will lead to earlier and more far-
reaching dewatering. 
  
Pumping groundwater could have devastating unintended consequences. Adequate hydrologic 
and geological studies have not determined that aquifer storage and recharge is even feasible. 
The riparian area near the proposed wells depends on adequate levels of groundwater in order 
to support the cottonwood trees. Groundwater levels for wells on other farms could inadvertently 
be lowered. 
  
The proposal does not take into account the potential effects of climate change. A yield analysis 
has not been done that would confirm that water would be available for the proposed actions on 
the Gila or San Francisco Rivers. Stream flows are expected to decrease due to climate 
change. The Consumptive Use and Forbearance Agreement (CUFA) provides for most of the 
diversion to take place during historic snowmelt run-off, but snow melt is occurring earlier every 
year, and there could be years in the future with no snow pack. Increased evaporation could 
alter projections for storage reservoirs and aquifer recharge. 
  
There are other pressing needs for water besides agriculture. Section 212 (i) of the AWSA 
states that “the New Mexico Unit Fund shall be for the purpose of paying costs of the New 
Mexico Unit or other water utilization alternatives to meet water supply demands in the 
Southwest Water Planning Region of New Mexico.”  Therefore, agriculture should not be the 
only beneficiary of the funds. The number of irrigators that may benefit from the proposed action 
is, at most, a few hundred in the four-county region, which has a population of around 60,000. 
  
Other alternatives need to be considered. The identification and evaluation of alternative ways 
of meeting the purpose and need of the proposed action is the heart of the NEPA analysis. A 
no-action alternative, doing nothing, is required to be studied for the EIS, but there are also two 
solid alternatives that are cost-effective and would provide beneficial use of water in all of 
Southwestern New Mexico. 
  
The Deming Water Alternative Report prepared by Western Resource Advocates and Audubon 
New Mexico describes water conservation and efficiency improvements that are a better 
alternative than the proposed action or no action. The projects would be the cheapest, fastest 
and best water supply strategy to meet the needs of the largest municipality in the region. 
  
The Southwest Regional Water Plan of 2017 lists nine other water projects to address local 
water issues that are in need of additional funding. 
  
A cost-benefit analysis should include non-diversion alternatives such as the Grant County 
Regional Water Plan and the Deming Water Alternative Report. 
  
I have written to you even though I do not live in the United States of America because native 
animals and plants have an intrinsic value and I oppose the destruction of natural ecosystems 



due to the expansion of human activities. I lived in Australia from 1970 to 1992 but returned to 
my country of origin for these reasons and because I refuse to be part of a country that is the 
result of genocide against indigenous peoples. 
  
Thank you for considering these issues. 
  
Sincerely, 
  
Simon Validzic 

Froudeova 1 

10020 Novi Zagreb 

Croatia 

e-mail: sime.validzic@gmail.com   
Facebook: https://www.facebook.com/sime.validzic  
Mobile phone: 0011 385 91 5182229 

  

mailto:sime.validzic@gmail.com
https://www.facebook.com/sime.validzic


From: Gretchen VanAuken <agavemoonmusic@yahoo.com> 

Sent: Friday, July 20, 2018 8:48 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

Attachments: NM UnitEIS.docx 

 

Attached is my scoping comment regarding the NM Unit Proposal. 

Thank you. 

Gretchen Van Auken 

PO Box 152 

Gila NM 88038 



NM UnitEIS  
Public Scoping Comment  
July 12, 2018 
Gretchen Van Auken 
agavemoonmusic@yahoo.co 
PO Box 152  
Gila NM 88038 
 
I make the following comments during a time of drought. 
 
I own two shallow wells in the vicinity of a proposed AWSA 
Production Well. The proposed AWSA well I am referring to 
would be north of Hwy 211 maybe a half mile or less. It is very 
near Northrup Canyon, on the east side of the river, and west of 
Turkey Creek Rd.  
 
I am concerned this summer about the low level of the water 
table. The well where I live is a dug well partially cased with a 
culvert. Currently the well is 22 feet deep, and the water level 
is 19 ft. 8 inches, lower than I have seen it in 39 years. It is 
about 1 inch below the top of my submersible pump.  The 
water level generally has been at about 15 feet.  
 
My other well on a separate property was repaired last year. At 
the time the water level was at 37 feet, and the bottom of the 
well was 42 feet. The well has a 6-inch metal casing that had 
rusted and sloughed off, filling the well in until the pump was 
buried. I had the well cleaned out, adding 7 feet so it is now 49 
feet deep.  I am figuring that the water level there has probably 
dropped about 4 or 5 feet as well, and am glad that I have a 
pump protector if the well doesn’t recharge fast enough. I am 
hoping the aquifer will recharge. This summer has shown me 
how it might feel when a well goes dry, and it is not pleasant.   
 



I know that there are a number of other shallow wells in the 
area of this proposed AWSA Production Well.  
 
I have questions about the proposed AWSA irrigation pumps.  
Could they lower the water table and affect these shallow 
wells?  Do you plan to research how many wells in this valley 
are shallow and could be impacted? Will the residents in the 
valley be competing with AWSA irrigators for ground water 
during the driest times of the year?  
 
I am also wondering how the diversion of more water from the 
river will affect the water table. If there is less water flowing in 
the river, and if the ditches and ponds are sealed, will the 
aquifer recharge adequately?  
 
The diversion of a small portion of AWSA water has merit for 
farmers in this area, but the built in possibility that there could 
be another 10,000 acre feet per year moved later on is hard to 
accept, especially if it is done by pumping down the aquifer 
here in this valley. In my opinion, opening the door to the 
future pumping, diversion and transport of another 10,000 
acre feet of water per year from this river and aquifer is a risk 
to be seriously considered before committing to this proposal.  
 
None of us can be protected from the effects of drought, but the 
BOR can consider the effects of the current and future 
diversion plans on the aquifer, and consequently on residential 
wells. Hopefully some consideration will be given to the 
question of how much more water can realistically be drawn 
from the Gila River and its aquifer. If current conditions persist, 
the answer would be “very little.” For that matter, the AWSA 
water used here will have to be borrowed from Arizona, and 
then replaced by Colorado River water, which, if conditions 
persist, may not be available.   



 
 
The proposed NM Unit would bring changes to this valley, with 
impacts for everyone who lives here, especially since the 
components are spread across a large area. I have listed a few 
quality of life issues below for consideration.  
 

1. Based on the estimated square footage of pond liner, I 
calculated an approximate number of acres that would be 
under water for part of the year.  If I did it correctly, it 
looks like ponds would cover 280 acres. I was told by 
Anthony Guttierez that these ponds would only be used 
part of the year. Would the ponds, filled or emptied, be a 
source of more mosquitoes? Would there be a provision 
for mosquito control? In recent years there have been 
intense mosquito outbreaks several times each summer. I 
understand that disease-carrying mosquitoes, Aedes 
aegypti and Aedes albopictus, both live in this area. 
Although there have not been any reports of zika virus or 
chikungunya here yet, it will likely develop over time.  

2. Depending on what crops were planted with the AWSA 
water, I wonder if there would be a higher use of 
herbicides or pesticides locally. Right now, there is a fairly 
low level of chemicals being used here, which is an 
important feature to many of the residents here. Airborne 
poisons, or ones that could go into the water could change 
the quality of life people have become accustomed to. 

3. When the pumps are used, how long would they be 
running? Would it be day and night? There would be 
several pumps located up and down the valley, and the 
sound would affect many residents. The peaceful quiet 
environment here is important to many residents and the 
loss of it would be felt.  

  



  
4. How long would the construction of the NM Unit take? 

The quiet rural nature of this area would change during 
that time.  

 
I feel lucky that I have been able to live here during the last 39 
years. It is a wonderful community in a rare and outstanding 
environment. The agriculture here, revolving around ranching 
and pasture crops is a special part of this valley. Wildlife and 
bird species thrive here and have blessed the residents and 
drawn many visitors to this area. It seems that old timers and 
newcomers alike treasure this place and all of the natural 
beauty and diversity here. Changes to the quality of life in this 
valley should be considered and weighed as part of the NEPA 
process.    
 
Thank you.  
 
 
 
 
 
  
 
 



From: Les Warren <lesfwarren@gmail.com> 

Sent: Friday, July 20, 2018 6:04 PM 

To: NM Unit EIS 

Subject: Alternative Gila River Diversion Projects 

 

The Gila Conservation Coalition, and local stakeholders have submitted to the ISC more than a 

dozen alternate projects for meeting the future water supply needs of New Mexico’s four 

southwestern counties without the diversion.  They include irrigation efficiency improvements, 

water reuse and municipal conservation projects, which would cost far less than the diversion 

scheme and safeguard the health of the river.  These alternative diversion proposals should be 

considered and evaluated.  The Gila River is also home to seven threatened or 
endangered species and is proposed for long-term protection under the Wild & Scenic 
Rivers Act. 

 
 

Dr. L.F. Warren 

93012 

http://www.gilaconservation.org/


From: Vinnie Wright <vinnie.wright@cox.net> 
Sent: Friday, July 20, 2018 6:55 PM 
To: NM Unit EIS 
Subject: NM Unit EIS 
Attachments: Comments for NM Unit EIS Scoping process.pdf 
 
Dear NM Unit EIS Staff: 
 
Please find attached my comments and questions for the EIS scoping  for the proposed New Mexico Unit 
of the Central Arizona Project.  If you have questions feel free to contact me. Thank you! 
 
Lavinia Wright 
vinnie.wright@cox.et 
(602) 920-4442 
 



Date: July 20, 2018 

To:  U.S. Bureau of Reclamation, ATTN: NM Unit EIS 

 (via email to NMUnitEIS@empsi.com) 

From:   Lavinia A. Wright 

 (602) 920-4442 

 Email: Vinnie.wright@cox.net 

SUBJECT:  Comments for EIS Scoping process, New Mexico Unit of the Central Arizona Project 

Please accept these comments which I am submitting as a concerned Arizona citizen and enthusiastic 

visitor to southwestern New Mexico.  I attended the EIS scoping meeting in Chandler, Arizona, on July 6, 

2018.  In addition to my concerns for the environment, I have become acutely aware of the water supply 

issues in the Colorado River Basin, as I live in the City Phoenix and drink Central Arizona Project water 

every day.  Thank you for your consideration of the following comments and questions: 

ENVIRONMENTAL CONCERNS 

Diversion rates and river flows: 

The amounts and rates of diversion and from the Gila and San Francisco Rivers are currently 

undefined in the Proposed Action, except for the 350 cfs limitation in the Consumptive Use and 

Forbearance Agreement (CUFA). Other conditions of the CUFA are geared toward protection of 

downstream senior water right holders in Arizona.  Previously there was an assumption that 

diversions from the Gila River would be conditioned on a 150-cfs minimum flow or bypass, but that 

is reportedly no longer the case (Silver City Daily Press, October 31, 2017).  If the minimum bypass 

flows and volumes stated in the CUFA are the only constraints on diversions, how will fish and 

wildlife values be specifically protected, especially in the low-flow winter months?   

Regulation of pumping from recovery wells: 

The Proposed Action includes aquifer storage with recovery wells in the Cliff-Gila Valley.  How 

would ground water pumping via recovery wells be regulated to prevent overdraft relative to the 

amount diverted and stored, and to avoid impacting the river and riparian areas during low-flow 

periods?   

Diversion structures: 

What effects will the proposed diversion structures have on fish and wildlife in the two rivers and 

associated riparian areas?  Project descriptions indicate these will be high enough to raise the 

water level 3 or 4 feet. It seems this would potentially create a barrier to fish and wildlife 

movement, modify habitat structure, and inundate substantial areas.  What mitigation measures 

and/or alternatives are proposed? 



Lavinia Wright 
NM Unit EIS Scoping Comments 
Page 2 of 3 
 
 

WATER AVAILABILITY CONCERNS 

Central Arizona Project (CAP) water exchange:  

Under the Arizona water Settlement Act of 2004 (AWSA) and the CUFA, one acre-foot (AF) of CAP 

water would be delivered to certain downstream users in Arizona in exchange for each AF used in 

New Mexico.  The recipients of this CAP water would be the Gila River Indian Community (GRIC) 

and the San Carlos Irrigation and Drainage District (SCIDD), split 55% / 45% (per Bureau of 

Reclamation fact sheet, “Consumptive Use and Forbearance Agreement”, July 2018). As you know, 

CAP water is supplied in Arizona from the Colorado River system, which is already overallocated in 

relation to actual and projected flows.  

Currently Arizona is entering discussions on participating in the “Lower Basin Drought Contingency 

Plan” (LBDCP) along with six other western states that use Colorado River water.  The purpose of 

the LBDCP is to reduce the risk of Lake Mead (the major reservoir on the Colorado) being drawn 

down to levels that would require severe cuts in water deliveries, under Federal law.  The LBDCP 

would require incremental reductions in water deliveries to Arizona users, including those who 

receive water from the CAP (Arizona Water News, June 28, 2018).  In the event of a shortage or 

reduction on the Colorado River, the GRIC and the SCIDD would have first priority on the CAP for 

their exchanged water (per 2013 Report by the New Mexico Interstate Stream Commission…on the 

2004 Arizona Water Settlements Act).  Since those allocations would come first, the proposed 

diversions in New Mexico could ultimately hasten and/or worsen cuts to other CAP water users in 

Arizona under the LBDCP.  

In light of the above issues and urgent efforts to prevent further drawdown in Lake Mead, I do not 

believe it makes sense to encumber the CAP with priority deliveries of exchanged water for the 

ultimate benefit of New Mexico irrigators, to the potential detriment of Arizonans. 

San Carlos Reservoir: 

The CUFA requires that no water be diverted in New Mexico in any calendar year until the San 

Carlos Reservoir (SCR) has at least 30,000 AF of storage (subject to periodic re-evaluation).  The SCR 

has been below 300 AF for most of July 2018, and has had an extended period below 30,000 AF in 

the recent past, lasting several years.  How may projected future SCR levels affect the NM Unit’s 

ability to conduct diversions reliably in the future? 

Instream Flow Applications in Arizona:  

As of 2012, several applications had been filed with the Arizona Department of Water Resources 

(ADWR) for instream flows on the Gila and San Francisco Rivers in Arizona (Atlas of the Upper Gila 

River Watershed, U. of A. Water Resources Research Center, 2014).  Would the proposed NM Unit 

diversions affect the chances of those applications being approved by ADWR; and if so, in what 

way?  



Lavinia Wright 
NM Unit EIS Scoping Comments 
Page 3 of 3 
 
 

SOCIAL AND ECONOMIC CONCERNS 

 In addressing the net economic benefit of the project and alternatives, the EIS should compare 

the effect of the proposed NM Unit with potential public benefits from the $66 million in AWSA 

funds that are now available for alternative water improvement projects in southwestern New 

Mexico communities. (As I understand it, those funds will not be available to cities and other 

water providers if NM Unit goes forward.) 

 What entities would receive water from the NM Unit?  Would they pay for the water?  If not, 

how would that cost be covered? 

 What would be the costs that the State of New Mexico takes on pertaining to this project?  Is 

the State prepared to handle those?  How much debt is projected to be placed on New Mexico 

taxpayers as a result of the project? 

OTHER 

 The EIS should provide (or reference) a full explanation of the pertinent conditions of the CUFA.  

The 128-page CUFA document is available online, but only as a scanned (non-searchable) pdf 

that has no table of contents.  I found it difficult to locate information in the document. 

 

Again, thank you for your consideration of these comments! 



From: Diane Drobka <sunny1az@yahoo.com> 

Sent: Saturday, July 21, 2018 12:54 AM 

To: NM Unit EIS 

Subject: NM Unit EIS - Public Comments 

Attachments: GilaRiverDiversionPublicComments-DianeDrobka.docx 

 

Please see my attached comments. If included in any publications, 
please do not include my home address. Thank you. 

Diane Drobka 



        225 West 100 South 

        Pima, AZ  85543 

 

 

Phoenix Area Office 

Bureau of Reclamation 

ATTN: NM UNIT EIS 

6150 West Thunderbird Road 

Glendale, AZ 85306 

 

        July 20, 2018 

 

My time is limited so my comments will be short. The fact that our public meeting in Safford 

was just one week ago did not leave enough time to organize my thoughts and prepare these 

comments. 

 

• My first comment is the lack of adequate public outreach prior to the scoping meetings. As a 

former federal public affairs specialist, I have developed numerous mailing list and led many 

outreach efforts. This fell way short. First, I didn’t even know about it until someone in New 

Mexico sent me the information; he said that there was lots of media coverage there. When I 

contacted our local print and online newspapers, neither one had received a news release 

about the public meetings. So, I forwarded them what I had received but by that time it was 

already too late to get anything in our twice-weekly newspaper. I contacted the three 

members on our Graham County Board of Supervisors and none of them had received any 

notification. I wonder how much outreach which done to the newspapers in San Carlos and 

Globe to inform members of the San Carlos Apache Nation who would have serious 

concerns. This lack of sufficient outreach makes me feel like the project really does not want 

public input, or at least not from Arizona where I would expect the project to get negative 

reviews. Is the project be slanted in favor of New Mexico input? 

• We really don’t even have enough water in the river to begin with. As shown in the follow-

up article in the Eastern Arizona Courier, dead fish already line the shores of San Carlos 

Lake due to the low flows reaching that far downstream. I doubt that San Carlos is even 

getting their legal water allocation. The Gila River Needs Assessment needs to be fully 

incorporated into the environmental review and decision making.  

• Upstream from Safford, the Gila Box Riparian National Conservation Area (NCA) includes 

22 miles of the Gila River that supports habitat for numerous threatened and endangered 

species including many water-dependent plants and animals. This stretch of the Gila has been 

designated as federal protected Critical Habitat for several species. The proposal needs to be 

fully assess all potential impacts to these species. 

• Beyond T&E species, the proposal needs to evaluate impacts to all species. For instance, 

cottonwoods depend on flood flows for reproduction. Diverting during high-water events 

would impact this species. 

• Another of the values for which the Gila Box Riparian NCA is recreation and part of that is 

the ability to float the Gila. Much of the year this is already impossible. BLM rangers often 

must pull their boats down the river due to the low water. 



• I’ve heard varying accounts of what the project is anticipated to cost. From what I’ve seen so 

far, the costs of construction and maintenance far exceeds the benefits. And the benefits 

appear to be for a very small number of people compared to those downstream that are 

impacted. I do not want my taxpayer dollars being spent so frivolously. This leads to my next 

comment … 

• The entire project is so poorly defined that it is difficult to provide specific comments. It 

sounds like the project is continually morphing and there really isn’t a firm vision for the 

outcome, which makes it impossible to accurately assess. 

• I’ve also heard, though it may or may not be true, that New Mexico is looking at this project 

mainly to get the money associated with it so that they can hire contractors and provide 

employment opportunities. That is not a good reason to spend my tax dollars either. 

• If I had more time to read all the handouts that were given at the public meeting I would 

probably have more comments. 

• Given the inadequate public outreach, the short comment timeframe and the lack of a firm 

project plan, I strongly feel that there should be a second round of public meetings before the 

ones that will be scheduled for the Draft EIS. 

• I understand that this EIS is the first being completed using the current administration’s new 

push to complete project permitting at an accelerated rate with a Record of Decision being 

mandated by December 2019. This is a concern to me as I feel that it will be considered an 

accomplishment to approve the project quickly so that they can prove that environmental 

reviews can be done faster; I feel like the decision is being predetermined by this situation. 

This is another reason that another set of public meetings should be held prior to the 

completion of the Draft EIS, and much better outreach needs to be completed for those 

meetings. 

 

I signed in at the public meeting but please make sure that I am added to the mailing and/or 

email list for all future communications. Thank you. 

 

Diane Drobka 

Pima, Arizona 



From: James W Newton <jnewton@sfsu.edu> 
Sent: Saturday, July 21, 2018 4:21 PM 
To: NM Unit EIS 
Subject: NM Unit EIS - Comments on proposed Gila River Diversion 
 

To: US Bureau of Reclamation NMUnitEIS@empsi.com  
 
From: James W. Newton 
 
Below, please find my comments on the NM Unit proposed action for consideration as part of 
scoping under the National Environmental Policy Act. 
 
First, I want to express my regret that the information available on the NM Unit proposed 
action is limited, unclear, and lacking in specifics that citizens need to comment effectively. 
Nevertheless, here is a summary of some of my major concerns: 

➢ The magnitude of proposed work is immense, implying extensive transformation of the 
Gila River’s ecosystems. Regardless of economic justification, the proposal puts at risk a 
unique area that is cherished by citizens of this region and that draws visitors for its 
special character.  

➢ Fundamental premises of the proposed work have not been convincingly supported. For 
example, soil porosities and percolation characteristics along the anticipated routes of 
water transfer, in addition to evaporation, may well diminish water deliveries 
substantially, making per unit costs exorbitant. 

➢ The huge diversion structures needed to manage maximum anticipated flows (14,000 
acre feet annually) will impact the character of the river extensively, both upstream and 
downstream. Are the likely impacts fully understood, and are the proposed structures 
appropriate given the infrequency of rainfalls sufficient to generate such maximum 
flows? 

➢ Which users are envisioned as the primary beneficiaries of the proposed diversion, and 
what are the prospects that those users can pay the costs of the water? Will small 
farmers pay on a sliding scale, as unadjusted water costs increase by an order of 
magnitude? 

➢ Have likely impacts on threatened and endangered species been fully evaluated and 
documented? What plans are in place to mitigate such impacts? 

 
Thank you for taking my concerns into account. 
 
Sincerely, James W. Newton 
2291 Highway 61, San Lorenzo, NM 88041 
 
 
 
 

mailto:NMUnitEIS@empsi.com


From: willhite200 <willhite200@aol.com> 

Sent: Sunday, July 22, 2018 5:43 PM 

To: NM Unit EIS 

Subject: NM Unit EIS 

 

I am a resident of Grant County NM.  I would like to voice my opinion that the Gila River 
Diversion should be stopped.  The New Mexico Unit of the Central Arizona Project is continuing 
to waste taxpayers’ money on poor studies and high administrative expenses. 

I support the ideas presented in the Deming Water Alternative Report prepared by Western 
Resource Advocates and Audubon New Mexico and The Grant County Regional Water 
Plan.  There plan supplies water security for the majority of Grant County. 

Thank you for your attention in this matter. 

Mary Willhite 

PO Box 309 

Mimbres, NM  88049 

Willsale200@aol.com 

  



From: Vinnie Wright <vinnie.wright@cox.net> 
Sent: Sunday, July 22, 2018 8:27 PM 
To: NM Unit EIS 
Subject: NM Unit EIS - corrected comments 
Attachments: CORRECTED Comments for EIS Scoping process.pdf 
 
Dear NM Unit EIS Staff: 
 
Following up from below: the comments I submitted last Friday contained several typos which have 
been corrected in the attached.  If possible please use this one for the official record of the EIS scoping 
process.  Thank you! 
 
Lavinia Wright 
 

From: Vinnie Wright [mailto:vinnie.wright@cox.net]  

Sent: Friday, July 20, 2018 5:55 PM 

To: 'NMUnitEIS@empsi.com' 
Subject: NM Unit EIS 

 
Dear NM Unit EIS Staff: 
 
Please find attached my comments and questions for the EIS scoping  for the proposed New Mexico Unit 
of the Central Arizona Project.  If you have questions feel free to contact me. Thank you! 
 
Lavinia Wright 
vinnie.wright@cox.et 
(602) 920-4442 
 



Date: July 20, 2018 

To:  U.S. Bureau of Reclamation, ATTN: NM Unit EIS 

 (via email to NMUnitEIS@empsi.com) 

From:   Lavinia A. Wright 

 (602) 920-4442 

 Email: Vinnie.wright@cox.net 

SUBJECT:  Comments for EIS Scoping process, New Mexico Unit of the Central Arizona Project 

Please accept these comments which I am submitting as a concerned Arizona citizen and enthusiastic 

visitor to southwestern New Mexico.  I attended the EIS scoping meeting in Chandler, Arizona, on July 6, 

2018.  In addition to my concerns for the environment, I have become acutely aware of the water supply 

issues in the Colorado River Basin, as I live in the City of Phoenix and drink Central Arizona Project water 

every day!  Thank you for your consideration of the following comments and questions: 

ENVIRONMENTAL CONCERNS 

Diversion rates and river flows: 

The amounts and rates of diversion from the Gila and San Francisco Rivers are currently undefined 

in the Proposed Action, except for the 350 cfs limitation in the Consumptive Use and Forbearance 

Agreement (CUFA). Other conditions of the CUFA are geared toward protection of downstream 

senior water right holders in Arizona.  Previously there was an assumption that diversions from the 

Gila River would be conditioned on a 150-cfs minimum flow or bypass, but that is reportedly no 

longer the case (Silver City Daily Press, October 31, 2017).  If the minimum bypass flows and 

volumes stated in the CUFA are the only constraints on diversions, how will fish and wildlife values 

be specifically protected, especially in the low-flow winter months?   

Regulation of pumping from recovery wells: 

The Proposed Action includes aquifer storage with recovery wells in the Cliff-Gila Valley.  How 

would ground water pumping via recovery wells be regulated to prevent overdraft relative to the 

amount diverted and stored, and to avoid impacting the river and riparian areas during low-flow 

periods?   

Diversion structures: 

What effects will the proposed diversion structures have on fish and wildlife in the two rivers and 

associated riparian areas?  Project descriptions indicate these will be high enough to raise the 

water level 3 or 4 feet. It seems this would potentially create a barrier to fish and wildlife 

movement, modify habitat structure, and inundate substantial areas.  What mitigation measures 

and/or alternatives are proposed? 



Lavinia Wright 
NM Unit EIS Scoping Comments 
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WATER AVAILABILITY CONCERNS 

Central Arizona Project (CAP) water exchange:  

Under the Arizona water Settlement Act of 2004 (AWSA) and the CUFA, one acre-foot (AF) of CAP 

water would be delivered to certain downstream users in Arizona in exchange for each AF used in 

New Mexico.  The recipients of this CAP water would be the Gila River Indian Community (GRIC) 

and the San Carlos Irrigation and Drainage District (SCIDD), split 55% / 45% (per Bureau of 

Reclamation fact sheet, “Consumptive Use and Forbearance Agreement”, July 2018). As you know, 

CAP water is supplied in Arizona from the Colorado River system, which is already overallocated in 

relation to actual and projected flows.  

Currently Arizona is entering discussions on participating in the “Lower Basin Drought Contingency 

Plan” (LBDCP) along with six other western states that use Colorado River water.  The purpose of 

the LBDCP is to reduce the risk of Lake Mead (the major reservoir on the Colorado) being drawn 

down to levels that would require severe cuts in water deliveries, under Federal law.  The LBDCP 

would require incremental reductions in water deliveries to Arizona users, including those who 

receive water from the CAP (Arizona Water News, June 28, 2018).  In the event of a shortage or 

reduction on the Colorado River, the GRIC and the SCIDD would have first priority on the CAP for 

their exchanged water (per 2013 Report by the New Mexico Interstate Stream Commission…on the 

2004 Arizona Water Settlements Act).  Since those allocations would come first, the proposed 

diversions in New Mexico could ultimately hasten and/or worsen cuts to other CAP water users in 

Arizona under the LBDCP.  

In light of the above issues and urgent efforts to prevent further drawdown in Lake Mead, I do not 

believe it makes sense to encumber the CAP with priority deliveries of exchanged water for the 

ultimate benefit of New Mexico irrigators, to the potential detriment of Arizonans. 

San Carlos Reservoir: 

The CUFA requires that no water be diverted in New Mexico in any calendar year until the San 

Carlos Reservoir (SCR) has at least 30,000 AF of storage (subject to periodic re-evaluation).  The SCR 

has been below 300 AF for most of July 2018, and has had an extended period below 30,000 AF in 

the recent past, lasting several years.  How may projected future SCR levels affect the NM Unit’s 

ability to conduct diversions reliably in the future? 

Instream Flow Applications in Arizona:  

As of 2012, several applications had been filed with the Arizona Department of Water Resources 

(ADWR) for instream flows on the Gila and San Francisco Rivers in Arizona (Atlas of the Upper Gila 

River Watershed, U. of A. Water Resources Research Center, 2014).  Would the proposed NM Unit 

diversions affect the chances of those applications being approved by ADWR; and if so, in what 

way?  
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SOCIAL AND ECONOMIC CONCERNS 

 In addressing the net economic benefit of the project and alternatives, the EIS should compare 

the effect of the proposed NM Unit with potential public benefits from the $66 million in AWSA 

funds that are now available for alternative water improvement projects in southwestern New 

Mexico communities. (As I understand it, those funds will not be available to cities and other 

water providers if the NM Unit goes forward.) 

 What entities would receive water from the NM Unit?  Would they pay for the water?  If not, 

how would that cost be covered? 

 What would be the costs that the State of New Mexico takes on pertaining to this project?  Is 

the State prepared to handle those?  How much debt is projected to be placed on New Mexico 

taxpayers as a result of the project? 

OTHER 

 The EIS should provide (or reference) a full explanation of the pertinent conditions of the CUFA.  

The 128-page CUFA document is available online, but only as a scanned (non-searchable) pdf 

that has no table of contents.  I found it difficult to locate information in the document. 

 

Again, thank you for your consideration of these comments! 















We farm along the Gila River and irrigate with water from the river. In order to maintain pastures and 

crops it is essential to have an adequate and dependable supply of water, particularly during the middle 

of summer. At present it is not uncommon for water supplies to decline during the hottest time in 

summer—just when pastures/ crops need water the worst--, limiting the ability to irrigate them 

adequately. 

The ability to divert and store water during plentiful flows, for use during dry periods is extremely 

important and fits with the current concept being considered by the CAP Entity. We support the 

concept. 



Dam Diversion 
Formal Review: Scoping Meeting Comments 

Water is essential for life and therefore precious, beyond value. 

Ecosystem of the Gila River is fragile, manipulable, and essential for life. 

The purpose of the project proposed by NEPA does not recognize nor acknowledge either the priceless 

value of water nor the environment in its intention to construct a NM unit. 

In grasping at $55 M dollar opportunity, this diversion is a solution for a problem that doesn't exist. 

Dam building was a failure in our past, and will be a failure for this one. 

1. There is no real workable plan brought forward for the citizens to consider. The existing plan is 

a fuzzy "What if" that has no provable, workable dimensions and that will be experiments at best. 

2. The cost of the project does not recognize that Dams in the west are a fact of failed history, 

however they were considered as great achievements of human endeavor in the past. 

3. The years of human construction, the devastation of the existing ecosystem, and the loss of water 

through evaporation should be enough to condemn this project to the dust bin. 

4. Who will pick up the cost of completing and maintaining the project on this non-existent 

experiment. Expecting the citizens of this area will be willing to foot that bill, is really dreaming. 

5. Believe it or not, the climate of Southwest NM has already changed. The projections for the 

foreseeable future are continued drying of this desert area. 

DOES THIS SOUND LIKE A REASONABLE INVESTMENT? Absolutely Not. 

If we must invest in REALISTIC water projects to assist agriculture and community survival in the 21st 

century, for all our sakes listen to what the earth is telling this state. Large populations have 

successfully peopled this area for several thousands of years. They farmed, they hunted, they lived in 

the land as it was, and very successfully, leaving it a beautiful place for us to enjoy. We can do at least 

that well. GET OUT of your offices and spend time in the land you want to dramatically rearrange. 

Nature knows what it is doing, and ultimately, it wins. 

Some additional thoughts: 

Beavers originally built the dams that created this and other rivers that sustain us today. Their dams 

created whole ecosystems and spread life sustaining environments. Remember: NATURE WINS. 

Farmers and ranchers know how to build ditch systems and diversion projects that sustain their lands 

and support erosion control, but more can be done to assist them in that costly work. Towns here are 

supporting careful management of water. Communities need help in collaboration with each other. 
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############# Tim Everhard Retired tkeever1@gmail.c29808 N. 72n Ln Peoria AZ 85383 USA
pp g p p

necessity of the NMU?  My gut tells me is that the purpose is to use NM water is support 

############# Jacob Kruse Program SpecialisNew Mexico Depaj.kruse5590@gma 3214 Las Cruces New Mexico 88011 United States
y ,

############# Doug Jameson dljameson@aol.co6550 Alpine Dr Parker CO 80134 USA
g g ,

am opposed to any further effort in this matter.  While I reside in Colorado, I do still own land 

############# Ronald Parry Retired rjparry41@gmail.c32 Diamond A Dr. Silver City New Mexico 88061 USA
p g j p y

Project (CAP) Entity

############# Daniella Cressma ellacressman@gmP.O. Box 576 Ribera NM 87560 U.S.A.
g g

business long term: Rivers bring in a lot of profit for the outdoor recreation sector. Please 

############# Joan Earnshaw Retired joanearnshaw@g Box 573 Flora Vista NM 87415 USA
g p y y y y p

any amount of money promptly.  Greed has ruined much of the earth and buildings and 

############# Landon Young NM Unit EIS Mr. zopiloteyoung@g 1711 Callejon Em Santa Fe NM 87501 United States
g y pp p p

represent  a huge disruption of bird  and other animal life as well as a corrupution of one of 

############# Kristen Hestir GIS Manager hestirkl@gmail.co1279 Fountain Lo Las Cruces NM 88007
y ,

including flora, fauna, and the surrounding human communities.

############# Judith Mellow graygrammarian@ Santa Fe NM 87594 United States
p j g g y ,

of the word--into a rare and endangered region of natural beauty. Both the wildlife of the 

############# Jeannette Zipes retired jpzipes@gmail.co 6833 Augusta Hill Rio Rancho NM 87144 US Please do not destroy this habitat for our birds and animals and for us to enjoy this sight

############# Timothy Mckimmi Professor tim@nmsu.edu Santa Fe NM 87505
p p p p g

would be short sighted and very expensive. There are other ways to get water to folks 

############# Ekaterina Adams petrokat@hotmail 303 Richmond Dr Albuquerque NM 87106 840
, y pp

will result in the destruction of the habitat for hundreds of species, which would constitute an 

############# I. Engle Retired 1ieengle@gmail.c Village of TularosaNM 88352 United States
j y ( ) p p g

and San Francisco Rivers through a series of dams, pipelines, and storage structures 

############# Michael Lawler oeillist@gmail.com1324 Boatright Dr ALBUQUERQUE NM 87112 United States
y

degradation. Preserve it for us. That's your job, after all.

############# Cynthia Edney cedney@juno.comBox 716 Sandia Park NM 87047 US
p g , g ,

state's climate resiliency, disrupts and displaces many of the 200 bird species that rely on the 

############# Rosemary Lowe M.A., RN Ms. prairiedoglet@gm Santa Fe NM 87508 United States
p p p j

these fragile, endangered ecosystems, & local communities, especially now, with New 

############# Phil Garrett Self Employed Vis philmgarrett@gma3600 Cerrillos Roa Santa Fe New Mexico 87507 United States I am totally against damning or diverting in any way these endangered rivers.

############# Cynthia McNamar cynthia_mcnamarPO Box 25991 Albuquerque NM 87125 USA
g p p , g y

following:

############# Dean Jarosh Retired jaroshde@hotmai Silver City NM 88061 United States
g j

suggest that the funds which have been set aside for water associated projects be used for 

############# Debra Cameron stardlc@hotmail.c17 Tom Horn Ct. Edgewood New Mexico 87015 United States If we do not protect our world we can not protect humankind.

############# Thomas Talbot tntalbot56@gmail 210 Mesa vista RdP.O. Box 749 Anthony NM 88021 US
g, p g j y g y y

is a unique and very special area that because of the altitude changes, supports one of the 

############# Dawn Foster dawnfoster84@co21 Las Brisas Loo Placitas NM 87043 United States
y p

state.  Further, manipulating flows on the Gila, one of New Mexico’s last free flowing rivers, 

############# Yolanda Garcia Retired Public Info otherstuff@swcp. PO Box 1442 Peralta NM 87042 United States
g , pp

Rivers, which would be a financially and environmentally disastrous water diversion.

############# Nancy Wasser professor Dr mariangstrom@gm6200 Montano Pla ABQ NM 87120 United States

The Gila River is one of the last free-flowing rivers in New Mexico. There are seven 
endangered species who depend on it for habitat survival, among them the Southwestern 
Willow Flycatcher and the Yellow-Billed Cuckoo. About 200 bird species depend on this river 
that runs through our desert state. A better alternative is to support the Deming Water 
Alternative Report.

############# John R Thayer retired teacher ranchorelaxonm@POB 124 Buena Vista NM 87712 USA This is an unnecessary project that will affect one of the last free flowing rivers in our state.

############# Brita Sauer SANTA FE NM 87506 US

I am saddened to hear that the New Mexico Central Arizona Project Entity (NM CAPE) is 
proposing to divert the Gila and San Francisco Rivers through a series of dams, pipelines, 
and storage structures. This would negatively impacting birds, wildlife, and ignoring the 
needs of nearby communities. As someone who has spent precious time enjoying the Gila 
Wilderness, I urge to you find alternatives that would not destroy precious wildlife areas and 
communities that depend on their success.

############# Ellen Jones Veterinarian jones.livvy@gmai 1828 Virginia Driv Manhattan KS 66502 United States

I am strongly opposed to diverting more water from the Gila river and disrupting it by the 
creation of dams. I vacation to New Mexico yearly and have visiting the Gila river on many 
occasions. New Mexico's wildlife will be greatly impacted by these changes and are part of 
the charm of the state.

############# Julia Knight RN julialknight@gmai 511 Wellesley SE Albuquerque New Mexico 87106 United States Save the river!

############# Kirsten Lear Head of Vocal depMs learkirsten@gmai 2 Santa Fe NM 87505 United States

To whom it may concern,
Manipulating flows on the Gila, one of New Mexico’s last free flowing rivers, threatens our 
states climate resiliency, disrupts and displaces many of the 200 bird species that rely on the 
river’s multi-aged riparian forest, and misses an opportunity for water conservation 
alternatives that can ensure a better water future for birds, wildlife, and people.

The Gila River is home to seven threatened or endangered species and serves as critical 
refuge for priority birds like the Southwestern Willow Flycatcher and the Yellow- billed 
Cuckoo. No small deed in the arid west. Maintaining flow variability – a defining feature of the 
Gila River – and supporting Audubon New Mexico and Western Resource Advocates’ 
Deming Water Alternative Report is a better option.

My family believes where birds thrive, people prosper. This beautiful river is also the reason I 
go to Silver City every year!

############# Stephen Schmidt Mr ssdog@me.com 21 Calle Debra Santa Fe NM 87507 United States

As a New Mexican who is also a river runner, hiker and outdoor enthusiast, I am totally 
opposed to the damming, diverting, and otherwise attempts to destroy the Gila and San 
Francisco rivers, any any other of our precious rivers in NM.  These streams provide rare 
habitat, healthy water tables, recreation, beauty and so much more to not just New Mexicans 
but all citizens and visitors from around the world.  Proposed development is a waste of tax 
money and doesn't take into account the affects of reduced river flows due to global 
warming.  What little water that flows in our rivers needs to stay there to sustain the 
ecosystem.

############# Robert Southwick rsouthwick@aol.c 4022 Anderson Av Albuquerque New Mexico 87108

I find it sad that I am asked to comment on a project proposal that is so new that no one can 
answer the following questions.

 1.How much water will this project generate for use? Have you considered global warming 
and the extension for severe draught for years to come?

 2.Have you considered the effect of forest fires on rain and snow? Burned areas are lots 
warmer so you see less rain and snow.

 3.The forest fires also make the Gila and San Francisco much more likely to have major 
flash floods taking out diversion structures or burying them. 

 4.What are the costs per acer feet of useable water?
 5.Who will pay for this project and pay for maintaining this project?
 6.Shouldn’t the users be the payers?
 7.Have you established a minimum flow to be maintained in the rivers and what is required 

to maintain habitat?
 8.Have leakage and evaporation in holding ponds been adequately addressed?
 9.Who really benefits from this project?

It seems that the wide variation in the projects proposed through the years are an indications 
that there isn’t any really sound alternative and maybe nothing should be done until some 
factors such as global warming and  long term draught are considered. Also devastating 
flash floods need to be considered as far as the diversion projects maintenance.
It still isn’t clear to me how many people actual benefit from this and are they willing to foot 
the bill for this. 
I think a minimum flow must be kept in the river for wildlife and endangered species.

############# cynthia lynne postmaster USPS hugstrees4@gma16580 N. elkins ro tucson az 85739 usa

This area of southern AZ and NM I believe with climate change will be under continuous 
drought.  There is not enough water to make a diversion from this river.  Is this for 
CATTLE???  If so, the worst possible use of the water.  We will need this water in AZ, and 
also what about the wildlife?  Only one free flowing river left in AZ (San Pedro) and that is 
under threat.  We cannot continue growth and overuse of water.   My solution is to LEAVE 
this river flowing free.  I am against this proposal.

############# Maresa Pryor-Luz mpluzier@gmail.c55 Kiva Rd. Mimbres NM 88049 USA

As a new resident of New Mexico, the reason for moving here was the natural resources, 
and access to the outdoors.  It deeply concerns us of the Gila River being damned.  It would 
cause significant damage to the birding corridor, natural flow, and quality of the forest lands.  
Most of all these rivers are not flowing year round with the water needed to support such 
projects, and degrading our natural resources for other entities out side our beautiful state 
seems irresponsible since water is such a precious commodity.

############# Melinda Smith Co-chair, Legislat Sierra Club, Rio Gsmithm@igc.org 1835 Tierra Vida N Albuquerque New Mexico 87107-2862 US

The Gila diversion project should NOT go forward for the following reasons:

 1)INCOMPLETE PLANS. Its plans are incomplete. $15 million has already been spent on 
consultants and still the ISC and NMCAP entity have failed to identify a feasible project. The 
configuration proposed for the EIS is so new that the early engineering report of the 
diversion, conveyance, storage and delivery of project water does not exist. The business 
plan has not been made public. 

 2)NO FEASIBILITY REVIEW. It lacks a review of feasibility. New rules require the EIS to 
be completed in one year. The project remains vague. Questions such as the amount of 
water, who would use it, how much it would cost, and who would pay for it have not been 
answered. 

 3)FEW BENEFICIARIES. There are few beneficiaries, an estimated 200 by the Gila 
Conservation Coalition. Non-diversion water projects could benefit thousands more people, 
an estimated 60,000 by the Gila Conservation Commission. 

 4)EXHORBITANT COSTS MEASURED AGAINST BENEFITS. There are huge costs. It is 
not clear who would pay for matching costs in the future. With legislative approvals, $66 
million could be made available for much needed non-diversion projects. 

 5)CONSIDER CRITICAL NON-DIVERSION PROJECTS? There are urgent water projects 
in Southwest New Mexico benefiting 60,000 people that could be implemented in lieu of the 
diversion: 

 completion of Grant County Regional Water Supply Project; 
 implementation of local governments’ priority water supply infrastructure projects; 
 accurate mapping of the geographic distribution of recoverable good quality groundwater in 

Mimbres Basin aquifer system to safeguard Deming and Columbus areas’ municipal water 
supplies.

############# Thomas Dwyer retired USDA Forest Servtmdwyer52@gma PO Box 224 Silver City NM 88062-0224 US

i request the public comment period for scoping on the multi-faceted, complex Upper Gila 
Diversion projects be postponed until a Proposed Action is available to the public for review.  
There is no Proposed Action available to respond to.  There are a few maps, of poor scale 
and quality, the latest made available to the public only today!!.  The comment period started 
with the NOI on June 12th i believe?  How can you expect public comment on vague, totally 
inadequate information?  The public comment period should not be re-started until a 
Proposed Action is available, as law requires.



############# Patricia Hopwood Treasurer CENTRAL NEW Mplhopwood@gma 7522 Albuquerque NM 87113 United States

I am opposed to the The New Mexico Central Arizona Project Entity (NM CAPE) because it 
proposes to divert the Gila and San Francisco Rivers through a series of dams, pipelines, 
and storage structures negatively impacting birds, wildlife, and ignoring the needs of nearby 
communities. The Gila River is home to seven threatened or endangered species and serves 
as critical refuge for priority birds like the Southwestern Willow Flycatcher and the Yellow- 
billed Cuckoo. 

The technical report title 'An Affordable & Secure Future Water Supply for the City of 
Deming', prepared by Western Resource Advocates and Audubon New Mexico describes 
water conservation and efficiency improvements that would be the cheapest, fastest, and 
best water supply strategy to meet the needs of the largest municipality in the region.
This report should be considered for implementation over the NM CAPE as it serves the 
state and the community better while preserving the area(s) that support the endangered 
wildlife and bird species mentioned.
Thank you.

############# Shirley Pevarnik Teacher Ticcus@hotmail.c36 Eagle Nest Dr Silver City NM 88061 USA

(In 2004 Congress passed the Arizona Water Settlements Act (AWSA) that authorized 
diversion of the Gila River if New Mexico agreed to pay for Central Arizona Project water to 
replace what we take out of the river. $100 million (2004$) has been made available through 
the AWSA. $66 million of this is available to meet local water needs in southwest New 
Mexico without diverting the Gila River. A diversion project could cost hundreds of millions of 
dollars (construction, OM&R, and exchange costs) and yield little to no water due to low 
flows on the river and climate change, leaving New Mexican with the bill for a boon- doggle. 
Non-diversion alternatives are available to meet water needs in southwest New Mexico far 
into the future and can create jobs now. )

Most of the 66 million has been used for studies to support a large diversion dam. Those 
studies have show that a large dam is not feasible, so now the idea is to do a number of 
small diversion dams. These would at the most help around 200 ranchers and farmers. Most 
of these properties are owned by Freeport mining company, so actually very few people will 
be helped and the damage to the river and the endangered species would be irreversible. 

A few million dollars were given to local community projects at the beginning of this process, 
none has been given since. These projects, if fully funded, will help thousands of people in at 
least 3 counties in New Mexico have water security. 

It seems like the logical solution would be to fund our local community water projects and 
keep the only free flowing river in our state alive and available for fishing and tourism. 

Thank you,  please save our river,
Shirley Pevarnin

############# Anne Beckett annebeckett@yahPO Box 176 YOUNGSVILLE United States 87064 US

Dear Bureau of Reclamation,

I endorse the recently prepared report by Audubon New Mexico and Western Resource 
Advocate's entitled "Deming Water Alternative Report."  Frankly, the report is self-
explanatory and shows that there exists, without diverting the Gila River, ways that will cost-
effectively provide Deming with needed water.  Period.  No ecological damage of diverting 
the last free-flowing river in New Mexico.  No unnecessary evaporation of openly stored 
water.  No spending of vast sums of money by the citizens of New Mexico for a project 
unlikely, especially in the aridification of the Southwester, to deliver the desired water.  

It's as plain as day, we have to learn how to effectively live with what water we have; we 
need to remove inefficient, wasteful practices; we need to support and actually insist on 
methods of water use, be it municipalities or private citizens, that recognize water is our 
precious and limited resource needed by all.  We all have an obligation to do better - and the 
Deming Water Alternative Report shows us how to do better in SW New Mexico (and 
elsewhere.)

Lastly, I would ask that you ponder on the consequences of the decision to be made.  We all 
know that with an action, there is a reaction.  That reaction is often unanticipated, 
unavoidable, and frequently detrimental.  Do you really want to be responsible for setting 
such a reaction in motion?

I urge you to be guided by the Deming Water Alternative Report.  Let's get Deming and the 
surrounding area the water they need by doing a better job with what we already have, at a 
responsible cost, all the while preserving a wild and free-flowing river for all time.

Thank you for your consideration.

############# Jan McCreary retired Ms. mccrearyjan27@gPOB 3042 Silver City NM 88062 United States

We live about ten miles from the Gila River. As you all know, the Gila is the LAST free-
flowing river in all of the U.S. Southwest. It is a vital part of the wildlife and ecology in this part 
of the world, and any actions to dam it or otherwise desecrate it are unconscionable. 

To divert the Gila merely to grow more watermelons and alfalfa in Deming is short-sighted in 
the extreme. With climate change threatening the Southwest we may in fact simply need the 
Gila for drinking water for the people who live here in the future.

The Deming Water Alternative Report prepared by Western Resource Advocates and 
Audubon New Mexico describes water conservation and efficiency improvements that are a 
better alternative than the proposed action or no action. The projects would be the cheapest, 
fastest and best water supply strategy to meet the needs of the largest municipality in the 
region. 

The Grant County Regional Water Plan is a critical project for the region that would provide 
water security to the majority of residents in Grant County -- in Tyrone, Silver City, Arenas 
Valley, Santa Clara, Bayard, Hanover and Hurley. It has only received a small portion of its 
needed funding.

The Southwest Regional Water Planof 2017 lists nine other water projects to address local 
water issues that are in need of additional funding.

All of us who live in this part of the world appreciate the value of the Gila River on many 
levels and for many reasons. It is truly the heart of our country and we implore you to let it 
live.

Sincerely,
Jan McCreary

############# scott brame hydrogeologist sebrame@gmail.c207 Augusta Road Clemson SC 29631 USA

Dear Decision Makers,

I strongly object to the actions proposed for the Gila River diversion project (NM Unit).  This  
water diversion project has great potential to disrupt numerous ecosystems on a large scale 
and only has a small number of beneficiaries.  This is a classic case of "welfare irrigation" 
where federal money is used to benefit a few select entities at the expense of the human and 
natural environment.  I object to my federal tax dollars being used for this purpose.  It is 
unsustainable and short sighted.

Ecological Based Concerns

This project degrades the ecological integrity of the Gila River watershed which is home to 
seven threatened or endangered species and is proposed for long-term protection under the 
Wild & Scenic Rivers Act.  Of great concern is the plan to eliminate the ISC’s 150 cfs 
minimum flow which would allow the new diversion to dewater the river and extend the 
period of dewatering during ecologically critical times.   This provision is not acceptable.

Depressed water tables caused by the diversion and new groundwater pumping threaten the 
health of the cottonwood-sycamore-willow bosque ecosystems which are quickly 
disappearing in the Lower Colorado River Basin from similar misguided projects.

Fiscal Responsibility Concerns

The AWSA subsidy will not cover the full cost of the proposed action.  The implication is that 
more federal money will be needed or the citizens of new Mexico will pay the bills.  Proposing 
an action for which the money needed to finish the project has not been authorized is 
reckless and foolish.

The farmers who will benefit from this project cannot afford the water. Current ditch fees in 
the Cliff-Gila Valley are
approximately $20 per acre/yr. The water from this project cost will run at least $1,500 per 
acre/yr.  This is an unsustainable project for all involved: the government, the farmers, and 
the environment. 



############# Cindy Provencio Gila Latina CommUpper Gila Waterscrprovencio@gmaPO Box 465 Hurley New Mexico 88043 United States

An expensive permanent diversion that will only benefit a couple hundred of irrigators will not 
secure the water future of our four county area. We need to spend the funds from AWSA on 
improving our water infrastructure. 
Water needs can be met cost-effectively by implementing non-diversion alternatives. We can
immediately spend the $66M from the AWSA on priority community water projects that will 
meet our
needs far into the future without building a costly Gila diversion requiring massive ongoing 
public
subsidy to benefit very few. The municipalities in the mining district of Grant County are in 
great need of funding for improving our water infrastructure and deserve some of that 
funding.

Also, the diversion being proposed will likely destroy the ecology along the river. The Gila 
and San Francisco Rivers are important recreational areas for the local Hispanic Community. 
The areas along the river in the Gila National Forest is where many of our Hispanic families 
choose to vacation. Our Hispanic Community Stands to loose a lot if this costly and 
destructive diversion continues.

############# Pete Rankin Teacher Public Schools rankinpete@yaho 4774 Highway 15 PINOS ALTOS NM 88053 US

I am a 30 year resident of New Mexico (since I was 13 years old in 1987). I am a father, 
teacher, citizen, and taxpayer. As an educator, I routinely use the wild habitat along the Gila 
river -- on both private and public lands -- as a de facto outdoor classroom. In addition, every 
year, and for the past 30 years, I spend hundreds of dollars supporting wildlife habitat, public 
lands & waters and our public system of game management, through the purchasing of 
hunting & fishing licenses. Finally, as citizen, I pay property taxes in Grant County, as well as 
state & federal taxes.

Below in chronological order are the issues that, I believe, should be thoroughly studied as 
part of the scoping process.

1. You must study how the placement of a giant concrete wedge and concrete conduits in a 
free-flowing Gila River riparian habitat will affect the right of youth and future generations to 
have educational opportunities within intact, wild riverine ecosystems. As an educator, I take 
my classes to the Gila River in the immediate vicinity of the proposed giant concrete wedge 
diversion and along the unlined irrigation canals that feed hundreds of species of plants & 
animals. The extensive road systems, and large equipment noise / traffic required to build & 
maintain this diversion will irreparably damage these plant & animal communities. In short, 
since I take my classes to this part of the Gila River -- which is located immediately outside 
of the wilderness boundary -- for field learning experiences that rely on a healthy riparian 
habitat that is virtually unheard of outside of the Gila bioregion, these places represent an 
educational gem that could be expanded & enhanced to create hard-to-come-by job 
opportunities. As evidence for how essential a river in its current semi-free-flowing state is, 
consider that my local, public school conducts classes 7 times per academic year  on 
average, with the estimated annual  number of hours being 42 to 50 hours per year just on 
the portion of the river west of the Gila wilderness boundary. For some of these students, 
who are challenged by socio-economic hurdles beyond their control, these hours represent 
their only chance to experience this ecological gem. Students study river ecology, localized 
sustainable food production, and practice foraging among diverse wild plant communities for 
medicine and food.  Therefore, a first issue that I believe should be thoroughly studied is how 
a diversion project will further  intensify the ongoing  societal process of turning scientifically-
educated, ecologically-aware young people into an even more endangered and threatened 
species than they already are.

############# George Cassell ROBCASSELL@C32 Copper Ridge SILVER CITY NM 88061 US

Any funds left would be better spent on water conservation. Older cities like Silver City have 
many leaking pipes installed years ago. Old toilets abound that could be replaced. So many 
things. Even if you build some diversion you still have to buy the water to replace it. This is all 
just a huge waste of taxpayer money. Please redirect your efforts to conservation.Thank you.

############# Bruce Poster President Poster Enterprisesbruce.poster@gm4398 Laughing Cr Santa Fe New Mexico 87507 United States

As the person who prepared the population and economic forecasts for the past two SW 
Regional Water Plans (under contract with the ISC), I believe that the population projections 
used to justify the need for the diversion are overstated and should not be relied upon.  
Further, I believe it would be more cost effective to rely on conservation to reduce demand, 
rather than building a diversion, which will have significant adverse environmental 
consequences.  This proposed project is a wasteful and damaging political boondoggle.  A 
decision on the diversion should either be made in the negative; or the decision should be 
left to the next Governor and new members of the ISC.

############# Pamela Conway self employed, as 1960 pfmc50@gmail.coP O Box 433 Gila New Mexico 88038 United States

This is a horrible project that will ruin our way of life here in Gila. The impact will be HUGE for 
humans and wildlife. The money could be spent to hook up Hurley to a water line and 
improve the infrastructure we already have. There is rarely much water in the river as it is, to 
reach the goal, you would have to pump groundwater. That is totally unacceptable. This 
project gets worse everytime they change something. Money would be better spent 
elsewhere. Leave the Gila alone.

############# Jacqueline Cusickcitizen jacquecusick@gm 200 Silver City New Mexico 88061 United States

Since new changes were made to the reclamation plan as late as 3 days before the scoping 
meeting I was not able to study the changes, so, have many unanswered questions.  What 
surface diversions will actually replace existing ones?  Are they field tested and are they 
actually improved over existing ones?  Who maintains and bears cost of these changes?  
Will  
farmers get support for these? What are the new costs of over run costs of these changes 
and who will ultimately pay for costs? 
What if the deadline is not met?  Will S W New Mexico residents get a half baked effort for 
15 years of frustration?  How severely will the ecosystem of this river be impacted by the 
expected intrusion of building, digging, making roads to sites, etc?  How can towns and 
communities more efficiently utilize the $66 m fund to make their water systems compliment 
and collaborate with our farming communities and avoid the trap that "big Money"  solves our 
water issues and we bear no responsibility is participating in this problem of drought?

############# Marcia Stout N/A mccstout@gmail.c904 N. Santa Rita Silver City NM 88061 US

There are not a lot of specifics regarding a potential project and alternatives presented at this 
time.  This is true even after a substantial amount of previous planning time and funds used.  
So, my comments are also general.  
I am very concerned that proposed actions could adversely affect the ecologically important 
cottonwood, willow, and sycamore bosque / riparian forest.  I am equally concerned that 
prime habitat for threatened or endangered species, and other species would be adversely 
impacted.  I am concerned that water would be drawn out and alter the seasonal flooding 
which is important for species diversity of this key riparian corridor.  
It appears that very few water users would benefit from the proposed project relative to the 
public subsidized project costs.   It would be a responsible and more reasonable decision to 
instead select an alternative that targets community water projects that benefit far more of 
the population, in a non-impacting and much more cost- effective way by utilizing the $66 
million portion of the funds.  Alternatives that do not negatively impact riparian habitat and 
threatened or endangered species need to be included.  Thank you for considering my 
comments.

############# Karen Klett Retired karenraeklett@gm1802 Old Town R Albuquerque NM 87104 USA Do right by all and keep the Gila free.

############# Naima Shea Personal Caregive Naima4323hum@4 Baya Court Santa Fe NM 87508 USA

I have not personally had the opportunity as yet to visit the Gila, but certainly have heard a 
myriad of wonderful stories and praise for the river and area. So while I am not savvy about 
specifics, I know one thing: Wild rivers have been assaulted in my lifetime of 72 years much 
to the detriment of the entire country. It is true that water is life, and diverting and damming 
wild rivers is very harmful to the bird and animal species who have come to depend on it 
everywhere. Additionally, many years ago, I was involved in the early days of the South Yube 
River Citizens League in N. Ca., which was successful in attaining Wild & Scenic status for 
17 miles of the Yuba River. This river has a life it would never have had if yet another dam 
had been built. My point is that our ecosystems and the entire natural world are all stretched 
to the brink of dangerously "river of no return" edges. All life on earth is interdependent and 
we will fail as a species unless we uphold its integrity. It is my fervent appeal that you 
recognize and honor this web of life in a sacred manner by doing all in your power to protect 
and sustain these life giving waters as your deeply meaningful legacy as an agency. Thank 
you for considering my views.

############# Diana Rowell pyroskier459@ya 13667 N. Beeler R Florence AZ 85132-9246 US

After a decade of meetings and $15 million spent on planning, the NM CAP Entity is 
proposing a poorly defined project that harms birds and does not serve nearby communities. 
Western Resource Advocates and Audubon New Mexico describes water conservation and 
efficiency improvements that would be the cheapest, fastest, and best water supply strategy 
to meet the needs of the largest municipality in the region.

By disrupting the natural flow of the Gila, birds like the federally endangered Southwestern 
Willow Flycatcher and the federally threatened Yellow-billed Cuckoo are at risk. Birds thrive 
where native vegetation and perennial surface water are present. When water becomes 
scarce, the value of riparian habitats to birds is vastly reduced. Native cottonwood-willow 
forests, sustained by a high groundwater and dynamic flows in the riparian zone, die off and 
invasive salt cedar replaces it leaving the landscape heavily disturbed and unable to provide 
habitat for wildlife.

Climate change is decreasing stream flows throughout the state putting more pressure on 
what intact ecosystems are left. Declines in water supply, increases in temperature and 
aridity, and disruptions in phenology are projected across the Southwest. These climate-
driven changes are likely to reduce flows and increase vulnerability of habitat for birds. Now, 
more than ever, it is critical to protect and steward places like the Gila River because they 
act as a stronghold against climate change and therefore are invaluable to birds.



############# Carol Martin retired richard.martin101 56 T  -  T  Drive Silver City NM 88061 US

I propose NO ACTION for the Gila and San Fransisco Rivers diversion projects. Why? 
Because a small number of irrigators  growing low value livestock feed are instigating this 
project. There are 30,000 acre feet available for their use they only use 14,000 af leaving 
15,000ac unused. Why pay more than $50 million for an additional 14,000 af? If the irrigators 
want to upgrade their ditches there is Federal $ available from Dept. of AG to help. 
There are shovel ready community projects that would benefit the 60,000 people living in the 
4 counties of SW NM that would be funded by the $50 million.
The NEPA process has been shoved forward to beat the 2019 deadline. Yet there is not a 
definite project to do NEPA on. The project keeps changing.
This project is now, in the past and will be in the future an Economic waste of money. Good 
money is being thrown after Bad.
There is nothing I have seen in meetings and presentations that benefits the Natural 
Resources. Where are meters to be placed to monitor intake and output? The downstream 
users and senior water right holders need this information. How is the aquifer level to be 
managed? 
NO ACTION will be the best choice to protect the Natural Resources. The Endangered and 
Threatened Species will have their Critical Habitat in place for breeding, nesting and food 
sources. The Riparian Bosque  will remain wide and green and shade the water keeping the 
temperature cooler for Native Plant and Animal Species. 
NO ACTION will allow this fragile and rare desert ecosystem to remain intact. It has greater 
significance in the long run to leave the Gila and San Fransisco alone. There is great interest 
to promote the Gila and San Fransisco Rivers as Wild and Scenic Rivers this year. 
Legislation will be introduced. 
If this waste of money toward a diversion continues; I will make the point that the breeding 
cycle seasons of the Threatened and Endangered Species needs to be studied further to see 
how changing weather patterns has effected them. There can be NO Construction during 
breeding cycles and a Certified Biologist must be on site to monitor the variety of species. 
This is an additional cost that has not been included. 
Have All the Property Owners been notified of potential access roads, wells, storage ponds, 
pumping stations, piping, new ditches? Have they been made aware of noise and air and 
water quality implications during construction? Has the impacted property been purchased, 
leases signed in perpetuity regarding this New Mexico State and Federally funded project? 
Will imminent domain be used to acquire property?

############# Steve Waldvogel retired pfmc50@gmail.coP O Box 331 Gila NM 88038 USA

To whom it may concern:

As a 35 year resident / landowner of the Gila Valley, and as a senior water right owner for as 
long, I am opposed to this newest attempt to lower our water table and make taxpayers pay 
the huge bill.
Who is going to pay for my drilling when my well needs deepening? Not the government , 
that's for sure. When did a huge underfunded surface water project turn into ground water 
pumping? And for whom? Who benefits and who pays?
How can an environmental impact statement be written on a project that is this open ended 
and expandable? If 14,000 acre feet are removed by pumps, to only evaporate and leak from 
those stupid storage ponds; the irrigaters don't win, nor would the trees and wildlife. Ground 
water pumping has many other endless costs, such as electricity, maintenance, eventual 
pump replacement, as well as environmental costs.
The sediment load of a major flood on the Gila River is a whole other topic. After huge recent 
fires in the steep watershed above, even a normal size flood could bring down huge amounts 
of debris, filling or destroying a low dam across the entire river. Millions of dollars would 
again be wasted on this AWSA project.

And so I ask again, who pays and who benefits.

Something smells fishy here... and it ain't just the Gila River.

Steve Waldvogel

############# Janice Embree-Beretired j.embree-bever@ 27 Willow Flat Ro Silver City NM 88061 USA

It is impossible to ascertain the financial impact of the diversion plan - no financial impact 
information was provided at the meeting on July 9th in Silver City and with costs going up in 
the construction industry (costs are already going up since Tariffs have been imposed); 
whatever costs have previously been calculated are irrelevant. There are many low cost 
alternative plans for water improvement and water efficiencies and conservation, e.g., The 
Deming Water Alternative Report, The Grant County Regional Water Plan and the 
Southwest Regional Water Plan of 2017. The fact that the only beneficiaries of this 
enormously expensive plan are a few hundred agricultural families is just unacceptable.  
Since Section 212 (i) of the AWSA states that "the New Mexico Unit Fund shall be for the 
purpose of paying costs of the New Mexico Unit OR OTHER WATER UTILIZATION 
ALTERNATIVES TO MEET WATER SUPPLY DEMANDS in the Southwest Water Planning 
Region of New Mexico" this can be an opportunity to improve current "ditch" access and 
structure, as well as, funding alternatives in the 4 county region that would benefit all of the 
approximately 60,000 inhabitants. The water supply demands for all of Southwestern NM are 
well documented. For the amount of time and money already spent on this planning process, 
it is mind-boggling that specifics are in short supply. As a tax payor in Grant County NM, I am 
prepared to stand against a plan that is not benefitting the community and that may cost all of 
us and benefit only a few of us.

############# Fred Baca Retired League of United baca_fred@yahooP. O. Box 2376 SILVER CITY New Mexico 88062 United States

I am strongly in support of increasing the number of acreage of wilderness especially in the 
Gila National Forest.  Mining, logging, oil drilling and any other endeavor that helps to destroy 
not only the wilderness areas, but the forests as a whole is totally unacceptable, especially in 
the Gila Forest.  I would like to see closer monitoring of motor vehicles allowed in the forest 
and use of roads designated for that use.  Off road vehicles by some have caused damage 
to our forests.  I do not support river diversions especially the Gila River in New Mexico.  It 
needs to continue to be free flowing and remail undisturbed.  Leave our wilderness areas 
alone, but increase areas of wilderness where possible!

############# Rudy Padilla Skills trainer Dragon.eye@live 1324 Brownlee av Las Cruces NM 88005 USA

Please don’t divert the Gila river to create electricity! 
We find our river in perfect condition as it is and we are are drout stricken State ! We need to 
keep our lands as natural as possible ! Other States have ruined lands by creating damns ! 
Let’s show the world that we will not follow their mistakes. We are smarter than that !

############# Carlos Provencio Elder CHIHENE NDE Ncprovencio9@gm PO Box 1455 200 Mayo St Bayard New Mexico 88023 USA

I am completely disheartened by the plan to divert the Gila River.  With 15 million dollars 
spent on consultants and planning with no apparent solutions. It is ludicrous to continue with 
this atrocious plan.  If the the diversion is allowed seven endangered species will be 
threatened. As a Chiricahua Apache, we believe that the Gila River is the heart blood of our 
people, if it dies our people will die with it.
Carlos  Provencio Elder at
CHIHENE NDE NATION OF NEW MEXICO
http://www.chihenendenationofnewmexico.org

############# Jim and Jackie Bl jjblurton@outlook 32 Oakwood Ave. Silver City NM 88061 USA

During the NEPA process for the New Mexico Unit of the CAP which you are engaged in, we 
would like you to due diligence and research the following. 

 1.How much flow must remain in the Gila River to maintain the health of the riparian 
woodlands? If the water table drops due to water being removed by the diversion and the 
river isn’t allowed to flood the cottonwoods and other riparian vegetation that depends on 
annual flood waters of the Gila River will begin dying off and there will be a severe impact on 
the riparian area. There are very few healthy riparian areas of the quality of the Gila River left 
in the west.

 2.What will be the impact on the two important riparian and bird habitats below the Gila 
River diversions? The Gila River Bird Habitat in the Gila National Forest below the 
communities of Cliff and Gila, NM, and the Gila Box Riparian National Conservation Area in 
Arizona are dependent on and adapted to the cyclical flows of the Gila River. These locations 
are critical to bird migrations and nesting. Many bird species around our country are on the 
decline due to habitat loss. Removal of water by a diversion will mean increased probability 
of critical habitat for bird and fish species already on the endangered list.

 3.How will a diversion affect our tourism? We moved to Silver City in 1993 and owned and 
operated the Silver City KOA for 20 years. Many of our guests were birders and came to 
Silver City particularly to see the bird species, particularly the Common Black-hawk, they 
nest or migrate along the Gila River. The Gila River has been a real asset to our local 
economy. 

 4.How does the non-diversion project compare with the Gila River diversion? How many 
people will the non-diversion projects serve verses the number of people the Gila River 
diversion will serve? How cost -effective are non-diversion projects verses the Gila River 
diversion? Who will pay for over-run costs?

 5.The Gila River diversion requires that the New Mexico CAP entity purchase more 
expensive CAP water for the Gila River Indian Community for every acre foot removed from 
the Gila River. How is this cost effective? 

 6.The Gila River Indian Community should be specifically consulted and their desires and 
concerns be fully considered.
Sincerely, 
Jim and Jackie Blurton
32 Oakwood Ave
Silver City, NM 88061

############# Debbie Doss Arkansas Watertraddoss@conwayco5 Sycamore Drive Conway Arkansas 72032 US
Please do not divert the Gilla River. There are other alternatives. Preserving biological 
diversity is crucial.



############# Kristina Fisher Board President Albuquerque Wildabqwildlifefederat PO Albuquerque New Mexico 87154 United States

I am submitting these comments on behalf of the Albuquerque Wildlife Federation (AWF), an 
all-volunteer nonprofit organization founded by Aldo Leopold in 1914 and dedicated to the 
protection and enhancement of wildlife and habitat resources in New Mexico.

Many of AWF’s members fish, hunt, hike, camp, boat, bird, and observe wildlife in and 
around the Gila River. As one of the riparian ecosystems that make up less that 1% of New 
Mexico’s landscape, the wild Gila River supports outstanding examples of bosque forest, 
cold water fisheries and a rich abundance of wildlife. We are extremely concerned about the 
potential impacts of the proposed Gila diversion on critical habitat for threatened and 
endangered species, as well as impacts on recreational access and opportunities. 

We urge you to consider the following issues in your analysis of the proposed Gila River 
Diversion:

1) What are the engineering details of the proposed action, and what type(s) of diversion are 
planned? We have heard that it may consist of multiple concrete dams, 12 pumps and seven 
surface storage ponds throughout the previously wild Gila River watershed, but more details 
are needed to fully evaluate the impacts on the environment and recreational users.

2) What are the environmental impacts of the proposed action and will the proposed action 
jeopardize the existence of the Gila River’s seven threatened and endangered species? Are 
any specific project features or mitigation requirements being planned to reduce negative 
impacts on species?

3) Will the BOR and ISC allow the diversion to dewater the river, rather than decrease river 
drying as the ISC has claimed for years? If the project does dewater the Gila in stretches, 
what would be the environmental, recreation, and economic impacts of that action?

4) How much new Arizona Water Settlement Act (AWSA) water would be diverted, how 
much would be lost to evaporation and seepage and remain for beneficial use, when will it be 
diverted and consumed, and for whose use and where? What would this water cost, and 
would the intended recipients be able to afford it?

############# Dean Jarosh Retired Diesel GeN/A jaroshde@hotmai 1213 W 6th ST Silver City NM 88061 United States

I am writing about the "NM Unit EIS" and have issues with the proposed diversion on the Gila 
River. Our family has lived in the Silver City area for nearly 40 years now and we have 
enjoyed the Gila River and surrounding areas.
My concerns are both economic and environmental. 
Economically I see the diversion as a poor choice for the use of the funds set aside by the 
AWSA. I would much rather see the diversion project abandoned in favor of water 
conservation projects that will benefit the vast majority of the population of the four county 
area rather than a very small number of diversion beneficiaries.
Many communities in the four county area involved in this project would benefit from having 
their very old, deteriorating and leaking water infrastructure repaired and in some cases 
replaced. This in itself would conserve a large amount of water and it would be a long term 
benefit for most of the population. Water sheds and riparian areas need rehabilitation all over 
the four county area, again benefiting most of the population. The infrastructure and 
conservation projects will employ local contractors and laborers from the areas involved, 
keeping much of the funding in the four county area.
Environmentally I see a lot of benefit to forgoing the diversion and letting the water remain in 
the river itself, recharging the aquifer, supplying water to the riparian areas along the river 
and the excess water makes it's way to the San Carlos reservoir, at no cost.
Thank you for the opportunity to comment. Dean Jarosh

############# Brian Wheat Mr. brianwheat1974@ Caddo OK 74729 United States Do not destroy critical habitat.  Stop the destruction.

############# 87937
Diverting the Gila river would negatively impact our wildlife that deserve their habitat and 
should be highly considered while make the choice to divert the Gils

############# J Elliott Brooklyn NY 11218

The Gila River and its tributaries are important habitat for animals, including two federally 
threatened snakes: narrow-headed gartersnakes (Thamnophis rufipunctatus) and northern 
Mexican gartersnakes (Thamnophis eques megalops). The water is being used by plants 
and animals that will be severely impacted if it is diverted.  That is the issue -- the earth is 
already using the water.  These snakes in particular are already under threat from invasive 
species, ranching, and climate change. These two snakes can’t afford to lose any more 
water.

There are other pressing needs for water besides agriculture, and you must actively pursue 
alternatives to diversion.

############# William Lindenau Citizen bindivis@icloud.c HC 69 Box 101 Hillsboro NM 88042 USA

I hereby submit my concerns regarding the New Mexico Unit EIS also referred to as the Gila 
River Diversion.  1. That the whole of the fund would be used for the benefit of 50 irrigators is 
unfair and unbalanced.  In a region of 60,000 people There should be more equitable project 
funding.  2. Other alternatives need to be considered and included.  The Deming Water 
Alternative Report and the Grant County Regional Water Plan both describe plans which are 
less costly and provide water security for a larger population.  A Cost -benefit analysis should 
include these alternatives.  3. The proposed diversion structures are not adequately 
described.  Design and location are inadequate for an accurate EIS.  4. Existing diversions 
already dewater the Gila during portions of the year.  Further diversions and pumping as well 
as climate change with lack of snowpack (evident this year) May well make this project 
pointless and a waste of money.  Dewatering the Gila will certainly endanger species and 
habitat.  5. Agricultural costs and benefits are poorly defined.  Who are the land owners?  
Who are the potential customers?  What will be the cost of the water?  6. Finally, what is the 
value of one of the last scenic wild rivers to recreation in the region and to the spirit of the 
people?

############# Frank Merritt retired Western Institute franksilvercity@co4510 schiff trail Silver City NM 88061 US

I am very concerned about preserving the Gila River as a free river, without damning or 
diversions. Within the USA and the world at large, dams are being removed more than they 
are being built.  We should be glad the river is free at this point and work on conservation 
alternatives to the harmful diversion project.  The BOR must assess environmentally friendly 
diversion alternatives to the proposed action to ensure that threatened and endangered 
species and riparian habitat are not adversely impacted. For the following further reasons, I 
encourage that we pass on the poorly defined proposal before us.

1.      There are other pressing needs for water besides agriculture.

a.    Section 212 (i) of the AWSA states that “the New Mexico Unit Fund shall be for the 
purpose of paying costs of the New Mexico Unit or other water utilization alternatives to meet 
water supply demandsin the Southwest Water Planning Region of New Mexico.”  Therefore, 
agriculture should not be the only beneficiary of the funds. The number of irrigators that may 
benefit from the proposed action is, at most, a few hundred in the four-county region, which 
has a population of around 60,000.

2.       Other alternatives need to be considered.

a.     The identification and evaluation of alternative ways of meeting the purpose and need of 
the proposed action is the heart of the NEPA analysis. A no-action alternative, doing nothing, 
is required to be studied for the EIS, but there are also two solid alternatives that are cost-
effective and would provide beneficial use of water in all of Southwestern New Mexico.

b.    The Deming Water Alternative Reportprepared by Western Resource Advocates and 
Audubon New Mexico describes water conservation and efficiency improvements that are a 
better alternative than the proposed action or no action. The projects would be the cheapest, 
fastest and best water supply strategy to meet the needs of the largest municipality in the 
region. 

c.     The Grant County Regional Water Plan is a critical project for the region that would 
provide water security to the majority of residents in Grant County -- in Tyrone, Silver City, 
Arenas Valley, Santa Clara, Bayard, Hanover and Hurley. It has only received a small portion 

############# Kathy Cassell kacassell32@com32  Copper Ridge Silver City NM 88061 USA

This proposal has not been studied enough. There are no real identified users of the water or 
how to pay for the water. The money would be better spent for conservation. You could get 
more bang for the buck by fixing leaks in the infrastructure.  Providing new toilets for 
everyone would be cost-effective. This Proposal would seem to benefit only a very few 
people.



############# Jean Dewart 1954 jdewart@q.com 300 Manhattan Lo Los Alamos NM 87544 United States

I oppose the establishment of a water diversion project on the Gila River.

At this time, the NEPA process has not been implemented to evaluate the efficacy of the 
diversion project.  Specifically, the Grant County Water Plan has not been adequately funded 
to evaluate all aspects of water planning for Deming and other cities.  

In addition, providing water for additional agricultural development of southwestern New 
Mexico ignores the impact of climate change on the agricultural industry of New Mexico.  The 
current rise in temperatures will make much of southwestern New Mexico unavailable for 
agricultural activities, and we should recognize this now, rather than spending money on 
projects that will not be successful long term.

        TheDemingWaterAlternativeReport preparedbyWesternResource
         AdvocatesandAudubonNewMexicodescribeswaterconservationand

          efficiencyimprovementsthatareabetteralternativethantheproposed
            actionornoaction.Theprojectswouldbe thecheapest,fastestandbest
            watersupplystrategy tomeettheneedsofthelargestmunicipalityinthe

region.
c. 

              TheGrantCountyRegionalWaterPlanisacriticalprojectfortheregionthat
            wouldprovidewatersecuritytothemajorityofresidentsinGrantCounty--

           in Tyrone,SilverCity,ArenasValley,SantaClara,Bayard,HanoverandHurley.
        Ithasonlyreceived asmallportionofitsneeded funding.

            d. TheSouthwestRegionalWaterPlan of2017listsnineotherwaterprojectsto
          addresslocalwaterissuesthatareinneedofadditionalfunding

############# Sara Jayne Cole President Central New Mexibirdlajoya@gmail 6813 Arman Albuquerque NM 87120-1647 United States

The Gila River is home to seven threatened or endangered species and serves as critical 
refuge for priority birds like the Southwestern Willow Flycatcher and the Yellow- billed 
Cuckoo.Proposed water diversions from the river could be catastrophic to Important Bird 
Areas, the river’s health, and its uniqueness as the state’s (and one of the West’s) last great 
free-flowing rivers. A solution: Deming and Luna County can secure a sustainable water 
supply beyond 2060 by investing tens of millions of dollars of current AWSA funds in: 
1.Sustainable groundwater management of the Mimbres Basin aquifer
2. Water conservation and water leak detection and repair. 3. Water reuse  4.Transfer of 
existing city-owned agricultural water rights to municipal use (as planned by the city)

############# David Yetman Research social sThe Southwest Cedyetman@email.aP.O. Box 43006,T2309 East Third STucson, AZ 85719Arizona 85733 USA

Re: NMUnitEIS@empsi.com

To divert any additional water from the Gila River for any purpose is madness.  To divert it to 
serve Deming is ludicrous insanity.
The facts:  The Lower Basin of the Colorado River this year is running a deficit of roughly 5 
million acre-feet.  The allocation is 17.5 acre-feet and available water is 12.5 million acre-
feet.  Both Lake Mead and Lake Powell are at historic low levels.  New Mexico Reservoirs 
are equally low or worse.  A top Arizona water official has warned that all users--industrial, 
mining, municipal, and agriculture must be prepared for a 20% cut. No one knows how this 
will work.  As for the Gila, the best water conservation strategy for the upper and lower Gila 
is for all natural flows be encouraged as a means to increase recharge.  Any diversion 
whatsoever is preposterous.  Deming must indeed face the fact that it will have to cut back, 
not rely on a diversion from an already grossly over allocated Gila River and gut the free-
flowing river's environmental services.  Deming can get by, subject to the same cutbacks the 
rest of us will face.  The Gila, decreased flow and all, must continue in its historic course.

############# Steven Hromada PhD Student UNR Reno Nevada 89431 United States

Diversion of the Gila river for agricultural purposes would likely have severe negative 
consequences for biodiversity.  Riparian zones in arid landscapes are crucial habitat for 
many sensitive species, and reducing water flow through diversion is a major cause for 
habitat degradation. I have seen this first hand in many desert ecosystems of the west, and it 
would be a shame to see similar impacts on such a biodiversity hotspot. The impact on 
federally listed species (gartersnakes, avifauna) must continue to be a priority for water use. 
The retention of biodiversity will also drive ecotourism and recreational tourism to the area; if 
this plan goes through I personally would be much less likely to visit, and I'm sure others feel 
the same. Alternatives must be properly explored. Free-flowing rivers are a treasure, and 
should not be modified if possible.

############# Larry Langstaff retire public schooMesa Public Scholarrylangstaff1@g 416 W. McNair St Chandler AZ 85225 USA

Every time I drive over the CAP canal north or east of Mesa, I think "what a waste of water it 
is to send it across the state in an open-to-the-abundant-sun canal!"  Those who think that a 
new canal would not waste about 50% of the water through evaporation should think again!  
Rather than waste water like that, we should move toward adopting the traditional way of 
using water, like the Tohono O' Odam people did.  They used brush dams to divert seasonal 
rainfall into their gardens.
Diversion for watering crops is so wasteful when it has to be carried a long distance away 
from the original source.  The crops irrigated along the CAP canal should be grown closer to 
the source, like in the Colorado River valley!!

Just because someone in southwestern New Mexico wants to divert water from a river 
system or pump it out of the ground, does not mean they should!  Look at the dried up rivers 
in western Kansas, that used to flow year-round, the Arkansas and the Cimmaron.  Now all 
you see in those river valleys are the skeletons of the water starved cottonwoods.  Farmers 
pumping groundwater there have dropped the water table .   If you brought he bison back 
there, they wouldn't stay around long, because they would have no surface water to keep 
themselves alive!

############# martha everett owner abundance therapmartha@abundanpobox 2506 silver city nm 88062

I add my comment here, which includes an article from may 2018 from audubon NM. 
protecting and keeping the gila river free flowing is very important to myself, my community, 
the wildlife that thrives on the river and the natural beauty of a free flowing river that is 
unsurpassed. in one aspect of an economic sense, we have many avid and respectful 
birders that come to grant county, and spend their dollars here which support our small 
businesses. as a small business owner, i know the value of keeping lodgers tax dollars in our 
community. if the birds leave, why would they travel here to visit, not to mention the impact of 
these diverse species of birds leaving the area, to potentially die out from lack of habitat. 
please, there are other solutions if you take the time to feel what is best for all, rather than 
what benefits a small few....
thank you for taking into consideration my comments. 

Proposed water diversions from the river could be catastrophic to Important Bird Areas, the 
river’s health, and its uniqueness as the state’s (and one of the West’s) last great free-
flowing rivers. The solutions proposed in the report would help build resiliency to drought, 
safeguard birds, and protect the Gila River—a sacred and culturally irreplaceable natural 
landscape in our state.

“As the ancestral people of this land, we strongly believe that the water of this region should 
be conserved to protect the valuable tribal cultural resources that originated on these 
territories,” said Ft. Sill Apache (formerly known as the Chiricahua-Warm Springs Apache) 
Tribal Chairman Jeff Haozous. “The report’s solutions would allow our children and future 
generations the opportunity to understand and appreciate the bounty and beauty of their 
cultural heritage and aboriginal homelands.”

The report details proven, environmentally friendly water supply strategies that, if enacted, 
would help Deming meet its long-term water demands and would result in significant savings 
to Deming taxpayers.  

“To address the water challenges that face New Mexico, we must explore all available 
options― especially those which will stabilize sustainable surface and groundwater use,” 
said U.S. Senator Tom Udall (NM). “Given our limited resources, we must make sure we 
utilize the funding provided by the Arizona Water Settlements Act (AWSA) as wisely as 

############# susan gallaher retired civil engine 1953 quarrier@msn.com santa fe New Mexico 87501 United States

Leave the Gila alone!!! It is our last free flowing river and contributes to this unique habitat 
supporting birds, animals, plants, trees and soil. Messing with it would only result in dire 
environmental destruction.  it would be a huge waste of money. Leave it alone!!!!



############# Veronique De Jae veroshop@mac.c HC 69 Box 101 Hillsboro NM 88042 USA

I hereby submit my concerns regarding the New Mexico Unit EIS also referred to as the Gila 
River Diversion.  
1. That the whole of the fund would be used for the benefit of 50 irrigators is wasteful and 
unbalanced. It would unfairly withhold NM Unit Fund dollars from community water projects 
that could meet the water needs of 60,000 people in Southwest New Mexico.
2. Other alternatives need to be considered and included.  The Deming Water Alternative 
Report and the Grant County Regional Water Plan both describe plans which are less costly 
and provide water security for a larger population.  A Cost -benefit analysis should include 
these alternatives. 
3. The current proposal is ill-defined and is not a complete design so how does the public 
properly comment on it. Design and location are inadequate for an accurate EIS. 
4. Where would the additional money come from to build, maintain and operate the NM Unit 
project as currently defined .
5. Existing diversions already dewater the Gila during portions of the year.  Further 
diversions and pumping as well as climate change with lack of snowpack (evident this year) 
May well make this project pointless and a waste of money. Dewatering the Gila will certainly 
endanger species and habitat.  
6. Agricultural costs and benefits are poorly defined.  Who are the land owners?  Who are 
the potential customers?  What will be the cost of the water?  
7. Finally, words alone can not fully capture the beauty and power of the Gila River! Please 
go experience this river yourselves as part of the scoping process. The Gila River needs to 
be protected not diverted.
We can immediately spend the $66 million provided on priority projects that will meet our 
water needs far into the future without building a costly diversion.

############# Peter Edmunds General manager Border Partners psedmunds@gma406 s granite Deming NM 88030 United States
The diversion of the Gila river, is was and always be a expensive nonsense political 
boondogel.  project.  It has no reasonable benefits to anyone.  Stop it,NOW forever

############# Todd Gross Real Estate AppraMr. toddjgross@yaho Albuquerque NM 87112 United States STUPID IDEA!  HOW ABOUT SOME REAL CONSERVATION POLICIES?

############# Carlene Roters Self employed carleneroters@co4510 Schiff trail Silver City New Mexico 88061 USA

I am very concerned about preserving the Gila River as a free river, without damning or 
diversions. Within the USA and the world at large, dams are being removed more than they 
are being built.  We should be glad the river is free at this point and work on conservation 
alternatives to the harmful diversion project.  The BOR must assess environmentally friendly 
diversion alternatives to the proposed action to ensure that threatened and endangered 
species and riparian habitat are not adversely impacted. For the following further reasons, I 
encourage that we pass on the poorly defined proposal before us.

1.      There are other pressing needs for water besides agriculture.

a.    Section 212 (i) of the AWSA states that “the New Mexico Unit Fund shall be for the 
purpose of paying costs of the New Mexico Unit or other water utilization alternatives to meet 
water supply demandsin the Southwest Water Planning Region of New Mexico.”  Therefore, 
agriculture should not be the only beneficiary of the funds. The number of irrigators that may 
benefit from the proposed action is, at most, a few hundred in the four-county region, which 
has a population of around 60,000.

2.       Other alternatives need to be considered.

a.     The identification and evaluation of alternative ways of meeting the purpose and need of 
the proposed action is the heart of the NEPA analysis. A no-action alternative, doing nothing, 
is required to be studied for the EIS, but there are also two solid alternatives that are cost-
effective and would provide beneficial use of water in all of Southwestern New Mexico.

b.    The Deming Water Alternative Report prepared by Western Resource Advocates and 
Audubon New Mexico describes water conservation and efficiency improvements that are a 
better alternative than the proposed action or no action. The projects would be the cheapest, 
fastest and best water supply strategy to meet the needs of the largest municipality in the 
region. 

c.     The Grant County Regional Water Plan is a critical project for the region that would 
provide water security to the majority of residents in Grant County -- in Tyrone, Silver City, 
Arenas Valley, Santa Clara, Bayard, Hanover and Hurley. It has only received a small portion 

############# Eleanor G WoottePresident T&E, In woottigose@therivPO Box 190 Gila New Mexico 88038 United States

Phoenix Area Office
Bureau of Reclamation (ATTN: NMUnit EIS)
6150 West Thunderbird Road
Glendale, AZ 85306

Subject: NMUnitEIS

As a resident and person with a water right in the Gila River Valley in Cliff, NM I am 
expressing my comments to you regarding the proposal under consideration although the 
proposal has some vague parts to it leaving it open to change. The later part of this is 
unacceptable to me. How can we comment intelligently when we don't know all that is being 
asked? My comments will be as I see the proposal at this point. I do ask to be able to 
comment again when you have all the facts of the proposal in place.

First let me state that I mostly grew up in Las Cruces, NM near the Rio Grande River. One of 
my biggest concerns is having the Gila River as denuded and sterile as the Rio Grande has 
been. Now, after these many decades, both government and other public entities  are trying 
to revegetate the Rio Grande at considerable expense. Is this what is going to happen to the 
Gila River? I pray not. It is so much cheaper to let the water flow with vegetation left in place. 
The riparian vegetation does help stop some of the transpiration rate which is finally being 
recognized by the removal of dams in some areas of the USA. Periodic flooding also helps 
regenerate trees and other vegetation along the riparian zones. 

The capture and holding of water does not necessarily guarantee or provide complete 
security of the provision of water. You have only to look as far at El Paso, TX to see the 
downstream users can and do get shorted on their allotment of water. One large concern 
here would be Roosevelt Lake in AZ. By law they are entitled to water. How will this be 
guaranteed. 

Speaking to the Cliff-Gila proposed action component in the Bureau of Reclamation 
Managing Water in the West, Issue 1, June 2018:

You say you want to help agriculture by your stated need to deliver water at times, locations, 

############# Pete David President Hawkpoint Enviro cp_david@msn.co4508 Sunset Cany Albuquerque NM 87111 U.S.

The Interstate Stream Commission has spent extensive funding on countless failed 
engineering studies, lawyer’s fees, and out-of-state consultants in an attempt to use Arizona 
Water Settlement Act funding to divert the Gila River. Full funding of this wasteful project 
may cost New Mexico taxpayers hundreds of millions of dollars that could be spent on other 
state priorities. In fact, water experts, engineers, and even the former director of the state’s 
Interstate Stream Commission (ISC), have testified that the project would not yield the 
amount of water projected by the ISC, that it would be too costly to taxpayers, and that other 
water conservation projects should be considered to meet Southwest New Mexico’s future 
water needs.

The Gila River represents one of the last free-flowing and undiverted rivers in the southwest, 
which supports traditional users with opportunities to fish and hunt. Recreation users bring in 
much needed revenue that supports the local economy. The Gila River is one of the best 
examples of New Mexico’s spectacular natural heritage and should be conserved to ensure 
that farmers, ranchers, irrigators, and sportsmen are able to pass down their businesses and 
traditions to future generations. 

In addition, the EIS must provide a detailed cost analysis using some that are already 
completed (BOR) to clearly and accurately demonstrate the financial burden on New Mexico 
taxpayers versus the benefits derived from any diversion as opposed to other alternatives 
including conservation. In addition, the exorbitant cost of this project including as described 
above must be factored into what would be the cost of the water to eventual users to provide 
a true cost to NM residents vs. the benefits of how much water will be available considering 
evapo-transpiration and seepage. Further, the analysis must include a comparison of the 
current economic benefits through recreation and other users as mentioned above and the 
potential loss of this local revenue related to negative impacts of any diversion structure.  
There must be a thorough evaluation of the potential impacts to endangered species and the 
long-term hydrologic effects to this pristine riparian system given the known or modeled 
predictions of climate change. Any long-term negative predictions on the impact to the Gila's 
fragile ecology and rare species must be clearly articulated so that the ultimate decision-
maker has to consider it in any final finding of significant impacts. 

This NEPA process must be exhaustive and transparent to ensure the residents of New 

############# james wightman jwightma37@gma Silver City NM 88061 United States

You know you ask for detailed environmental consequences of the proposed project.  This is 
difficult if not impossible for the average citizen to supply.  In order to do this people come up 
with tired and trite guesses that may or may not be accurate or helpful.  I'm sorry but the big 
issue here is economic and philosophical.  Is there a need for this project or is this just the 
continuation of a concept that's time has passed.  Trying to squeeze more water out of the 
desert southwest for something that benefits a few at an enormous economic and general 
environmental cost.  Taking water from upstream and drying things out downstream.  
Upstream farms and perhaps more development, downstream natural areas that depend on 
water for their survival.  Another way of saying it is "doing something because it can be done 
rather than because it should be done"



############# Lita Furby Silver City New Mexico 88062

1.  It is difficult to comment on such a poorly, vaguely defined project.  You should be 
required to submit MUCH more detailed plans for EIS scoping.

2.  Plans to dam the Gila River make NO SENSE.  Nationwide, experts and citizens alike are 
recognizing all of the habitat, wildlife, and riparian damage that dams do, and so people 
elsewhere are REMOVING dams, not installing them.  In particular, it is clear that the 
diversions and infrastructure described in your vague proposal would threaten the health of 
the Gila River ecosystem, including destroying critical habitat for everything from very old 
Cottonwood and Sycamore trees to garter snakes to birds (some of which are already 
threatened or endangered).

3.  Furthermore, the proposed dam across the entire floodplain is designed to removed 
MUCH more water than is described in the proposed storage action.  This implies either that 
the proposed dam design is unacceptable, or that you are actually planning to divert much 
more water than the current storage proposal but just are not revealing that in your proposal.  
The latter is also unacceptable.  You cannot ask for public comment if you are revealing only 
part of your plan -- the entire plan must be laid before us.  Otherwise the scoping process is 
a joke.  

4.  As hydrology experts all recognize, groundwater levels will inevitably be lowered when 
water is removed from the river and declining groundwater will be deleterious to plants that 
depend on current groundwater levels and also to citizens in the area who depend on 
groundwater.  You will be taking water away from people and plants who depend on it.(To be 
blunt:   What are you thinking??)

5.  The proposed plan is hugely unfair to almost all of the citizens of southwest New Mexico.  
The plan is to  spend all of the AWSA funds on several hundred irrigators and on the 
international mining giant Freeport-McMoRan.  What about the other approximately 60,000 
people whose water projects could be greatly aided by spending the AWSA money to 
improve their water systems (without damming or diverting the Gila River one iota)?  Using 
$100 million of the public's money to ultimately benefit a huge international corporation is 
simply disgusting and should not be even contemplated.  Use this money for the benefit of 
the public . . . and for as large a portion of the public as possible.  Where is your sense of 

############# DeAnna Mooney Retired Educator dselkmooney@gm1304 Serinna Ct Silver City NM 88061 US

I have attended meetings, listened and read and still find the NM CAP Entity's proposed 
action to be ill-defined (let alone all the changes from one meeting to another). This makes it 
hard to understand & to then write meaningful comments for NEPA scoping.
 
From the scant information provided, it is clear that this proposal could significantly harm 
threatened/endangered species and riparian habitat. The cost is several times more than 
AWSA construction subsidy allows.  It will help a few folks (maybe 1000) compared to the 
community water projects that would help 60,000 people in SW NM.

The BOR must provide a FULL analysis of this project's ecological impacts in its EIS.  
Recommendations for mitigation of those effects must also be included.

The bottom line is there are MUCH BETTER ALTERNATIVES that have been proposed. 
Less cost, less harm to environment and they would help many more people. 

DeAnna Mooney

############# Dale Housley Retired N/A Smokemoon48@ 904 N Santa Rita Silver City NM 88061 US

The proposed actions will adversely affect the ecologically important cottonwood, willow, and 
sycamore bosque / riparian forest  and the prime habitat for threatened or endangered 
species.  Water drawn out of the system will alter seasonal flooding which is important for 
species diversity in this key riparian corridor.  There are no guaranteed CFS flow minimums.
Very few water users would benefit from the proposed project relative to the public 
subsidized project costs.   It would be more reasonable to select an alternative that targets 
community water projects that benefit more of the population, in a non-impacting and much 
more cost-effective way by utilizing the $66 million portion of the funds.  Alternatives that do 
not negatively impact riparian habitat and threatened or endangered species need to be 
included.  
Thank you

############# Lynn Ashby N/A Self plashby@msn.com3748 E. Sheridan Phoenix Arizona 85008 United States

Attending the public meeting in Chandler, I was struck by the lack of specificity about the Gila 
diversion project. I question how an EIS can be successfully undertaken when specific 
descriptions of the diversion, conveyance, storage and delivery of the project water seem to 
not exist. Important questions, such as the actual amount of project water, who would 
use/benefit from project water, how much it would cost and who would pay, were not 
answered at the meeting or in the literature I collected.

The stated purpose of the proposal is to develop the NM unit of the CAP to allow for more 
consumptive use of Gila River water, primarily for agricultural use up to 14,000 
acre/feet/year. This at the exact time that CAP officials in AZ are in interstate negotiations 
over allocation of ever decreasing Colorado River water. The 2004 AWSA that authorized 
diversion of the Gila must be reconsidered to factor in a continuing drought of 19 years and 
the projected effects of global climate change. Climate models concur with real-time data. In 
2018, there is less water flowing from its tributaries, including the Gila and the San Francisco 
rivers, into the Colorado and there will be even less water in the future. The proposed Gila 
diversion, however configured, is ecologically unsustainable.

I am concerned for the following reasons:
   The Gila River provides habitat for seven threatened or endangered species and is 
proposed for long-term protection under the Wild & Scenic Rivers Act. The diversions and 
infrastructure will harm critical riparian habitat.
   The proposal eliminates the ISC’s 150 cfs minimum flow, allowing the new diversion to 
dewater the river and extending the period of dewatering during ecologically critical times.
   Declining groundwater levels caused by the diversion and new groundwater pumping could 
threaten the last remaining intact riparian forest in the Lower Colorado River Basin.
   The proposed concrete dam across the entire floodplain and doubled ditch capacity are 
designed to take out a large amount of water allowing approximately 200 irrigators and 
international mining company Freeport-McMoRan to divert four times more water than the full 
amount of their water rights.

Please address the following questions:
What are the specific engineering details of the proposed action and what type of diversion 
will be constructed?

############# GERALD ENGEL MR. engelhill@comcas4551 N Eddie Wa Silver City NM 88061-4727 United States

I have a lot of concerns regarding the proposed diversion project.  One of my major concerns 
is that because of the fact that there will be negative effects on T&E species and because of 
the controversy surrounding the proposal, most of the available money will be spent on 
litigation and little will be left for actual project work that could benefit residents of southwest 
NM.  I spent most of my working life involved in NEPA.  This is the perfect example of a 
project where because of the environmental complexity it will be very difficult be legally 
sufficient in the site specific analysis.  I have not had time to come up with a good set of 
comments myself, but most of the comments provided by the Gila Conservation Coalition 
sum up my issures and concerns.
• The proposed action description is not detailed enough for me to provide specific 
comments, for instance, what are the engineering details of the proposed action?  What type 
of diversion will be constructed?  How much new AWSA water will be diverted, how much 
will be lost to evaporation and seepage and remain for beneficial use, when will it be diverted 
and consumed, and for whose use and where?  Will BOR and ISC allow the diversion to 
dewater the river, rather than decrease river drying as the ISC has claimed for years? What 
is the cost of the proposed action? What is the cost of the new water? Are there any water 
users willing and able to pay for project water? What is the net economic benefit of the NM 
Unit? Do its benefits exceed costs? By how much?  What are the environmental impacts of 
the proposed action and will the proposed action jeopardize the existence of the Gila River’s 
seven threatened and endangered species? What project features or mitigation 
requirements will be included to reduce impacts?

In addition to the action proposed, the BOR needs to  assess environmentally friendly 
diversion alternatives to the proposed action to ensure that threatened and endangered 
species and riparian habitat are not adversely impacted. Alternatives need to determine if 
water needs can be met cost-effectively by implementing non-diversion alternatives. 
Alternatives of using the immediately available $66M from the AWSA on priority community 
water projects that will meet our needs far into the future without building a costly Gila 
diversion requiring massive ongoing public subsidy to benefit very few need to be fully 
analysised.



############# peter russell water right owner retired peterfrussell@gm P.O. Box 303 Gila New Mexico 88038 Grant

CONCERNS REGARDING THE NEW MEXICO CENTRAL ARIZONA PROJECT ENTITY 
CAPE PROPOSAL TO EXCHANGE FOR WATER MADE AVAILABLE TO NEW MEXICO 
BY THE ARIZONA WATER SETTLEMENTS ACT (AWSA)

Submitted by Peter Russell
July 18, 2018

Place: My wife and I live on a small parcel of land near the Gila River in the Cliff-Gila Valley.  
We have lived in New Mexico since 1981.  We bought this land for our retirement. The parcel 
has water rights, and we draw water for our garden, orchard, and field from the Upper Gila 
Ditch.  

We live here because we love the Gila River, the last free flowing river in New Mexico, and 
all the beauty that it supports—both the wild things and the pastoral landscape of fields and 
cattle and gardens.  Here is a place where those features have been in a tenuous balance 
for a long time.  

The Cliff-Gila valley is an uncommon place.  Rare actually.  

River flows are low in the summer before the monsoon sets up.  Then the ditch I use 
sometimes does not carry enough to water all that I want to grow.  When I know a dry year is 
coming I plant less, and I save the water for my orchard.  I know my neighbors do similar 
things.  Some fields are planted with annuals.  Sometimes a herd is reduced that year.

Lots of water flows down the Gila River every year, however.  In fact, the 3 functioning 
ditches in this valley typically divert a little over 30,000 acre feet of water each year for about 
1,500 acres of fields that are currently irrigated.  Of course, the ditch water benefits more 
than pasture (mostly) and livestock.  Seepage from the ditches recharges groundwater and 
wells. Trees grow along the ditches and provide a refuge for wildlife, especially in the upper 
valley where diversions dry up parts of the river in the summer.  Water percolating through 
the fields returns to the river, and some of the best stands of cottonwood forest grow next to 
those fields.  Many irrigators have told me this, and I agree.

############# Tom Klumker Mayor Domo Spurgeon Ditch #2sfroutfitters@gma13 Pearl Drive Glenwood NM 88039 USA

Comments are for the CAP NM Unit Project

The proposed permanent diversion on the San Francisco River for the Spurgeon Ditch #2 is 
needed for several reasons, namely it would stop having to get in the stream flow multiple 
times every years to put in the temporary diversion with a dozer and other equipment. This 
would be a benefit to Spike Dace/Loach Minnow habitat as well as other species. It would 
really help to have a more stable and dependable water supply for the ditch and our irrigation 
purposes. It would have a permanent shutoff headgate to stop high level flood waters from 
entering and coming down the ditch.

The proposed storage reservoir on the side canyon for the San Francisco River Project 
would be a great benefit for additional water for downstream user WS Ditch, especially 
during low stream flow periods in the summer months.

The 5 water rights holders on the Spurgeon Ditch #2 would have a more dependable water 
supply for irrigation purposes and would add to the efficiency and use of water during the 
flash flood periods during the monsoon season. It would also enable the ability to take water 
out of the river in the springtime when heavy runoff periods make it impossible to put in a 
temporary diversion by dozer.

############# Dean Bruemmer Business owner The Wilderness L wildernesslodge@17 Jackass Lane Mimbres NM 88049 United States

So the plan has changed from only taking water during peak flows to pumping groundwater 
to fill the reservoirs. The farmers and ranchers of the Gila valley do not need this extra water.  
 The water will be sold/transported out of the watershed. It would be far better to just leave 
the water in the river.

############# Mark Horlings Chair of the Cons Maricopa Audubo markhorlings@ya 334 W. Palm Lane Phoenix AZ 85003 U.S.A.

The project threatens some of the last remaining riparian habitat for the Southwestern Willow 
Flycatcher.  Accordingly, the EIS must include recent studies detailing the number of birds 
found at different seasons at locations along the Gila and San Francisco Rivers which will be 
affected by the diversions.  Studies should indicate food sources used by the flycatchers in 
the diversion area, and particular attention should be paid to nest sites, the number of 
nesting pairs, and nest success rates.  Attention to the effects of diversion construction 
projects is particularly important now because misguided federal projects seeking to counter 
invasive tamarisk have dramatically reduced flycatcher nesting sites outside New Mexico.

Maricopa Audubon Society (MAS) has been involved in litigation to preserve the 
Southwestern Willow Flycatcher and its habitat for years.    MAS' success has resulted in 
holdings that Arizona reservoirs must not be filled so full that nest sites in stands of willow at 
the edge of the reservoirs are lost.  

Traditionally, Southwestern Willow Flycatchers prefer to nest in riparian stands of willow.   
However, in recent decades, with the loss of other riparian habitat, the birds have adapted to 
occupy and nest in tamarisk.   Tamarisk is, of course, an invasive species.   

A few years ago, federal agencies introduced the tamarisk beetle into tamarisk stands north 
of Arizona and New Mexico in an effort to control the spread of tamarisk.  The beetles were 
imported and released despite warnings that the beetles would spread south, kill tamarisk in 
areas where tamarisk had replaced willows and other native trees, and further imperil the 
remaining populations of Southwestern Willow Flycatchers.   The beetles have done exactly 
that, spreading south and multiplying threats to nesting birds.  

In 2017, a U.S. District Court in Nevada found that federal agencies had violated the 
Endangered Species Act and must take remedial action in an effort to save the remaining 
Southwestern Willow Flycatchers.  MAS, its co-plaintiffs, and the federal agencies 
responsible are negotiating remediation projects.  The EIS must investigate the probable 
effects of the diversion on this endangered bird, recognizing that the extent of the damage 
caused to its nesting sites in states other than New Mexico remains uncertain.

The EIS must also investigate the project's threats to other endangered and threatened 

############# Philip Brown Trail Engineer Private gilatrails@yahoo.cP.O. Box 88 503 Turkey CreekGila New Mexico 88038 United States

To Bureau of Reclamation , I Philip S. Brown originally moved here and bought my land 
along the Gila River in March of 1987.i did not buy my beloved home as a real estate 
investment . I moved here for the extraordinary solitude, quiet, and profound natural 
environment . I believe the current irrigation ditch system to be plenty adequate . I also 
believe that construction and maintenance of the proposed diversion would irreversibly and 
negatively change the tranquility of one of the most beautiful valleys in the west.
  As a well owner with water rights within a half mile of one of the main project sites I  am 
also concerned about the negative impact to the water table. 
  I wish to be on the record as in opposition to the Gila diversion proposal.
  Respectfully, Philip S Brown

############# Ed Jacobson beepbeep@cyber607 Meadow Lane Los Alamos New Mexico 87547 United States

Note:  The comments below were e-mailed to NMUniteEIS@empsi.com yesterday.  There 
has been no reply to say that they were received.  As the deadline is tomorrow, the 
comments are being sent again in this manner.

July 18, 2018

Comments for consideration for the EIS for the New Mexico Unit of the Central Arizona 
Project

(It is noted that of the eight Bureau of Reclamation Lower Colorado Region information 
sheets handed out at the eight scoping meetings held in New Mexico (5) and Arizona (3) 
between July 2 and July 13, one is dated June 2018 and seven are dated July 2018.  Issue 
No. 1 of the NM Unit of the CAP EIS, dated June 2018, states that "The Secretary may 
contract with users in New Mexico for up to an annual average of 14,000 acre-feet of water 
over any consecutive 10-year period, over and above consumptive uses provided by Article 
IV of the Decree of the Supreme Court of the United States in Arizona v. California, 376 U.S. 
340 (1964)."  It would aid rational discussion if Issue No. 2 detailed what the actual historical 
average annual values over consecutive 10-year periods would have been.  Apparently, 
there is historical data available from which the calculations can be made.  For the years 
1937 through 2013 there are 58 consecutive 10-year periods.  There may be several 
methods that can be used to get a number for each of those consecutive periods.  Those 
numbers, arrived at by different methods, even if not in close agreement, would aid in the 
formulation of useful comments during the writing of the EIS.  It is necessary if the often-
printed maximum 14,000 acre-feet quantity is to be put in perspective.)  

There will probably be a lot comments on water, vegetation, fish and wildlife, land use, and  
perhaps cultural resources.  Discussion of social and economic conditions should not be 
limited to communities along the Gila River.  The Gila Wilderness is a national and arguably 
international resource.  To a lesser degree, so is the idea of a free-flowing Gila River, at least 
the portion of it in New Mexico.  Just as there are persons who will never visit wilderness 
areas in Alaska, knowing that such areas exist is of value to them.  The same can be said for 
a small river in the southwestern United States.



############# Sandra Postel Director Global Water Poli spostel@globalwa430 W Highway 6 Los Lunas NM 87031 US

The NM CAP Entity's proposed action is vague, which makes it difficult to develop detailed 
comments for NEPA scoping.  However, a decade of study to date shows proposed 
diversions of the Gila River to be unnecessary to the water security of southwestern New 
Mexico, of great risk to the ecosystem's threatened and endangered species, and fiscally 
irresponsible. The NEPA process must address these issues head on.  Specifically, the 
NEPA process should provide a complete analysis of the ecological impacts of the proposed 
action -- including the habitat and life-cycle impacts on T&E species of the disruption of 
flood/high flows and the worsening of low flows -- as well as how these impacts could be 
mitigated.  It should also provide a thorough analysis of project alternatives -- including 
conservation and non-diversion supply alternatives -- and a rigorous cost-benefit analysis of 
these alternatives. In making such a comparison, the cost of the proposed action to divert 
the Gila must include not only engineering, operation and maintenance costs, but also the 
required payments to downstream users in Arizona for any water diverted from the Gila in 
NM.  Only through rigorous analysis of the alternatives can the NEPA process determine the 
most cost-effective, equitable, and ecological sound option for meeting the water security 
needs of the residents of Southwestern New Mexico.

############# Diane Smith sallysmithisnow@111 Hot Springs C San Lorenzo NM 88041 US

Comments on EIS for the Gila River Diversion NEPA Process
Submitted by Diane Smith, San Lorenzo, NM, Grant County resident for over 40 years, July 
19, 2018

Thank you for the opportunity to comment on this most critical of concerns that are of 
imperative importance to the long-term well-being of the human population and the flora and 
fauna of SW New Mexico.
It is very disappointing and discouraging to see that after a more than a decade and 
countless public meetings and more than $15 million spend on planning this EIS is being 
proposed for review and approval with incomplete plans and lack of review of feasibility 
studies, vital specifics of the actual diversion and conveyance, storage and delivery systems! 
Please revise the EIS to include the aforementioned information in detail.
Obviously, this is a rush job that should not be condoned as a legitimate Scoping Process, by 
either the BOR, the ISC, the CAP entity, the local governments involved, the Soil and Water 
Districts, or the public which has so much at stake in the selection of options. 
How is the public to make comments when the amount of project water, how much it will cost 
and who would benefit from it and pay for it have not been answered? Please revise the EIS 
to include details of how much water will be diverted, how much it will cost to divert it and 
how much it will cost actual users, and who will pay for implementation, maintenance, and 
operational cost for all alternatives. 
 As someone who has informally monitored the condition of the Gila River for over 25 years I 
strongly believe options should consider giving preference to evaluation of environmentally-
friendly alternatives to ensure that threatened and endangered species and riparian habitat 
are not adversely impacted. This revised evaluation should include an analysis of 
implementation of priority community water projects that will meet the water needs of 60,000 
people in southwest New Mexico far into the future. Please include all alternatives including 
no action as compared to each proposed action added to the revised EIS.
Agriculture use, which benefits a limited number of users including mining interest Freeport-
McMoRan which holds the majority of water rights already in the Gila Valley, and subject to 
delivery and demand to down steam users, is very likely not to be economically affordable to 
farmers, and surely will require ongoing public subsidies making it a lasting burden while 
potentially destroying the most rare and intact and uniquely valuable habitats of the South 
West forever. Please do a detailed analysis of cost and benefits and availability to 

############# Laurel Johnson Ms. laurel@queenofta1107 West 6th Str Silver City New Mexico 88061 United States

I strongly oppose any further studies and incurred expenses related to the unrealistic option 
of the proposed diversion of the Gila River.  The proposed plan would benefit the few 
agricultural interests at the expense of a much larger population that relies on the resources 
of the Gila River for drinking water, recreation & tourism.  This is a boondoggle of immense 
proportions that has gone on far too long.  We need to focus on realistic solutions that focus 
on conservation of our water resources, not depletion.

############# David Hawkins Principal HydrologMr. dbhawk@gmail.co2954 N. Campbel Tucson AZ 85719 United States

To whom it may concern:

I am a landowner and a water rights holder who will be affected directly by the proposed 
action.  I am also a professional consulting hydrologist with a graduate degree in hydrology 
from New Mexico Tech.

1. Figure 4. Spurgeon Diversion Area shows that there will be a conveyance structure and a 
48 inch pipe crossing my property.  No one has contacted me to discuss any of this, and it is 
unlikely that I will approve of any easements on my property that do not already exist.  Any 
construction access to my property would need to be approved in writing by me prior to 
initiating any studies or construction on my property.  Any violation of that would be subject to 
legal remedy.

2. Although my property is show in orange in Figure 4 as potential AWSA, I will not be 
purchasing any AWSA water.

3. At least 50% (or possibly as much as 75%) of the acreage shown as potential AWSA in 
Figure 4 is in no way suitable for surface irrigation or agriculture, and should not be included 
in cost-benefit analyses.

4.  My personal experience with growing fruit crops in the area shown on Figure 4 has shown 
that the weather is not suitable for commercial fruit operations.  The growing season is 
significantly shortened by late frosts resulting from proximity to Gila Mountain Front.  
Therefore, high value agricultural products should not be included in economic analyses.

4. Irrigable land shown in Figure 4 will be limited to pasture crops, therefore, low dollar value 
per acre-foot.

5. Flow events such as those recorded in 1983 and 1993 have the potential to completely 
wipe out any improvements made in the San Francisco River Canyon above the mouth of 
Pueblo Creek.

############# Maria Casler Community Choir Mariadb74@yaho2645 Mountain Vi Silver City NM 88061 USA

Hello, I would like to comment on the Gila River Diversion Project (NM Unit) proposed by the 
NM CAP Entity.  I oppose this project, as I believe the proposal currently stated is too vague; 
it fails to tell us what exactly will be done, what it will cost, and what the impacts will be.  The 
Gila River is one of our few remaining wild rivers, and a habitat for seven endangered 
species.  A diversion project will harm the riparian habitat, impact endangered species, and 
interfere with recreation activities on the Gila.  It is also unfair; it would benefit very few 
people, using a great deal of money that was intended to help provide water to many New 
Mexicans.  The project water would be expensive; many farmers would not be able to afford 
the cost of the water.  The money slated for the project would not cover all the costs, leaving 
taxpayers to cover millions of dollars for a project from which they see no benefit. 
Far better to use common-sense, non-diversion community water projects to provide water 
for more citizens, look into conservation efforts to reduce our water consumption, and keep 
our wild rivers safe for wild creatures, riparian habitat, and wilderness recreation.  

Thank you, 
Maria Casler

############# DeWitt Henderson dewitth@msn.com3219 Eagle Ridge Las Cruces NM 88012

I am very much against any diverting, of any kind, of water from the Gila River in New Mexio.  
 It is a small, shallow river, one of only a few free-flowing rivers in New Mexico, which 
provides great benefit to wildlife, birds, local farmers, lovers of the outdoors, etc.

############# Cathy Knight knight.cathy30@g202 S. Lea Ave. Roswell New Mexico 88203 USA

My comments concern the New Mexico Unit (NM Unit) of the Central Arizona Project (CAP).
I am against  any diversion of water from the Gila River or San Francisco River. These are  
beautiful, environmentally sensitive areas. It would be criminal to ruin them.
 Water is at a premium for all people, plants and animals in the Southwest. Hard decisions 
need to be made toward water conservation. The decision to NOT divert Gila and San 
Francisco river water  should not be hard. 
 Efforts toward water conservation would be a better use of time and money.  I suggest 
looking at population growth and water sucking industries as a beginning.

############# Carolyn JohannesRegistered Nurse Silver ConsolidateHardtack005@ms4102 Half Moon C Silver City NM 88061 USA

As a lifelong hiker & birder, I am adamantly opposed to the Gila River diversion project.
Climate change has made our ability to predict the actual consequences of the project 
impossible to foresee.
My grandchildren visit frequently from Scottsdale, AZ in order to learn in the mountains & 
rivers in the Gila Wilderness. These lessons are essential to the next generation if they are to 
be stewards of the land.

############# Jennifer Macke Biologist jpmacke@comcas Los Alamos New Mexico 87544 United States

I do NOT support the proposed action to divert water from the Gila River. This project will 
have negative impacts on wildlife.

The Gila River is home to threatened and endangered species, including the Southwestern 
Willow Flycatcher and the Yellow-billed Cuckoo.

The project includes storage ponds in the Gila River floodplain. Open ponds allow large 
amounts of water to be lost to evaporation and are very inefficient. Holding ponds will waste 
precious water.

There are other ways of supplying water for human needs without harming the Gila River, 
which is a treasure to our state and nation.



############# Bette Korber Scientist b.korber@comcas5B Angelitos Rd Santa Fee NM 87506 US

There is much at stake regarding diversions along the Gila. This river is being considered for 
Wild and Scenic Status; the state should work to preserve her wild nature in New Mexico to 
enable this to be achieved. Preserving the natural flow of the Gila will preserve the Riparian 
communities and wetlands essential to maintaining the diversity of native plants and animals; 
these are treasures that keep New Mexico a vital place to live and to visit, and bell weathers 
for the ability of people to survive in an uncertain future.  The richness of the natural beauty 
of our state needs to be preserved for future generations. Endangered species depend upon 
the Gila, and we do not fully understand how to maintain the complex environmental 
interdependencies that nature has evolved to sustain.  What is important is that we keep one 
wild river in New Mexico, not that we hold her water back from Arizona.   

My understanding is that some of the federal funds designated for the Gila diversion could be 
used instead for adopting better municipal and agricultural water conservation strategies for 
New Mexico.  This is the most critical thing for the future of our state, if climate change and 
droughts continue to worsen, as they are most likely to do.  Albuquerque has set a shining 
example of leadership in this arena, and as consequence the aquifer the city depends upon 
is getting recharged rather than depleted.

############# Karl Kiser ksquared77@gmaPOB 3431 Albuquerque NM 87109

Some people have wanted to divert water from the San Francisco and Gila rivers in New 
Mexico for a long time.  I traveled to Silver City in the mid 1980s and commented against the 
Conner Dam.  The project benefit/cost ratio was not favorable and the additional water was 
priced too high.

The same is true at present although we now have smaller diversion dams, pumps and 
holding pools.  The cost of the project is unknown (because the project definition is 
constantly changing) and what would be the price of the supplied water?  My sense is that 
residents of New Mexico cannot afford such water even with a partial federal subsidy.  
Where is the market (a few irrigators and mines?) and what about the unresolved water 
rights of downstream entities including recognized tribes?

And the project does not include the environmental costs of riparian removal and the 
destruction of the last major free flowing rivers in the State.  There exists 66 million dollars in 
appropriated federal funds which could be used for conservation infrastructure without the 
incurring of additional costs from the taxpayers of New Mexico at large.  This would be a 
preferable outcome given likely high water costs for an undetermined amount of water in an 
era of drought and warm weather.

############# Kyle Skaggs Farmer Frisco Farm friscofarm@gmail 5 Summer Drive Glenwood NM 88039 United States

To whom it may concern of the NM CAP Entity, 

I am writing to express my concern with several aspects of the proposed action of the NM 
CAP Entity along the San Francisco River.   I own and operate Frisco Farm, a produce 
operation in the Pleasanton valley.  My livelihood, that of my family, and that my employee 
depends on the availability of irrigation water from the San Francisco River.  The land I farm 
is owned by my father and has roughly 16 adjudicated water rights.

My primary concern is the proposal of the installation of a syphon from the Pleasanton 
Eastside Ditch to feed a potentially restored Pleasanton Westside Ditch.  Currently all water 
diverted into the Eastside Ditch is used by adjudicated water rights.  A syphon feeding the 
Westside Ditch would drastically reduce the available volume to Eastside users unless the 
capacity of the Eastside Ditch is increased; an action which is not included in the proposal.  
Additionally, all land to be irrigated by the Westside ditch would have to use AWSA water – 
not the water flowing down the river that has never been diverted.  There is no mention of 
this, or any plan for providing AWSA water to either ditch in the proposal.

I am also concerned with the proposed use of groundwater on non-adjudicated acreage that 
is to be offset with the release of water from the proposed Weedy Canyon Reservoir.  Until a 
full groundwater model of the valley has been completed, this proposition is absurd.  Water 
pumped from aquifers cannot be equilibrated with volumes released from a reservoir until 
percolation rates are fully understood and it is very unlikely anything close to a 1:1 
equivalence can be used as much of the water will flow downstream or evaporate – not 
replenish the aquifer draw-down.

I also feel it is fiscally irresponsible to continue with a plan for the proposed Weedy Canyon 
Reservoir without first securing the necessary funding.

In general, I am displeased with much of the proposal for the San Francisco River and, while 
I support a CAP Entity and potential use of AWSA water, I think a system more similar to the 
proposed Upper Gila Valley system of localized ponds and distribution would be much more 
applicable, cost effective, and far less wasteful.

############# Cindy Provencio Resident of Hurley crprovencio@gmaPO Box 465 Hurley New Mexico 88043 United States

To whom it may concern,

I am writing to ask that we DO NOT spend millions on a destructive and ill planned diversion 
on the waters of the Gila River.

As a lifelong resident or Grant County I visit these waters very frequently and take pride in 
our beautiful and unique river that starts in the worlds first ever designated wilderness. I can 
also say that I have seen my river dwindle down to half of what its flow once was. I would like 
to leave this river to the next generations as the last free flowing river in the western United 
States. It is still free flowing because there are not permanent or destructive diversions that 
stop the natural flooding of the river or cause harm to endangered fish species.

I believe that the NM Unit CAP entity has squandered millions of tax dollars trying to push 
through what the majority of residents do not want. They still do not have a coherent plan 
and are looking at a few destructive options. They seem to be content continually wasting 
federal dollars. As a resident of Hurley, NM, I would like to see this money used in securing a 
water source for my town, as we do not yet have one. The town had been seeking to 
accomplish this since 2005, but had failed to secure a viable monetary source, thus pushing 
the cost onto the residents through our water bills that have gone up by more than 50 
percent since 2005. We need this help more than the few that will benefit from spending 
millions on a destructive diversion the Gila River.

I believe that the river itself is a living being, providing the lifeblood to all habitats that are 
blessed by its water. It needs to be protected, and I support Wild and Scenic Rivers 
legislation to legally protect our beloved river for ever. We boast rich cultural history and 
biologically unique habitat along this river, the highest concentration of breeding birds in 
America and a nearly intact native fish community including several endangered fish species. 
It is worth protecting.

There are much more cost effective ways to secure our water future that those funds could 
be used for those measures.

Again, I ask, DO NOT let this tax money waste continue, DO NOT spend millions on a large 

############# Edwina Vogan Planner N/A endangered.ev@g1549 E. Dover Cir Mesa AZ 85203

My first comment is about the scoping meeting process and the meeting I attended in 
Chandler, AZ at Wild Horse Pass Casino. I don't know what the other scoping meetings were 
like, but the Chandler scoping meeting was held on a Friday night during the 4th of July 
weekend. Seems like less than optimum timing to hold a public meeting for informational and 
comment purposes. The meeting was held at the far eastern edge of the Phoenix Valley 
instead of in central Phoenix where greater opportunity for public participation could be had 
with transportation options like light rail, bus system and the drive wasn't discouraged by 
evening traffic to the outskirts. I work in downtown Phoenix and had to leave work an hour 
early just to drive 27 miles to get to the meeting. Public participation is an important part of 
any project process. This was not a successful endeavor to comply with information for the 
local community. 

From what I could tell from the information presented on the tables and comments from staff, 
some of the details like costs and the exact nature of the dam system are not firm. It seems 
that forcing the EIS process within the one year period is not going to resolve issues like 
costs given some details still are not clear. Why weren't Alternative 1,2 or 3 to be considered. 
Were local options to conserving surface water and how to meet agricultural needs 
considered? Will taxpayers end up paying for a project that was rushed to construction and 
built?

Lastly, were tourist dollars considered in the event, that the drawdown of the Gila River 
results in the loss of species and habitat that outsiders come to Western New Mexico to 
enjoy. Local communities enjoy the results of the tourist trade and jobs could be affected by 
the loss of the wild environment that others travel miles and miles to experience. 
Thank you for the opportunity to comment. Edwina Vogan



############# Lynn MontgpmeryChair Coronado Soil andsunfarm@toast.ne240 Camino de la Placitas New Mexico 87043 United States

COMMENTS ON GILA DIVERSION PROJECT

These comment are submitted on behalf of the Coronado Soil and Water Conservation 
District

1. Application is incomplete and premature. No clarity as to the final design of project. Public 
does not have enough information to make determinations. More time is needed to provide 
more information so this review can be legitimate.
2. Costs. Project does not have funding in place to complete it. No possible sources are 
named. New Mexico taxpayers cannot afford extra multimillion-dollar charges on this large 
and expensive project. The water will cost too much for end users. This will make the 
produced water a stranded asset.
3. Project does not reflect present reality. Taking water out of the Gila River is taking water 
out of the Gila River. No amount of distraction on this point will change that fact. We have 
overengineered our rivers to the point that they cannot perform to meet the requirements of 
civilization and the water resource. New Mexico is getting hotter. This fact is completely 
ignored. The Rio Grande is moving into a non-functioning phase because of overengineering 
designed around snowpack runoff. We must avoid this from occurring to the Gila River.
4. New Mexico must start paying better attention to its little places. The urge to go for the “big 
project” at the expense of all others is an attitude that needs examination. The needs for little 
places is much greater than this big project.
5. All other uses are neglected. Multi-use is required on these public lands. Recreation will be 
negatively impacted, especially fishing and birding. There is little review of the viewscape.   
6. There is no “good engineering” option.  The project must be resilient to meet the demands 
of the future. Pumping is an engineering shortcut. Power might not be so available and 
cheap in the future. The project should be designed over gravity flow.
7. There is little determination as to impacts on endangered species.
8. The values of a scenic, wild river will be unalterably changed as this wonderful little river 
emerges from the first declared wilderness in the United States.

############# Dianne Maughan Retired fredweinhagen@g315 W 11th Stree Silver City NM 88061 United States

These are my personal responses, as a New Mexican and Grant County resident to the 
proposed Gila Diversion Project.
I do not understand all the details of this project.  But I have a strong preference for a no-
action decision.
I find it hard to believe that we would even consider damaging the Gila, a free-flowing river 
that provides untold advantages to residents, ranchers, farmers, hikers, wildlife, water 
quality, horsemen, wilderness explorers, etc., etc., etc.
This precious resource must not be tinkered with.  We are removing dams from rivers all 
across the nation.  I know this is not a dam but it involves the kind of engineering over-kill 
which has caused so much damage elsewhere.

Please listen to the locals, the scientists and the tourists who love this place, not to those 
who have a monetary interest in diversion.

Thank you.

############# Nanette Laney self employed nlaney@fidalgo.n * Gila Hot SpringsPO Box 2133 Silver City NM 88062 United States

Scoping Comment Letter for the Proposed New Mexico Unit of the Central Arizona Project: a 
Water Diversion, Storage, Conveyance and Delivery System for Agricultural Use
          
July 19, 2018

Dear Department of Reclamation, New Mexico Interstate Stream Commission and 
Cooperating Agencies,

Thank you for taking my comments.

First of all I found the information provided at the public scoping meeting to be vague and 
insufficiently detailed to have a clear understanding of the proposal.  The lack of disclosure of 
cost estimates was particularly troubling.  And the fact that the intended diversion structures 
were not disclosed leads me to wonder if the lack of information is deliberate and designed 
to make public input difficult, which is also concerning.  

Secondly, I do not appreciate the diffuse meeting style, with no information disseminated the 
audience as a whole, and no audience question and answer session that those attending 
could participate in and learn from.   Both the vagueness of the information and the choice of 
meeting style puts the public at a distinct disadvantage when trying to make informed and 
intelligent comments.  

My concerns fall under the following general areas:  upstream impacts, groundwater 
drawdown, diversion structure concerns, endangered species, plant and animal population 
health, climate change, cultural resources, ethical and economic concerns, and habitat 
enhancement.

Upstream impacts: 

The EIS should examine not only downstream impacts, but also upstream impacts, including 
impacts to river flows (and *whether* the river flows, since at least one fork of the Gila River 
and one tributary creek, within and near the Gila Wilderness boundary, runs subsurface for 
parts of the year), and impacts to the population and physical health of upstream flora and 

############# Kathleen Kendig katekendig777@y428 Box Canyon RP. O.  Box  332 Cliff NM 88028 United States

One good reason to leave things as they are in the Cliff- Gila area, or to choose simpler 
alternatives to the proposed action,  is community resilience in the face of catastrophe.  If all 
of our agricultural water supply becomes dependent on pumping operations, and therefore 
on the power grid, we are all more vulnerable to adverse factors affecting the grid,  such as 
natural disasters, warfare, cyber attacks, or climate change.    Our gravity powered systems 
are much more resistant to catastrophic damage and could be restored to operation even if 
the power grid was not restored.

############# Laura Pottorff Teacher demingpottorffs@1006 S.Silver Deming NM 88030 U.S.A.

To Whom It May Concern Regarding Gila River Diversion Project"

At this time,  I am writing to urge that the Gila River Diversion Project be dropped in favor of 
utilizing the money towards water conservation measures.   Water needs can be met by 
implementing other methods to meet the needs of members of communities who live in the 
southwestern United States and who would be impacted by a diversion of the Gila.  Three 
plans, the Southwest Regional Water Plan of 2017, The Grant County Regional Water plan 
and the Deming Water Alternative Report provide a wide range of potential projects that 
would meet the needs of the greatest number of people and communities via less expensive 
and less environmentally negative ways.  

If the Gila River is diverted, the natural environment of the area will be threatened.  Critical 
habitat for all species, including those which are endangered, will  be harmed. Climate 
change can potentially also cause problems for this area and the current proposal does not 
adequately take this into account.  A large number of people utilize the natural wilderness in 
the great state of New Mexico.  If fish, plants and animals die off, more land will erode and 
devastating consequences to the land may occur.  This could cause people to be unable to 
use the forests, to not be able to fish or play in the river, to not know the joys of the out of to 
experience  nature.

Thank you for your consideration.

Laura Pottorff



############# Barbara Stout barbstout2010@g3400 Painted Roc Albuquerque NM 87120 United States

Comments, Questions and Concerns about the Gila and San Francisco Rivers Diversion Plan

I am not an expert on these matters, but sometimes (ok, probably rarely) a non-expert 
comes up with decent questions and comments.  I’m going to list most of my concerns as 
questions.

1.  Riparian areas are very critical and precious ecosystems in the Southwest.  Would there 
be any impact, negative or positive, on any riparian areas should this go forward?

2. Has the plan taken into account the increased rates of evaporation that are and will 
continue to occur due to increasing temperatures and more frequent droughts?  It’s hard for 
me to believe that the little amount of water available, especially with water loss due to 
evaporation in the storage ponds would be worth all the money needed to construct all the 
ponds, conveyances, and so forth.

3.  Who pays for the construction and maintenance?  The water users who want to use it or 
is it spread around to other people/entities who don’t benefit?

4.  Is the role of the Soil and WaterConservation Districts limited to agricultural concerns or 
does it extend to preserving/restoring healthy ecosystems?

5.  Who picks/picked the NEPA contractor?

6.  Would the agriculture users include ranchers or just growers?

7.  Are farmers and ranchers currently suffering from lack or water?

8.  How do farmers and ranchers currently get their water?

9.  Would they expand their production if more water was available?

10.  Would any expanded production be worth the extra costs they as water-users would 
likely incur or would the costs be carried by tax-payers?

############# Carolyn Kennedy cjkennedy@comc91 Paseo de San P.O. Box 463 Placitas NM 87043 USA

I adamantly oppose this project as environmentally and ecologically detrimental to New 
Mexico's last free-flowing river and a waste and unfair use of funds that could more 
appropriately be spent on critical community water projects in the area that would not require 
diversion..

############# Wendy Graves wdgraves@frontie310 N Silver St. Silver City NM 88061 United States

To whom it may concern,
I am writing in opposition to the Gila River diversion project.  I have many objections to this 
proposal, two of which I am voicing here.

 1)Although I am new to New Mexico, as I understand it, there is no demonstrated need for 
this large and damaging infrastructure project.  It sounds as if there are smaller, more local 
water-use projects that might be a better use of any funds that are available.

 2)The Gila is an important habitat for many species.  No matter how conscious we are of 
this, a diversion of this scale will definitely adversely affect the habitat and the wildlife 
dependent on that habitat.

In closing, it is clear that there are much more data that need to be collected if there are to 
be valid claims that Gila River flows need to be altered.  Once the data have been collected, 
time should be spent on careful analysis of existing community water projects and only if 
these projects are found deficient for specific reasons should our attention be turned toward 
alternate plans.  Finally, all plans considered should clearly demonstrate no or extremely 
limited negative effects on riparian habitat and wildlife.

Sincerely,

Wendy Graves

############# Don Graves wdgraves@frontie310 N Silver St. Silver City NM 88061 United States

To whom it may concern,
I am writing in opposition to the Gila River diversion project.  I have many objections to this 
proposal, two of which I am voicing here.

 1)Although I am new to New Mexico, as I understand it, there is no demonstrated need for 
this large and damaging infrastructure project.  It sounds as if there are smaller, more local 
water-use projects that might be a better use of any funds that are available.

 2)The Gila is an important habitat for many species.  No matter how conscious we are of 
this, a diversion of this scale will definitely adversely affect the habitat and the wildlife 
dependent on that habitat.

In closing, it is clear that there are much more data that need to be collected if there are to 
be valid claims that Gila River flows need to be altered.  Once the data have been collected, 
time should be spent on careful analysis of existing community water projects and only if 
these projects are found deficient for specific reasons should our attention be turned toward 
alternate plans.  Finally, all plans considered should clearly demonstrate no or extremely 
limited negative effects on riparian habitat and wildlife.

Sincerely,

Don Graves

############# Rebecca M SummPhD Process Geo becsummer@gma8 Fotis Road Silver City NM 88061 USA

My field of work is earth,water and air interfaces and my doctorate is  process 
 geo morphology . 

 I.  The first of four parts of my scoping comments to the NM Unit 4 EIS involves evaporation  
of surface waters and transpirations of water from the plants to the atmosphere.  I have read 
all available information on the studies for this EIS.  From what I reviewed it appears   that the 
following information is germaine to the quality of the EIS.

Even though there is not any specific data on projected surface water areas that may be in 
conveyance canals or impounded, an important point to keep in mind is the rates of 
evaporation in the field area. According to the National Weather Service, Santa Teresa, New 
Mexico, the annual evaporation rates can be 108  inches. This datum is critical to understand 
the effects of any development model or project. It is likely that evaporation will alter 
projections for storage reservoirs and aquifer recharge.

 II.  The second item of significance  is the lack of sufficient information on pumping near 
surface ground water or deeper ground water bodies. From the literature, there are several, 
 probably  many, perched aquifers along the River and river terraces. Pumping ground water 
from any of these could have devastating unintended consequences  to wildlife, native 
vegetation, and private wells .  For example,  ground water levels for wells on other farms 
could inadvertently be lowered.

Adequate hydrologic and geological studies have not determined that aquifer storage and 
recharge is even feasible.  This project requires that scientific studies by structural geologists 
to understand the complexity of the  field area, given that it is a physiographic province 
including the geologic characteristics of both the Basin and Range and the Colorado Plateau. 
Faults, fractures and other changes within the earth directly affects ground and surface water 
flow.

 III.  The third item of significance is that the proposal does not take into account the potential 
effects of climate change.  Climate studies using numerous climate models by  Dr.  D Guzler, 
New Mexico climatologist,  (personal communication, 2007) showed that the chief model-
based predictions were increased temperature, higher evapotranspiration, reduced or no 



############# Terry Timme President Southwestern Newswnmaudubon@gPO Box 1473 Silver City NM 88062 USA

Phoenix Area Office
Bureau of Reclamation
ATTN: NM UNIT EIS
6150 West Thunderbird Road
Glendale, AZ 85306
Southwestern New Mexico Audubon Society (SWNMAS) is very concerned about the future 
of the Gila River due to the proposed NM Unit of the Arizona Water Settlement Act (AWSA). 
This natural gem of a river and its riparian habitat provide a vital area for birds and other 
wildlife.  Our chapter was founded 50 years ago in response to the Hooker Dam proposal 
and has been actively engaged in protection of the Gila River ever since. We believe that the 
value of maintaining natural flows on the river provides overwhelmingly larger public benefits 
than the limited benefits a NM Unit would provide to a few irrigators.  
First and foremost the draft EIS must acknowledge that the purpose and needs statement 
does not comply with the intent of the law. 
The Purpose describes consumptive use of water from the Gila River and groundwater 
sources in southwestern New Mexico, however, section 212 of the 2004 Act does not include 
language authorizing groundwater use. Therefore the project proposals for groundwater 
wells are an unauthorized use of funds.
The Needs states that the water is for agricultural use, however according to the AWSA “the 
New Mexico Unit Fund shall be for the purpose of paying costs of the New Mexico Unit or 
other water utilization alternatives to meet water supply demands in the Southwest Water 
Planning Region of New Mexico.” Therefore, there is no reason to exclude analysis of 
alternatives, such as water conservation or other infrastructure projects that meet water 
supply demands in the entire four-county region.
Our comments center on several issues relevant to the National Environmental Policy Act 
(NEPA) process as well as the Principles, Requirements and Guidelines (PR&G) analyses 
that we believe should be thoroughly investigated and considered during this phase. Our 
comments regard: the impact on the natural environment, as well as the impact on humans 
as a social justice issue, and finally the economic impacts. 

There will be adverse impacts on the natural environment. As an organization whose 
founding was predicated on protection of this valuable and vulnerable ecosystem for 
avifauna, we strongly encourage a science-based, comprehensive analysis of potential 

############# Julie McIntyre minister julieriver@msn.co3 Marryat Dr. Mimbres NEW MEXICO 88049 United States

I understand there have been many meetings and public discourse on this subject. However 
the very long term impacts these decisions will have on the  lives, livlihoods, environment, 
wild life and the preciousness of water resources in the desert southwest deserves as long 
as it takes to come to a solution whose time frame is dictated by organizations who have no 
relationship to this land, the people and the water that flows through here.  Conservatively 
accees the solution to use the 66M from the AWSA for priority community water projects that 
do not allow or require the building of a Gila diversion. Finding a solution should take as long 
as it needs to take until a fair and just solution is found that accounts for near and long term 
impacts.   Julie McIntyre

############# Kathleen Kendig katekendig777@y428 Box Canyon RP. O.  Box  332 Cliff NM 88028 United States

I live close to a portion of the Gila River that is dewatered for part of each year while all the 
water is diverted to the irrigation ditches.  I am concerned that the proposed action may lead 
to further dewatering of the main channels of the river.  I would prefer that alternatives be 
sought which provide at least some water in the main river channels through the year to 
support wildlife and recreational uses.

############# Bernard Foy TaigaMerlin@com214 Spruce St. Santa Fe NM 87501-1624 US

The Gila River Watershed, in southwest New Mexico and southeast Arizona, contains wildlife 
and wildlife habitat that are unique in North America. Diversion of the Gila River would 
destroy much of the habitat these bird species, herp species, mammals, and wildflowers 
depend on. The only alternative that will preserve this habitat is the alternative that avoids all 
diversion of water from the Gila River. The analyses performed so far do not do an adequate 
job of predicting effects on these rare species of North America. They fail to anticipate the 
quantitative impacts on populations of these rare North American species.

############# Glenn Griffin General Partner, GGila Tree Thinner gilatreethinners@ 3701 Tracy Circle Silver City NM 88061 United States

I attended your public scoping meeting of July 9, 2018 in Silver City, NM. and would like to 
comment on the the NM Unit proposed action. 

The proposed storage ponds in the Gila River floodplain, those along Bear Creek, south  NM 
State Highway #211,the road leading into Gila, NM will be flooded away and filled in with silt. 
Back in the 1990's I was a video reporter for KRQE-TV13 CBS and on two separate 
occasions the bridge crossing Bear Creek was destroyed by two 100 year floods. The flood 
water was wall to wall in the valley. Your proposed 4,000 acre-feet of storage will be filled in 
with gravel and silt by the next 100 year flood. If there was a map of the proposed ponds I 
could draw in how wide and devastating those floods were. Those storage ponds will have to 
be cleaned-out and rebuilt with every semi-frequent 100 year flood.

Locating the storage ponds in the flood plain will result in a loss of the public's taxpayer 
funding. Rebuilding these same storage ponds will result in further loss of the public's 
taxpayer funding- it will be costly to rebuild.

There are endangered spikedace and loach minnow in the Gila River that must have a 
minimum in-stream flow to survive periods of of ecologically critical times. The proposed 
action eliminates the Interstate Stream Commission's 150 cubic feet per second flow. The 
diversion will dewater the river, leading to extended periods of dewatering, especially when 
we are in drought conditions such as this year, 2018.

Your proposed diversion dams will limit the recreational use opportunities we have now like 
swimming on a hot summer day. It will be hard to get through a chain-link fence to get to the 
river to cool-off.

############# Jody Benson Retired LANL Ear Retired Los Alamoechidnaejb@gma 3547 Pueblo Dr Los Alamos NM 87544 USA

I support the non-diversion option. The $80-100 million designated to build this project is only 
the funding New Mexico anticipates receiving from the federal government to develop water 
from the Gila and perhaps its tributary, the San Francisco River. But it’s not clear how much 
of that estimated $100 million will be left in the fund when the time comes to break ground. 
This project is not only a waste of dollars, but of water, a resource much more valuable than 
cash.
I do not support the diversion because, in part:
 •The plan has yet to be finalized. As far as the public knows, there is still no defined scope. 
 •Along with undefined scope, the costs don’t seem to be confirmed.  New Mexicans know 

how much the federal government is offering, but we do know what the final cost to 
taxpayers will be. The project seems to be expanding in both scope and price. 
 •The public does not want this project.  Public meetings show that there is little support even 

from the farmers that the water is supposed to serve.
 •The state has already spent millions on engineering contractors, attorneys, salaries, grants, 

meetings, and studies. The inability of the State to develop a plan despite the approximately 
$15mil already spent on that plan, certainly reduces confidence that the State will be able to 
actually and finally create the plan it has already spent much of its federal money on.

Finally, we are sacrificing the last wild river in NM for...something...we don't know what.  If we 
need the water for agriculture in the future, NM can decide at that time whether the diversion 
will serve the need.  Now is not the time to do something with a very limited resource.  
Climate change will limit all resources, including water. There is no data showing the land will 
become wetter. The data do, however, show that water will become more limited. This 
project does not serve future generations, let alone the future of NM agriculture.

I support the do-nothing option.

############# Mike Hasson handlebarmike@g43 Hollimon Rd Glenwood NM 88039 United States

This is a complex issue.   Developing a full understanding of all the possible impacts is 
difficult at best for the average citizen.  The lack of information, or at least the difficulty in 
locating such information, is disturbing.   Many people, including myself, are concerned about 
hydrological impacts to wells and perennial stream flows in stretches of the San Francisco 
where a perennial flow is a normal condition.  Information presented at the public information 
meetings regarding San Carlos Reservoir was inaccurate.  It was reported that San Carlos 
Reservoir has not met the required 30,000 acre-feet of storage that would trigger diversion 
for 5 to 7 years  - not accurate per USGS website - and that over decades of historical data 
this requirement had only been reached in approximately 50% of the time - also untrue per 
the USGS website.  The rush to complete the NEPA process and EIS is also disturbing.  I 
love downstream (the river bisects my property) of the proposed Weedy Canyon storage on 
the SanFrancisco River (approximately 10 miles?) on a section of the river that has been 
perennial since we moved here 20 years ago.  Can I be assured that this perennial flow will 
not be impacted by the Weedy Canyon storage?  And will our well be impacted?  Predictions 
for future climate trends are often for dryer, more drought-prone periods here in the SW.  
We've been told that the target benefactors of this proposed diversion of water will be 
agricultural interests.  Why would a citizen support this project unless they are an agricultural 
entity?  Especially when there is so little known about the possible negative impacts for non-
agricultural users?  I would ask that these potential impacts are more fully studied before the 
plan moves forward.  Ways for average citizens to access diverted water for domestic use 
and sustenance food production should be considered as well.

############# Antoinette Reyes antoinetterys@gmPO Box 3284 Mesilla Park NM 88047 United States

Please consider an alternative to the wasteful spending by the NM CAP entity. There are 
numerous shovel ready projects that would benefit tens of thousands of residents at a 
fraction of the cost of a gila diversion that would benefit very few. Not to mention the Gila 
river is the state's last free flowing river and the unique avian biodiversity in this region 
attracts visitors globally. We are risking the sustainability of local water supplies, the natural 
beauty and habitat that brings in revenue to local communities, and for what a wasteful 
project that would use all of the alotted funds while still seeking millions more.



############# Mary Ownby archaeologist Desert Archaeologjasmine-moon@m80016 Lobo Camp Grants NM 87020 US

I am writing to oppose any dam on the Gila River. This vital ecosystem needs to remain 
intact as it is the last refuge for many important species. Further, daming the river would 
greatly impact cultural resources that are significant to tribes in the area. Due to the recent 
drought and the continued warming of the Southwest, it is imperative that the river remain 
free to flow. Thank you for considering my comments.
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