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DISCLAIMER

The opinions, findings, conclusions, and recommen-
dations expressed in this report are those of the

authors and do not necessarily reflect the views of the
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ABSTRACT

This study was designed to obtain microhabitat data for
trout species observed in the tailwaters below four dams operated
by the U.S. Bureau of Reclamation. The rivers studied were the:
Colorado River, Arizona; San Juan River, New Mexico; Gunnison
River, Colorado, and the Green River, Wyoming., Data collected
during this study were also compared to data collected previously
in the Green River, Utah,

Data were collected for two seasons: winter (December to
March) and summer (May to September). Data were collected during
winter and summer 1984 and winter 1985.

Observations of fish were made by a diver using a modified
scuba technique. Microhabitat variables were measured as nearly
as possible to each fish's precise location., The four variables
which were most pertinent in describing trout microhabitat were:
fish velocity, mean velocity, fish depth, and water depth. Sub-
strate was important during spawning.

Observations of fish were classified and analyzed according
to the physical activity of the fish, The three primary activi-
ties observed were stationary swimming, random swimming, and
spawning. Fish were separated into three groups using length
frequency data which approximated age 0, juvenile, and adult
trout.

The upper Colorado River drainage area experienced record

winter snowfalls beginning in the winter of 1983 and continuing



throughout the course of the study. Heavy runoffs caused by
these record snowfalls prevented sampling at the Green River,
Wyoming and Gunnison River, Colorado sites during summer 1984.
When diving could be conducted at these two sites, few or no
trout were observed. Winter emigration appeared to be occurring
from the Gunnison site. Winter emigration or very low trout
densities appeared to cause the lack of observations in the Green
River site.

In the Colorado River, trout used only limited portions of
the total habitat and were not equally distributed along the
course of the river, Seasonal differences in microhabitat
choices were not observed in this river. Annual microhabitat
choices in the Colorado River were essentially the same when
comparisons were made between the winters of 1984 and 1985. The
high flows that occurred throughout the study did not appear to
be excessive for the trout.

The density of trout observed in the San Juan River was
extremely high. It appears that the restrictive fishing‘regula-
tions applied in this section of the river were a major reason
for the high densities., Trout were utilizing lower water depths
and velocities in the San Juan than were observed in other
rivers.

When microhabitat data were compared among rivers, important
differences were observed. Microhabitat differences observed
during summer were reflective of physical differences among the

rivers., Differences observed among rivers during winter were

more diverse and appeared to be strongly influenced by tempera-
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ture. The differences observed among rivers indicated that
indiscriminate application of microhabitat data collected on one
river to other rivers has a high probability of producing erro-
neous results. But it also seems probable that, with an adequate
data base, ﬁicrohabitat variations among rivers can eventually be
predicted and data could be accurately applied to other rivers,
The relative size of an age group was found to be important
when making comparisons of microhabitat choices within the same
life stage. Microhabitat requirements for age 0 trout change
sufficiently that they need to be separated into at least two

sub=-groups based on size,






INTRODUCTION

Study Objectives

A basic objective of this study was to obtain microhabitat
data for all trout species observed in four different tailwaters
below dams which are operated by the U.S, Bureau of Reclamation
(USBR). Fish microhabitat data obtained in this study were
intended to be utilized in the IFG-U4 hydraulic simulation and
fish habitat model (Bovee and Cochnauer 1977, Bovee and Milhous
1978). The rivers to be studied were the: Colorado River, Arizo-~
na; San Juan River, New Mexico; Gunnison River, Colorado; and the
Green River, Wyoming (Figure 1). The trout species found in
these rivers were: rainbow trout (Salmo gairdneri), brook trout
(Salvelinus fontinalis), brown trout (Salmo trutta), and cut-
throat trout (Salmo clarki).

Comparisons were to be made for the same species among
rivers and between seasons for appropriate activities. The ob-
jective of comparing data among rivers was to determine whether
microhabitat data collected on one group of rivers could be accu-
rately applied to other rivers, or if variations in microhabitat
choices occurred among rivers for a given species., The USBR
currently has microhabitat data on brown trout from the Provo
River (Gosse and Helm 1979), and rainbow and cutthroat trout from
the Green River (Gosse 1982), that were collected using the same
technique that was used in this study. If microhabitat data can

be accurately applied among rivers, a great deal of effort and
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expense could be spared. If microhabitat data cannot be indis~
criminately applied across river systems, it might be possible to
determine which microhabitat variables are most likely to change
and how, |

Another ébjective of the study was to determine if major
changes in habitat preference or activity occur between winter
and summer seasons in any of the rivers. Rainbow and cutthroat
trout were observed to make major shifts in activity and habitat
choices between winter and summer in the Green River, Utah (Gosse
1982). These shifts required that different data sets be used to
accurately predict habitat preference between winter and summer,
At the beginning of this study, it was unknown whether such
seasonal shifts occurred in the rivers to be studied.

Data were collected by species, approximate life stage (age
0, juvenile, and adult), and physical activity of the fish for
two seasons: winter (December to March) and summer (May to
September). Data were collected during two successive winters:
December, 1983 to March, 1984 and December, 1984 to March, 1985
which are referred to as winters 1984 and 1985, respectively.
Summer data was collected only during summer 1984, Data were
further stratified by flow releases, when necessary, for a par=-

ticular river,
Site Descriptions

The upper Colorado River drainage area experienced extreme
weather conditions beginning in the winter of 1983 and contin-

uing throughout the course of the study. Record snowfalls oc-
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curred during winters 1983, 1984, and 1985 throughout the region.
These snowfalls caused heavy flooding during each subsequent
spring which, in many cases, extended well into the summer,
Problems from the record snowfalls were further compounded
by limited storage capacity in many of the reservoirs. In April,
1983 the water level at Fontenelle Reservoir, Wyoming was
restricted to 43% of normal storage capacity because of structur-
al problems with the dam (L. Morrison, USBR, personal communica-
tion). 1In addition, many of the reservoirs in the Colorado
drainage filled to capacity in spring 1983, This forced opera=-
tions at the various dams to bypass all additional flood water
downstream which further compounded flooding problems at down=-
stream reservoirs. Therefore, high flows and flooding were com-
mon during this study and, as a result, the study rivers were

often too turbid for successful observations.

Green River, WY

The study site on the Green River, Wyoming extended from
Fontenelle Dam downstream to the confluence with the Big Sandy
River, a river distance of approximately 46 km (Figure 2).
Fontenelle Dam is located approximately 56 km northeast of Kem-
merer, Wyoming.

This is a relatively low gradient section of the river
consisting primarily of glides with some riffles and pools but no
rapids. Water temperatures vary widely between winter and sum-
mer, ranging between 0-25 C, respectively (Banks et al. 1974),

Since the dam was constructed, mean releases have been 1600 cfs

with a mean annual range from 500-5,000 cfs (Banks et. al. 1974),




Rainbow and brown trout have been found in the river along with
spawning populations of kokanee (Oncorhynchus nerka). There were
extremely high standing crops of mountain whitefish (Prosopium
williamsoni) and suckers (Catostomus sp.) in this area., Common

carp (Cyprinus carpio) and sculpin (Cottus sp.) were observed

infrequently.

Gunnison River, CO

The study site on the Gunnison River, Colorado extended from
Crystal Dam downstream approximately 43 km to the confluence with
the North Fork of the Gunnison, Most of this area is located in
the Black Canyon of the Gunnison and was inaccessible by boat,
Only two areas were accessible for study: from the confluence
with the North Fork upstream approximately 6.5 km; and from
Crystal Dam downstream approximately 3 km to the Gunnison Tunnel
diversion (Figure 3). Crystal Dam is the lowest dam in the Wayne
Aspinal Unit, which also includes Morrow Point and Blue Mesa
Dams,

In the upper study section, the river is quite restricted by
the surrounding canyon and consists primarily of deep glides with
some small riffles., In the lower study section, approximately
the first 4.5 km of river upstream from the North Fork confluence
is unrestricted by the broad canyon through which it flows. ‘The
river is relatively broad and shallow here and consists primarily
of a series of shallow fast glides and riffles, Midstream depths
often range between 1 to 2 m, depending on flows. Some side
stream pools and back eddies are found, but depths are still

usually less than 3 m, The upper 2 km of the lower study section
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flows through a very narrow gorge, with sheer rock cliffs along
much of the shore. This part of the river consists primarily of
deep glides with occasional rapids and back eddies.

Flows in the upper study section are determined by releases
from Crystal Dam. Flows in the lower study section are also
effected by irrigational diversions from the river through the
Gunnison Tunnel, Maximum capacity of the dam's turbine is 1,770
efs, with normally about 1,000 cfs diverted through the Gunnison
Tunnel during the summer. The USBR currently maintains a minimum
flow of 200 cfs in the river below the tunnel.

The extreme snowpack and resulting runoff in 1983 required
bypassing additional water around the turbine from May to Septem-
ber resulting in an average total release during this time of
4,000 ¢fs and a maximum release of 10,000 cfs. These were the
highest flows released down the river since the first dam, Blue
Mesa, was closed in 1965.

Again in 1984, water was bypassed from January to September
with a mean releése during this time of 3,600 cfs and a2 maximum
release of 10,000 cfs. Water temperatures normally range between
2-11 C at the tunnel diversion (Wiltzius 1978).

Brown and rainbow trout have been found in the study area
with both species having some natural reproduction in the river
(Nehring and Anderson 1983)., Common carp were also observed
during this study. Wiltzius (1978) provides a thorough descrip-

tion of the other species found in the Gunnison drainage, as well

as a history of the diversion and dam development on the river.




Colorado River, AZ

The study site on the Colorado River extended from Glen
Canyon Dam near Page, Arizona downstream to the confluence with
the Paria River (Figure 4)., The total river distance is approx-
imately 25 km. The USBR established an IFG~4 site between river
kilometers 14-18, This area was heavily sampled during this
study, especially for adult and spawning microhabitat,

During the time of this study, the upper normal release from
the dam was 27,000 cfs. This upper level reflected the fact that
one turbine at a time was constantly inoperative for rewinding
purposes. The current upper capacity through the turbines is
approximately 32,000 cfs (L. Morrison, USBR, personal communica-
tion). Minimum releases from the dam are normally 3,000 c¢fs from
April to September and 1,000 cfs during the remainder of the
year. In 1983 and 1984, the excess runoff caused by the heavy
winter snowfalls at upstream sites cumulated in Lake Powell.
The reservoir filled during spring 1983 and continued filling to
several meters above design capacity. Excess releases were
bypassed around the turbines from June to August 1983 with a
maximum total daily release of 90,000 cfs. Releases were
bypassed again in 1984 from May to August with an approximate
average release during this time of 40,000 cfs (J. Gough, USBR,
personal communication).

Throughout 1984 and 1985, whenever water wasn't being
bypassed, releases from Glen Canyon Dam were usually at the cur=-
rent maximum capacity of the turbines as a result of the high

water situation. The flows encountered throughout this study
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were therefore abnormal in that they were consistently at, or
above, the normal release range. Releases were also steady for
months at a time, as opposed to the normal operations at Glen
Canyon which often produce large daily or weekly fluctuations,
depending on electrical demand.

Water temperatures in the Colorado remain relatively con-
stant throughout the year, ranging between 8-11 C. Most of the
river in this section is comprised of glides. There are some
deep areas and back eddies, but few distinet pools. There are no
rapids in this section and there are only a few areas which
become riffles during low flows.

The only species of trout observed while diving were rain-
bow and brook. Cutthroat trout were occasionally observed in
creels, but were never detected while diving. Suckers (Catosto-
mus sp.) were regularly observed while diving, and common carp

were occasionally observed.

San Juan River, NM

The study site on the San Juan River extended from Navajo
Dam, New Mexico downstream to Gobernador Wash, a river distance
of approximately 11 km (Figure 5). Navajo Dam is located approx~
imately 32 km northeast of Bloomfield, New Mexico. Releases from
the dam normally range between 500-1500 cfs. The dam currently
has no hydroelectric turbine and releases are controlled by irri-
gation demand and reservoir levels. For this reason, releases
are usually fairly steady within a season.

The San Juan has a low gradient with low average velocities

at the flow release observed during this study. It varies be-




tween wide, shallow, and often braided riffles with intermittent
pools; and relatively deep, slow glides., Much of the riparian
land in the upper section is a marsh which serves as a flood
plain for the river.

Water clarity was poor at this site much of the time, proba-~
bly resulting from a combination of high flow releases and the
fact that Navajo Reservoir filled and inundated shore area which
was usually dry. When data were collected, it was only in the
upper 3 km of the study site because turbidity increased as one
progressed downstream. With the exception of one brown trout,
rainbow trout were the only trout observed while diving in this
section of the river. Rainbow and cutthroat trout are both
stocked in the river. Brown and cutthroat trout were reportedly
mofe common in lower parts of the river,

Special angling regulations were in effect on the upper
portion of this site from Navajo Dam downstream 5 km to Simon
Canyon. The upper 1 km of this area was a catch and release only
section, while the remaining 4 km had restricted catch and size
limits. Both sections were restricted to artificial lure use

only.
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METHODS
Microhabitat Variables

Fish microhabitat has been defined preyiously(Gosse 1982)
as being ". . . those physical (and occasionally chemical or
biological) variables which define the precise location occupied
by a fish, and which would or could change with small changes in
a fish's location.,” "Microhabitat™ or "microhabitat variables"
will be used in this paper to refer to those physical variables
which appear to be used by the fish to select their location.

Seven physical variables were measured for each microhabitat
observation and are presented in the summary tables in Volume II.
These seven variables are: fish velocity, mean velocity, fish
depth, water depth, distance to the nearest thigmotactic surface,
overhead 1light, and substrate type. Fish velocity, mean veloci-
ty, fish depth, water depth, and substrate were the most perti-
nent variables for describing microhabitat of trout observed
during this study and are the only variables discussed in this
report.

Fish velocity is defined as the water velocity measured at
thé exact location where the fish was observed., Mean column
velocity was measured at four-tenths of the water column height,
measured from the river bottom, occupied by the fish. Both
velocity measurements were made to the nearest 3 cm/sec using an

electronic current meter.



Water depth was normally measured using a diving depth gauge
which could be corrected for altitude. Normally the diver car-
ried two depth gauges which were checked against each other to
insure accurate readings. In some cases where observations
occurred in less than 1 m, a calibrated rod was used to provide
greater accuracy. Water depth was measured in the exact vertical
column occupied by the fish,

Fish depth, defined as the distance of the fish from the
river bottom, was estimated by the diver to the nearest 5 cm.
When fish depth was greater than 1 m, the diver used a depth
gauge to assist in estimating fish depth.

Thigmotaxis is defined as a taxis in which contact witha
so0lid body is the orienting factor. Fish are often not in con-
tact with any solid body but they may remain in close proximity
to one. The nearest thigmotactic surface was defined as the
closest solid object or objects to the fish, which included the
stream bottom, attached vegetation, submerged roots, and boul-
ders,

Substrate type was recorded as rock (>30 c¢m), rubble (8-30
ecm), gravel (0.3-8 cm), sand or silt (<0.3 cm), or other. The
presence of plants growing on the original substrate was also
recorded.

The level of overhead light reaching the fish was measured
in foot-candles, but is presented in the summary tables as a
percentage of full sunlight (1.076 x 105 1x), Measurements were

made by the diver using an illuminance meter encased in a water-

proof housing. Because obtaining light interfered with other
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study objectives and since it was unimportant in defining micro-
habitat for the trout species observed in this study, it was not

recorded during either winter,
Fish Subgroups

Observations of fish were classified according to the physi-
cal activity of the fish., Fish which maintained a stationary
position by actively swimming against a current were classified
as stationary swimming. Swimming without orientation toward a
current (observed only in low velocity water) that did not pro-
duce a net change in location was defined as random swimnming.
Fish that remained stationary with no swimming motion (often by
lying on the river bottom) were regarded as resting, Resting
activity was observed only rarely in this study, usually for
emergent fry, and is not presented in the summary tables in this
report. Spawning activity was defined as fish actively engaged
in spawning, redd excavation, fanning, and redd defense,

Fish were separated into three groups using a combination of
size frequency data and habitat choices for all observations made
on a particular river for each season. These groups were in-
tended to approximate age 0, juvenile, and adult trout and are
referred to as such in the text of this report. They are not
exact in that no independent determinations such as scale read-
ings were made to determine age. Additionally, considering that
the populatiqns studied were usually a combination of naturally
reproduced and hatchery stocked fish, no division would be com=-

pletely accurate, Although these divisions may not be perfectly
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accurate chronologically, each group displays a cohesiveness in
terms of habitat choices and activity. Trout do choose dis-
tinetly different microhabitat with increasing body size, and the
three age groups reflect these different choices quite well, The
summary tables in Volume II use the size categories for each

group rather than the terms age 0, Jjuvenile, or adult.

Observations of Fish

A modified scuba method was used to observe fish (Gosse
1981a, Gosse and Helm 1982). The diver wore an exorbitant amount
of weight to facilitate remaining stationary on the stream bottom
in the strong currents. The diver moved in an upstream direction
to approach the fish from below and behind. An exhaust system
vented air bubbles away and downstream from the diver to avoid
frightening the fish, A surface to diver sonic transceiver
allowed the diver to communicate with the surface personnel. The
diver measured each microhabitat variable and relayed the data to
the surface personnel for recording. During the first year of
the study, velocity readings were made by the surface personnel
after the diver had placed the underwater probe in the proper
location. A fully submersible velocity meter which the diver
could operate unassisted was used during the second year of the
study.

A modified dry suit and full face mask protected the diver
from cold water., The risks posed from the modified diving proce-~

dures were reduced with special safety training and equipment

including: special weight release systems, multiple buoyancy
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systems, a separate emergency air supply, and surface tenders in
radio communication with the diver.

Travel within the study sites was done by boat. During most
of the study, a 7T m aluminum hulled boat with an inboard motor
and a jet drive was used., A 4 m inflatable raft with an outboard
motor and jet boot was also used during the second winter to
provide more and safer access in the smaller rivers. The surface
personnel would perform their duties during the dive from the
boats in order to be immediately ready for emergency rescue.
Whenever possible, the boats would be beached with the engines
turned off to reduce static to the sonic transceivers.

Under normal circumstances, fish were not frightened by the
diver. However, when water clarity became marginal fish would
become frightened before the diver could approach closely enough
for species identification. Occasionally, fish were attracted to
the diver when he had dislodged invertebrates from the substrate,
Data were not taken for fish that were disturbed (either attrac-
ted or frightened). Fish that were traveling through the area
observed by the diver were also not used for data, since they
were not truly choosing microhabitat locations while being ob-
served. Fish can, and will, travel through nearly all portions
of the rivers studied, but they will occupy only certain areas;
i.e., their microhabitat.

Variables were measured as nearly as possible to each fish's
precise location., In situations where conditions changed over
small distances, the fish's head or snout was used to define its

location., For example, cover seeking fish may have their head in



shadow while the rest of their body is in bright light. Or, a
large fish may place its head in low velocity water immediately
behind a small rock with higher velocities occurring all around
including the area where its tail is located. When several fish
were observed in the same microhabitat (i.e., an area with steady
conditions), measurements were made in a location representative
of the entire area, usually near the middle of the group.

Snorkeling was used occasionally as a technique to cover
large sections of river in an effort to find areas where trout
were located. This was done when diving proved consistently
unproductive, If trout were found, dives were then conducted to
collect microhabitat data. Snorkeling was used for scouting
purposes only and microhabitat data was not collected using this
technique.

Sampling effort was distributed throughout whatever portion
of each study site was accessible and had adequate visibility.
All major types of habitat were sampled within the accessible
portion of each site., This would include categories such as
pools, glides, riffles, near-shore and midstream habitat. Some-
times a pattern would develop in which trout were likely to be
found in certain habitat types and to be absent from others.
Since microhabitat data could be collected only where trout were
present, there was a propensity to make more dives in areas where
trout were expected to be found rather than in areas where trout
were consistently absent. Thus, in terms of macrohabitat, sam=-

pling effort was more representative of population distribution

than of total habitat availability. However, because a certain
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proportion of divers were always made in each habitat type, those
containing few trout were probably sampled in greater proportion
than their actual use by the population. When trout could not be
found in a study site, sampling efforts were broadened to search
all possible locations and often large sections of the study
sites were snorkeled,

Depending upon the number of trout encountered, each dive
often covered several macrohabitat types and would always encom-
pass a wide range of microhabitat variables, For example, a
diver might start in a glide, move from shore towards midstream,
continue upstream through a back eddy with lateral movements to
check both quiet and high velocity areas, and finally travel back
to shore at the top of the back eddy. Within these several
macrohabitat areas, a wide range of velocities, water depths, and
substrates would be encountered. Thus, whatever biases occurred
in choosing macrohabitat areas for diving were greatly dampened
in terms of the actual microhabitat sampled. Often the total
range of values encountered on even a single dive was broader
than the range utilized by the trout for the different microhabi-
tat variables, The profuse number of changes for each microhabi-
tat variable which normally occurred during each dive precluded

inadvertently selecting for specific microhabitat values.

Data Analysis

All data were collected as numerical codes on columnar data
sheets from which they could be directly entered into computer

files., Data input was verified a minimum of three times. Data
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files were separated into subfiles by activity and flow for each
season and river. A series of programs (one for each micro-
habitat variable) was then used to produce the summary tables in
Volume II directly from the data in the subfiles.

Student's t test was used to test for differences between
two means. Analysis of variance was used to test for differences
among three or more means. In cases where the null hypothesis
was rejected (F was significant), Fisher's least significant dif-
ference (Ott, 1977) was used to compare all possible pairs of
sample means, The values necessary to perform these tests (vari-
ance, parameter sum of squares, etc.) were computed by the pro-
grams which produced the summary tables. The chi-square test of

independence was used to determine whether the frequency of

activities changed seasonally.
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RESULTS
Summary Tables

Volume II contains all of the summary tables for the
~different microhabitat variables from which the text tables in
this report were compiled. These summary tables are intended to
be used in the construction of Habitat Suitability Indices neces-
sary for the PHABSIM (Bovee 1982) model. The summary tables are
organized by season, river, activity, and flow, as indicated in
the Volume II Table of Contents. Within each of the appropriate
subdivisions, summary tables of the different variables are pre-

sented along with pertinent statistics.
Green River, WY

Work was conducted on the Green River, Wyoming on three
different occasions: October 1983, October 1984, and December
1984. Our primary objectives in October 1983 were initial train-
ing of the crew and to familiarize ourselves with the study area.
Rainbow trout were observed on at least one occasion, but no data
were taken. During this period, poor water clarity made data
collection only marginally successful. By December 1983, tempera-
tures were too low for diving. Extreme cold and heavy snowfall
kept this study site unworkable throughout winter 1984,

Heavy snowfall produced continual flooding in the study site
from late spring through summer 1984, This flooding caused

severe turbidity which again made the river unworkable.
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Structural problems with Fontenelle Dam necessitated reducing the
reservoir level at this time, further augmenting the flood condi-
tions in the river,

By October 1984, flow releases had returned to normal,
Although October was outside of our definitions of winter and
summer seasons, data collection was attempted at this time in the
hope of obtaining some data from this site. However, a heavy
algal bloom in the reservoir during October kept the water
unworkably turbid.

When we returned to this site in early December, the water
had cleared up and winter conditions were rapidly setting in.
Most of the river was already ice-covered or totally blocked with
ice flows., Approximately 14 km of river remained open to naviga-
tion and sampling. Water temperatures were at or near 0 C, while
midday air temperatures were -11 C or lower.

Initial diving in December 1984 produced very few observa-
tions of trout and only one from which data could be collected,
although many whitefish and suckers were observed., As a
consequence, snorkeling was used to try to locate concentrations
of trout. The entire section of river open to sampling was
snorkeled, with less than ten trout observed along the entire
distance although hundreds, if not thousands, of whitefish and
suckers were observed. Two more dives were conducted in the
stilling basin just below the dam., Two brown trout were observed

during these dives. Both were well concealed deep within the

crevices of the rock substrate. Considering that the water depth




was between 3~-5 m here, this strong use of cover might be thought
unusual,

The combination of logistical difficulties encountered at
this site and the low trout densities observed precluded obtain=-
ing an adequate data base with a reasonable amount of effort.
For this reason, no further diving was conducted at this site.
Data analysis of three observations would be biologically and

statistically meaningless, so this was not done.
Gunnison River, CO

Sampling was attempted on the Gunnison River four times
during the study: November 1983, February 1984, March 1984, and
February to March 1985, Many of the weather conditions that
caused problems at the Green River site also caused problems at
this site., Persistent rain produced turbid conditions in Novem-
ber 1983. Record snowfall during winter 1984 necessitated
release of above normal flows from Crystal Dam in anticipation of
heavy spring runoff. This caused turbid conditions to persist
throughout the winter,

During each of the sampling periods in 1983 and 1984, dives
were made extensively in the lower section of the study area,
from the confluence with the North Fork upstream to about 2 km
above Smith Fork. Visibility was usually adequate to see fish
from 0.5-1.5 m away, although species identification was not
always possible at these distances.

Over the course of these three sampling periods, dives were

made in all of the pools and back eddies in this section at least



once, and usually several times, Dives were also extensively
conducted in near-shore habitat., Midstream habitat was sampled
to a lesser degree, since the above normal flows produced high
velocities which made it unlikely that many trout would be found
in this area. During the February 1984 sampling period, dives
were made in two pools between the North Fork confluence and
State Highway 92 (below the study area).

During the first three sampling periods, no trout were
observed from which data could be obtained. Generally, few if
any fish were observed per dive and most of the fish that were
identified were common carp, which usually could be approached
closely enough for observation. Although a trout was occasional-
ly identified, it was always frightened away before it could be
approached closely enough for species identification. Age 0
rainbow trout were observed at the head of an irrigation diver-
sion approximately 1.5 km above the North Fork confluence; how-
ever, microhabitat data were not recorded for them, since they
were not in the natural channel of the river.

The upper study section was not normally sampled in 1983 and
1984 because there were no boat launch sites thefe and the river
was too deep for the surface crew to wade. This section provided
better visibility than the lower study section because it was
immediately below the dam. Because we were having difficulty
locating trout in the lower section, this section was snorkeled
in February 1984 by two divers from 100 m below the dam down-

stream to the Gunnison diversion, a distance of about 3 km. A

total of three trout were observed in this entire section.
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Heavy runoff from the 1984 winter snowpack caused flow
releases to remain much above normal throughout the spring and
summer; this made the water too turbid to sample., As a result,
sampling wasn't attempted in summer 1984 on the Gunnison.

Poor water visibility persisted into winter 1985, but in
late February and early March, sampling was again attempted on
the Gunnison., By this time an inflatable raft had been made
available that could be carried to the river and launched in the
upper section of the study site. Water visibility was adequate
at the beginning of this sampling period (2-3 m). Two dives were
made in the upper section, but no trout were observed. Three
dives were also made in the lower study section. No data were
collected during these dives, but trout were briefly observed
during one dive.Before more dives could be made, runoff from

snownmelt reduced visibility to near zero.
Colorado River, AZ

Sampling schedule and flow releases
Winter 1984

Observations were made intermittently on the Colorado River
from December 1983 to early March 1984, Releases from the dam
were consistently high during this period in anticipation of a
heavy spring runoff., Data presented for this season were collect-
ed during releases ranging from 25,000-25,800 cfs.

Much of the sampling effort for this season, especially
during December and January, was directed toward observing spawn-

ing activity. A large percentage of the dives were conducted in
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the upper half of the study section, which included the IFG-4

site, where most spawning was then occurring.

Summer 1984

Data were collected for summer from 20 May through 8 August
on the Colorado River. During most of this period, abnormally
high flows were being released as a result of heavy spring flood-
ing. In addition to releasing the maximum amount of water possi-
ble through the generating turbines, additional water was also
being released through the hollow jet tubes. The extra high
flows occurred during most of the summer season, from May through
20 July. Flows ranged from 33,700-43,200 cfs with a median
release during days of observation of 41,900 ¢fs. Observations
made after 20 July were during flows ranging between 24,000~
26,700 cfs.

Although sampling was conducted in all parts of the study
site, it was more heavily concentrated in the lower half. Trout
densities were much greater in the lower part of the study site

and much more data per dive could be obtained by sampling there.

Yinter 1985

Data were collected during the second winter season from
January through March on the Colorado River. Releases from the
dam were again consistently high because of expected high spring
runoff, except during the last week in March when flows varied.

All data presented for this season were collected during releases

ranging from 24,000-27,000 cfs.




No data for spawning activity were taken during this season,
The level of active spawning was quite low by the time sampling
began in January; so effort was concentrated on collecting data
for the other activities which had been given a lower priority
the previous winter., Sampling efforts were again more concen-
trated in the lower half of the study site where trout densities

were greatest,

Spegies composition and activity

Over the course of the study, rainbow trout were normally
observed much more frequently than were brook trout (Table 1).
However, age 0 brook trout were observed more frequently than age
0 rainbow during winter 1984, The age 0 brook trout had been
stocked during the previous fall. Age 0 rainbow which had been
stocked at the same time had grown enough that they were classi-
fied as juveniles by the winter season. The age 0 rainbow that
were observed during winter 1984 resulted from natural reproduc-
tion. No age 0 trout of either species werg observed during
winter 1985. Juvenile rainbow trout were observed much more often
than were brook. Adult brook trout were observed commonly during
spawning, but in about a 1:7 ratio with rainbow trout.

Adults and Jjuveniles of both species were observed
stationary swimming more often than random swimming during both
seasons on the Colorado River (Table 1). Usually 70-90% of the
trout observed were engaged in stationary swimming. Age 0 brook
trout during winter was the only group observed during random

swimming more frequently than stationary swimming.



34

Table 1. The number of fish observed for different activities in
the Colorado and San Juan Rivers by season,

Rainbow Brook

Activity Age 0 Juvenile  Adult Age 0 Juvenile  Adult

Colorado River

Winter 1984 and 1985

Spawning 0 1 59 0 0 8
Stationary

swimming 13 379 9y 32 0 10
Random

swimming y 122 10 T1 0 0

Summer (all flows)

Stationary

swimming 348 281 208 0 7 6
Random

swimming 88 116 7 0 1 3

San Juan River

Stationary

swimming 0 132 433 - - -
Random

swimming 58 59 153 - - —
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Stocking efforts

Age 0 rainbow and brook trout were stocked in the Colorado
River during fall 1983 in equal numbers but at different sizes
(Table 2). This difference in size, possibly coupled with dif-
ferential growth rates, resulted in the recently stocked rainbow
trout being placed in the Jjuvenile category and the brook trout
in the age 0 category during winter 1984,

The next stocking occurred in June 1984 and consisted of
rainbow trout only, as did all subsequent stockings (Table 2).
Most of the age 0 rainbow trout observed in summer 1984 were from
the June stocking, with a few observations of naturally repro-
duced rainbow trout. The naturally reproduced age 0 trout
observed in summer chose habitat similar to the stocked trout.

Summer sampling on the Colorado had ceased before the August
and September 1984 stockings occurred. The fish stocked at these
times achieved adequate size to be considered juveniles by winter
1985. The trout stocked during February and March 1985 were
also in the juvenile size range.

All of the stocked trout appeared to be in good condition
and well adjusted to the river habitat whenever they were ob-
served. This was true even for the trout stocked in June 1984
during the extra high flow period, Recently stocked trout were
usually observed in groups and were normally located close to

shore.

General distribution of trout
All of the trout stocked in 1983 and 1984 were released from

/ the boat launch at Lees Ferry. They usually were found within
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Table 2. Record of trout stocked at Lees Ferry, Colorado River,
by Arizona Game and Fish®* during the course of this

study.
Season First Number Species Average
Observed Date Stocked Stocked Stocked Length (cm)
Winter 1984 12 Oct 1983 10,000 rainbow 11
12 Oct 1983 40,300 rainbow 11
27 Oct 1983 30,000 brook 8
27 Oct 1983 20,000 brook 8
Sunmer 1984 13 Jun 1984 25,000 rainbow 9
Winter 1985 24 Aug 1984 25,000 rainbow 8
28 Aug 1984 28,000 rainbow 8
4 Sep 1984 20,000 rainbow 8
4 Sep 1984 30,000 rainbow 8
14 Feb 1985 5,000 rainbow 18
14 Mar 1985 10,400 rainbow 18

#Information provided by Dr. S. Reger, Arizona Game and Fish,
Flagstaff, AZ, -
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approximately 0.8 km of the boat launch for at least the first
seven months after they were stocked. During the June 198l
stocking, densities appeared somewhat higher below the boat
launch than they were above., This may indicate a slight amount
of downstream drift after planting. No observations were made
below the Paria riffle to determine if stocked trout had drifted
below that point.

Densities of juvenile trout were noticeably highest from the
lower end of the study site to about 6.5 km above the boat
launch, while the area within 2 km of the boat launch had the
greatest concentration of juveniles.

The smaller adult trout also were more concentrated in the
lower part of the study site during the non—épawning period, but
to a much lesser degree than were Juveniles or age 0 trout.
Larger adults (40+ cm) appeared to be equally dispersed through-
out the study site, with a possible numerical decrease in the
immediate vicinity of the boat launch., Spawning trout were
observed in the upper half of the study site more frequently than
in the lower half,

Throughout the study site, and regardless of overall densi-
ty, trout were usually found in relatively shallow water for all
activities, with average water depth ranging between 1.,5-4.0 m
(Table 3). Considering that the central river channel is often
9-14 m deep and sometimes more, trout were selecting the
shallower sections of the river., Trout were primarily located

close to shore as opposed to utilizing midstream areas. To a

lesser extent, trout were found in midstream sections of the
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river when water depths remained uniformly shallow across the
channel.

There was no indication of trout concentrating within pools
or slow water habitat during either winter or summer. The only
major change in trout distribution between winter and summer
observations was the absence of spawning activity and the lack of
large adults in the shallow spawning areas during the latter

season.

Natural reproduction and spawning
Natural reproduction

Some age 0 trout resulting from natural reproduction were
observed during winter 1984, A few of the naturally reproduced
trout were collected for independent species identification by
Bruce Bonebrake, Utah Division of Wildlife Resources, All of the
trout collected were identified as rainbow trout. They represent
the only age 0 rainbow trout observed during winter 1984,

These naturally reproduced trout could be differentiated
from stocked trout because they were much smaller in size (3 cm)
than the stocked trout (=15 em). The naturally reproduced age 0
trout were observed between 11-21 km upstream from the boat
launch, while none of the recently stocked trout were observed
more than 2 km above the boat launch. The naturally reproduced
age 0 trout were generally found within several meters of the
shore edge, usually in shallow (<0.3 m) and low velocity water,
The type of habitat these newly emergent trout were selecting
comprises a very small and limited part of the total river

habitat,
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What were believed to be naturally reproduced age O rainbow
trout were also observed during the summer., They were smaller
than the recently stocked age 0 rainbow and were found many

kilometers upstream from any of the stocked age 0 trout.

Spawning

Spawning activity was observed throughout the season during
winter 1984, from December to early March. Based on reports from
professional river guides, spawning activity had probably begun
as early as October that year., No actively spawning trout were
observed during winter 1985, although redds which were old and
beginning to silt over were found in January.

Most of the spawning was observed either near shore or in
some of the small braided parts of the river that cross the two
islands located at approximately river miles 8.5 and 12. Many of
these areas are not inundated during lower flow releases. Re-
ports from professional river guides indicated that much of the
spawning which had occurred earlier in the year took place on
mid-stream gravel bars. Flows and water depths were probably
lower during this earlier period than when our observations were
made.,

Rainbow and brook trout were often observed using redds
ad jacent to each other and appeared to choose very similar spawn-
ing habitat. There was no significant difference (P<0.05) in fish
depth between the two species (Table 4). For unoccupled redds,
fish velocity was measured at a depth of 10 cm. There were no

significant differences (P<0.05) among the three groups for fish

velocity (Table 4)., Water depth was significantly greatest
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Table 4, Average values and sample number ( ) for four
microhabitat variables in the Colorado River for the
activity of spawning during winter 1984,

Fish Fish Mean Water

Depth Velocity Velocity Depth

Species (cm) (cm/s) (cm/s) (cm)

Rainbow 12 A 29 A 4o A 78 A
(59) (59) (59) (59)

Brook 11 A 24 A 33 B 116 B
(8) (8) (8) (8)

Unoccupied Redds - 27 A 40 B 61 C
(78) (78) (78)

#Average values for a specific variable which do not share a
common letter were significantly (P<0.05) different.
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(P>0.05) for brook trout and significantly lowest (P>0.05) for
unoccupied redds. But the differences among means were not great
and rainbow trout were observed spawning in a greater range of
water depths (50-400 cm) than were brook trout (50-200 cm).
Spawning substrate was exclusively gravel for both species and

for unoccupied redds.

Size differences within age groups

Comparisons will be madé in the following sections to deter-~
mine whether annual, seasonal, or flow level changes produced
differences in microhabitat choices, Microhabitat choices for
rainbow trout will also be compared among different rivers in
subsequent sections. One of the difficulties in making such
comparisons is that variables other than the one of concern will
also be changing. Differences in species strain and origin,
river size and flow release, temperature, diet, and relative size
of a particular life stage could all potentially produce changes
which might be attributed to the variable being compared.

Some of these potential differences can be held stable by
making comparisons on the same population of fish within the same
river, The first comparisons which will be made fall into this
category., When comparisons are made among rivers, fewer varia-
bles can be controlled or even accounted for, and any difference
among rivers can potentially result from numerous sources, in-
cluding those mentioned above,

One variable which can at least be examined for differences,

if not held constant, is average fish size within a 1ife stage.

It is important to consider whether such differences in fish size




43

occur, since a particular life stage, especially age 0 and juve=-
niles, can choose different microhabitat as they increase in
size.

Table 5 provides comparisons of mean fish length within life
stages for different categories and will be referred to through-
out this section on comparisons., Statistically significant
(P<0.05) differences between means are indicated. The fact that
a statistically significant size difference was found between
groups does not necessarily imply that the two groups were chocs-
ing different microhabitat, especially when the differences were
proportionally small. Rather, if statistically different choices
in microhabitat were observed, a difference in size may be part

of the reason.

Comparisons between years: winter 1984 and 1985

One of the purposes in having the study continue through two
winter seasons was to determine whether yearly fluctuations in
microhabitat choices would be observed. A second purpose in
comparing data from the two winters is to see if they can be
reasonably combined into one large data base, Winter flows
during 1984 and 1985 in the Colorado River were essentially
identical (25,000-26,000 c¢fs and 24,000-27,000 cfs, respective-
ly), making comparisons easier., The following categories had an
adequate number of observations for both years to enable valid

comparisons: Jjuvenile rainbow trout during random and stationary

swimming, and adult rainbow trout during stationary swimming.
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Juveniles

Juvenile rainbow trout had significantly (P<0.05) different
mean lengths between the two winter seasons (Table 5), This
difference in size was probably a result of later planting in the
summer of 1983 than in 1984,

The difference in size for juveniles probably accounts for
the differences observed in fish and water depth between the two
years (Table 6). Generally, as fish become larger they choose
both greater fish depth and water depth.

For the activity of random swimming, fish and mean velocities
in 1985 were only 40-50% of the values observed in 1984 (Table
6). Remembering that juveniles were larger in 1985 than in 1984,
this seems unusual, since larger fish generally are found in
higher velocities.

For the activity of stationary swimming, mean velocities
were not significantly (P>0.05) different. There was a sig-
nificant difference (P<0.05) in fish velocity during stationary
swimming. However, the small difference between the means
(4 cm/s) probably has little biological meaning. In addition,
this small difference is within the range of fluctuation normally

found for currents flowing at the speed of the observed means.

Adults

Adult rainbow trout had no significant (P>0.05) differences
for fish depth nor for fish and mean velocities between the two

years (Table 6). Only water depth was significantly (P<0.05)

different between the two years.
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Comparisons between flows: summer extra high ahd normal high

One of the major objectives in collecting microhabitat data
in the tailwaters below dams was to be able to predict the ef-
fects of changes in release patterns from the dam upon the trout
populations. Very few fluctuations in release patterns were
observed because of the high water situation which persisted
throughout this study. The one season when flow changes did
occur was summer 1984, in the Colorado River. Extra high re-
leases (33,000-43,000 cfs) occurred from spring until mid-August
1984 because water was bypassed around the turbines. Flows then
went to normal high releases (24,000-27,000 cfs) for the rest of
the summer. Only for the activity of stationary swimming were
adequate numbers of observations made to make comparisons between
flows.

Juvenile and adult rainbow trout both were significantly
(P<0.05) different in size between flows (Table 5). The’mean
size of juveniles decreased during the later normal high flows
because fish which had been classified as age 0 earlier had now
grown enough to be in the juvenile classifications, thus skewing
the mean size downward. The mean size of adults increased,
reflecting the growth that occurred during the season. These
changes in size within a life stage must be taken into considera-
tion when making comparisons between the two flows.

For age 0 rainbow trout, mean values for all four microhabi-
tat variables were significantly (P<0.05) different between flows

(Table 7).
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Fish depth was significantly (P<0.05) less during normal
flows than it was during extra high flows for all three life
stages (Table 7). For juveniles and adults, there were no signi-
ficant (P<0.05) differences for fish or mean velocity between the
two flows, Water depth decreased slightly with the normal high
flows for both juveniles and adults. This decrease was signifi-

cant (P<0.05) for Jjuveniles but not for adults,

Comparisons between seasons: summer and winter

An objective of this study was to determine if the
pronounced seasonal changes in microhabitat choices observed in
the Green River, Utah (Gosse 1982) would be observed in other
river systems. The Colorado River was the only site in this
study where both winter and summer data were collected.

For this comparison between seasons, data from both winter
1984 and 1985 were combined into one, as were the data from both
flow levels during summer 1984, Both age 0 and juvenile rainbow
trout had significantly (P<0.05) different mean lengths between
winter and summer (Table 5). The size difference between the age
0 groups was probably biologically significant since the summer
group was four times longer than the winter group. The size
difference between juveniles was unlikely to have biological
implications since there was only a 20% increase in size between

groups.

Statjonary swinming

Age 0 rainbow trout had significantly (P<0.05) lower mean

values for winter than during summer for all stationary swimming
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variables (Table 8). These differences are exactly what would be
expected from the difference in size between the two groups, with
little if any effect from seasonal differences. The age 0 trout
observed in winter were newly emergent (from natural repro-
duction) and occupied shallow, low velocity, near-shore areas,
which is typical habitat at this stage. The age 0 trout observed
during summer were capable of occupying deeper and faster water.
They were usually still close to shore, but not nearly as close
as those observed in the winter,

Stationary swimming juvenile and adult rainbow trout exhib-
ited some significant (P<0.05) differences in mean values for
variables between winter and summer, but no clear trends (Table
8). For variables that did have a significant difference in
means between seasons, examination of the total ranges and fre-
quency distributions did not indicate any distinctive shifts in
microhabitat choices between seasons, The low number of observa-
tions for adult brook trout during either.season make it diffi-
cult to say whether any changes occurred and would help account

for the lack of significant (P>0.05) differences found (Table 8).

Random swimming

For the activity of random swimming, adult rainbow trout
exhibited no significant (P>0.05) differences between seasons
(Table 8), but again low sample numbers make it difficult to say
whether changes were occurring. Juvenile rainbow trout did have
significant (P<0.05) and large differences for all variables

except fish velocity during random swimming. Examination of the

total ranges and frequency distributions for fish and water depth
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did indicate a major shift in microhabitat choice between sea-
sons. Juvenile rainbow trout wefe~choosing deeper quieter areas
for random swimming during the summer than they used during

winter.

Activity

Stationary swimming was .cgnsistently the dominant activity
for rainbow trout during both seasons (Table 9). For age 0 and
juveniles, there were no significant differences in the propor-
tion of occurrence for the activities between seasons. The
increased proportion of adults engaged in random swimming during
winter over summer was statistically significant (P<0.05). Low
sample size (Table 1) for random swimming adults may have ac-
counted for this difference. In any case, random swimming was a

minor activity for adult rainbow trout during either season.
San Juan River, NM

No data were collected from the San Juan during either
winter season due to the poor visibility in the river. Although
water clarity continued to be generally poor throughout the
summer, it did improve in August and September. Data were
collected from 21 August through 7 September during a constant
release from the dam of 800 cfs. As mentioned previously, poor
water clarity allowed for data collection only in the 3 km of
river immediately below the dam.

The most dramatic aspect of microhabitat observations in

this section of the river was the high numerical density of the

trout. It was virtually impossible to go underwater without
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Table 9. Percentages of rainbow trout engaged in stationary and
random swimming during winter 1984 and 1985 and summer
1984 in the Colorado River,

Life Stage
Season Activity Age O Juvenile Adult
Winter Stationary - 76 76 90
Random 24 24 10
»
Summer Stationary 80 71 97
Random 20 29 3

#Indicates a significant (P<0.05) difference in frequency of
activity between seasons.,
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being surrounded by trout. The majority of these fish appeared
to have very good condition (K) factors. Despite their phenome-
nal density, there was no sign of stunting.

Trout were observed throughout this section of river in both
the glide and pool areas. Considering that pools represented a
smaller percentage of the total habitat area than glides, there
may have been a slight preference by the trout for the pool
habitat, Adult and juvenile trout were most often observed
stationary swimming while age 0 trout were only observed random
swimming (Table 1).

Age 0 trout were found predominantly in near-shore areas or
in back eddies and side channel pools, The small average size (5
cm) of these age 0 trout (Table 5) indicates that they possibly
resulted from natural reproduction, but very precise stocking
records would be necessary to confirm this. The low mean water
depth and mean fish velocity indicate that the age 0 trout were
selecting very limited parts of the total river habitat
(Table 10).

Both average water depth and fish velocity were low for
juvenile and adult trout for both activities (Table 10) compared
to other rivers. This is probably reflective of the overall
habitat in the San Juan, which is a low gradient and relatively
shallow river compared to the other intermountain rivers from

which microhabitat data has been obtained. This idea will be

examined more thoroughly in the next section.
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Table 10. Average water depth (em), fish velocity (em/s), and
sample number ( ) for rainbow trout during the
activities of stationary and random swimming in the San
Juan River during summer 1984,

Life Stage
Variable Activity Age 0 Juvenile Adult
Water Depth Stationary - 195 (132) 207 (433)
Random 73 (58) 204 (59) 228 (153)
Fish Velocity Stationary - 18 (132) 19 (430)

Random 6 (58) T (59 10 (153)
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Comparisons Among Rivers

As mentioned in the Objectives section, an understanding of
microhabitat variability among rivers can help determine how
widely microhabitat data can be applied. With data collected in
this study and previously in the Green River, Utah (Gosse 1982),
comparisons can be made for rainbow trout between two rivers for

winter and among three rivers for summer.

Winter: Green River, UT and Colorado River, AZ

A combined data set from both winter 1984 and 1985 on the
Colorado River was used for this section. Data for the Green
River, Utah was from winter 1981, with all flow levels combined
(Gosse 1982).

The age 0 life stage was not available from the Green River,
so only juvenile and adult rainbow were compared. Both life
stages had significantly (P<0.05) different mean fish lengths
between the two rivers (Table 5) although the biological impli-
cations may not be great because there was only a 3 cm difference

between the means.

Statiopnary swimming

For the activity of stationary swimming, fish and mean
velocities were significantly (P<0.05) higher in the Colorado
River than in the Green for both life stages (Table 11). Water
depth was significantly (P<0.05) greater in the Green River for

juvenile rainbow trout but there was no significant (P>0.05)

difference for adults between the two rivers, Fish depth for
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both life stages was nearly identical between rivers, with no

significant (P>0.05) differences.,

Random swimming

For the activity of random swimming, both fish and water
depth were significantly (P<0.05) higher in the Green River than
in the Colorado for juvenile rainbow trout (Table 11). Fish
velocity was also significantly (P<0.05) higher in the Green
River for this group, but the difference was small.

There was no significant (P>0.05) difference in fish nor
water depth for adults during random swimming. Both fish and
mean velocities were significantly (P<0.05) lower in the Colorado
River than in the Green, but this difference ﬁas most probably a
result of small sample size in the Colorado River for this activ-
ity. The frequency distribution of adults in the Colorado River
was similar to that found in the Green for both fish and mean
velocities.

Summer: Green River, UT; Colorado River, AZ; and
San Juan River, NM

Data compared in this section was collected in summer 1984
for the‘Colorado and San Juan Rivers during this study and in
summer 1981 for the Green River, Utah (Gosse 1982). Both extra
high and normal high flows were combined for the Colorado River.
A combination of all flow releases was used for the Green River
data base. The San Juan had a constant release for all data
obtained from it.

There were significant (P<0.05) differences in mean fish

length among all rivers and life stages except between adult
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rainbow trout for the Colorado and Green Rivers (Table §). The
size differences among adults probably had little biclogical
implications., The size difference between age 0 trout in the
Colorado and San Juan Rivers was proportionally large enough to
be biologically significant. Juveniles in the Green River had a
smaller mean length primarily because somewhat different length
categories had been used during this study and the Jjuvenile
category included some fish that were classified as age 0 in the
other two rivers. This difference in size could have produced

some differences in microhabitat choices.

sStatiopnary swimming

For the activity of stationary swimming, there were general-
ly more differences than similarities among the mean microhabitat
variables for the three rivers (Table 12). These trends in
variable choices were consistent, however, and reflected the
differences in the three rivers,

For both juveniles and adults, fish velocity was signifi-
cantly (P<0.05) lower in the San Juan than in either the 