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ABSTRACT

THE RESPONSE OF CLADOPHORA GLOMERATA

AND ASSOCIATED EPIPHYTIC DIATOMS TO REGULATED FLOW,

AND THE DIET OF GAMMARUS LACUSTRIS,

IN THE TAILWATERS OF GLEN CANYON DAM
CHRIS A. PINNEY

The biomass of the filamentous green alga Cladophora glomerata

and the species composition of the associated epiphytic diatom
community were analyzed over a 12 month period in the tailwaters of
Glen Canyon Dam, Arizona to determine their response to regulated
flow. C. glomerata biomass was significantly higher during periods
of steady flow compared to periods of fluctuating flow. Of the 94
diatom species identified as epiphytic to C. glomerata at Lees Ferry,
four co-dominant species comprised 78.6 to 95.2% of the species

composition from September 1985 through August 1986. Diatoma vulgare

and Cocconeis pediculus were the two co-dominant species most affected

by decreases in the host Cladophora biomass due to desiccation from

exposure. Fluctuating flows had less effect on the diatom Rhoicosphenia

curvata standing crop. Achnanthes affinis-minutissima standing crop

responded stochastically regardless of flow regime. These findings may
have significant management implications for the Lees Ferry rainbow

trout fishery.
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The freshwater amphipod, Gammarus lacustris proved to be an

opportunistic forager feeding on the four co-dominant epiphytic species
associated with Cladophora. These diatoms numerically comprised >93%
of the amphipod's diet at Lees Ferry. Ivlev's (1961) Electivity Index
(EI) suggested that Gammarus utilize diatoms based upon the epiphyte's
physiognomy. The mdre upright, loosely attached chain-forming D.

vulgare and the mucilage stalk-forming Rhoicosphenia curvata were more

readily ingested. The tightly adnate C. pediculus was difficult for
the amphipod to manipulate and ingest. Gammarus was mobile during
changing flow regimes and continued to utilize the four co-dominant
epiphytic species in similar patterns. In all cases, D. vulgare
dominated the amount ingested probably due to its greater cell volume.
These data suggested that Gammarus commonly grazed selectively on the
epiphytic diatoms without ingesting the host substrate, Cladophora
cells. The relatively small frustule dimensions and volume of A.

affinis-minutissima may increase its susceptibility to invertebrate

grazing.
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CHAPTER 1

INTRODUCTION

The free-flowing nature of rivers in the United States has been
modified over the past century through the construction of dams (Benke
1990). Since the 19th century dams have been constructed for flood
control, water storage, and hydroelectric power generation, in addition
to creating a wide diversity of recreational opportunities in fishing
and boating (Smith 1971). Sportfishermén have taken advantage of the
formation of both lentic warm-water and lotic cold-water fisheries as a
result of dam construction (Ward and Stanford 1979). Native fish
species adapted to natural pulse stabilization patterns of pre-dam lotic
ecosystems usually suffer from the effects of modified flows on the
dynamics of their food chain and reproductive habitat (Maddux et al.
1987). Modified flows also affect the production of the food web
components important to introduced game fish (Usher et al. 1986,
Leibfried and Blinn 1986).

The Glen Canyon Dam on the Colorado River is one of these
multipurpose structures. Upon completion in 1963, the bypass tunnels
were closed to store water for hydroelectric power generation,
incidental to delivery for consumptive use downstream and flood control.

The regulation of flow of the Colorado River was a primary purpose and




result. The constantly cold hypolimnetic releases into the Colorado

River were suitable for the production of rainbow trout, Oncorhynchus

mykiss, in the tailwaters of Glen Canyon Dam (Arizona Game and Fish
Department 1968).

The operation of Glen Canyon Dam has dramatically changed many of
the physical characteristics of the Colorado River in response to
allocated water delivery and seasonal peaking power demands within the
Colorado River Storage Project system. These flows changed the aquatic
ecosystem downstream (Glen Canyon Environmental Studies 1989).

Pre-dam flows in the Colorado River were characterized by seasonal
changes in magnitude, turbidity, and temperature (GCES 1989). Low
steady flows occurred during the fall and winter. Seasonal high water
transported sediments primarily associated with the summer monsoons and
spring runoff. Water temperature ranged from near 0°C in the winter to
27°C in the summer (GCES 1989).

Post-dam flows in the Colorado River fluctuated in frequency and
magnitude in response to seasonal consumer demand. Reduced flows
dominated during the filling period (1963-1980) of Lake Powell,
exceeding 16,000 cubic feet per second (cfs) 29% of the time (GCES 1989).
Daily fluctuations exceeding 10,000 cfs in magnitude occurred 78% of the
time during this reservoir filling period. In addition, the annual
spring flood spate characteristic to the seasoﬁal dynamics of the
pre-dam river was virtually eliminated until the 1983 high water year.

Flood releases were estimated to average once every four years under
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full reservoir conditions. This regulation of discharge allowed the
development of an "intertidal" zone along the Colorado River. The pre-
dam spring scour zone was invaded by riparian and herbaceous vegetation
during this period. Since 1983, high flows exceeding 16,000 cfs
occurred 83% of the time. Periods of stable flow increased the habitat
for algae and invertebrates available to foraging trout. Flood releases
greater than 45,000 cfs lasting longer than a month became more common
during the summer. Daily fluctuations greater than 10,000 cfs in
magnitude occurred 31% of the time.

The majority of the sediment historically transported by the
Colorado River is now deposited in Lake Powell, dragtically reducing
the turbidity in the tailwaters of Glen Canyon Dam. The hypolimnial
release from Lake Powell has also elevated nutrient levels and
decreased water temperature to a constant 10:200 irrespective of the
season (GCES 1989). One result of these physio-chemical changes in the
tailwater of Glen Canyon Dam has been the prolific growth of the

filamentous green alga, Cladophora glomerata Kutz.

Whitton (1970) provided the first review on the biology of
Cladophora. Additional studies have addressed the ecology of Cladophora
in marine systems or the Great Lakes (Storr and Sweeney 1971, Adams and
Stone 1973, Ronnberg and Lax 1980, Graham et al. 1982, Lowe et al. 1982,
Stevenson and Stoermer 1982). The effect of desiccation on Cladophora
in lotic systems, especially in response to regulated flows in the

tailwater of a dam, was relatively unstudied until Usher et al.
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(1986). They discovered that exposure periods >12h reduced the biomass
of Cladophora by 40%.

The mucilage free, profusely branched filaments of Cladophora
provide an excellent substrate for the attachment of epiphytic diatoms.
Four co-dominant diatom taxa grow epiphytically on C. glomerata in the
tailwater of Glen Canyon Dam (Usher et. al 1986). These include .

Diatoma vulgare Bory, Rhoicosphenia curvata (Kutz.), Cocconeis pediculus

Ehr., and the Achnanthes affinis-minutissima complex. Previous studies

hypothesized that this algal assemblage is an important food source for
rainbow trout in the Colorado River and may be responsible for the "Blue
Ribbon" status of the Lees Ferry fishery (Bancroft and Sylvester 1978,
Carothers and Minckley 1981, Pollack 1984, Leibfried and Blinn 1986,
Leibfried 1988). Trout digestive systems are characteristically not
adapted to herbivory (Willers 1981), however Leibfried (1988) proposed
that diatoms on C. glomerata provide rainbow trout with a nutrient
supplement allowing the fish to conserve body protein for growth.
Diatoms contain large amounts of soluble lipids making them a good
energy source (Lalonde 1979, Watanabe et al. 1979, Hilton and Slinger
1981, Pollack 1984). Usher et al. (1986) determined that desiccation
from winter and summer exposure periods negatively influenced diatom
standing crop. However, they did not determine the effects of
seasonality on diatom standing crop and species composition.

The mats and tufts of Cladophora glomerata were thought to provide

a refugium and a food source for the freshwater amphipod Gammarus

lacustris Sar (Haury 1981). Management agencies proposed that the high
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production of this crustacean in the tailwaters of Glen Canyon Dam was
responsible for increasing the growth rates of rainbow trout (Bancrof't
and Sylvester 1978). Although the post-dam physico-chemical changes
have created near optimal conditions for trout production, the near
conétant water temperature and modified flow regimes proved detrimental
to pre-dam river invertebrate biomass and diversity (Stone 1964, 1972).
Chironomids and oligochaetes were the only native invertebrates not
adversely affected by the operation of the dam (Carothers and Minckley
1981, Persons et al. 1985). The Arizona Game and Fish Department
introduced G. lacustris and snails (Physa) to the tailwaters of Glen
Canyon Dam in 1967 and 1968 to increase the production of rainbow trout
(AGFD 1968). G. lacustris readily adapted to the post-dam physico-
chemical modifications.

Since the introduction of amphipods to Lees Ferry it was widely
accepted among the management agencies that the most important food
item in the diet of the tailwater rainbow trout fishery was G.
lacustris. C. glomerata was thought to provide an important refugium
and relatively stable food source for maintaining the production of
Gammarus. Bancroft and Sylvester (1978) showed that G. lacustris
comprised 44% of the diet of rainbow trout stomach contents and C.
glomerata accounted for 34% of the contents. The occurrence of C.
glomerata found in the stomachs of rainbow trout during creel surveys
was thought to be incidental to the taking of G. lacustris. Carothers
and Minckley (1981) were the first to report that C. glomerata was

ingested by rainbow trout in a 2:1 proportion over G. lacustris.




Subsequent studies (Leibfried 1988) identified a 30:1 Cladophora-
Gammarus ratio. Leibfried and Blinn (1986) proposed that fluctuating
flow fragmented C. glomerata from its attachment and increased
Cladophora drift. Rainbow trout have apparently capitalized on the
increased amount of algal drift available for food requiring reduced
energy expenditure in searching for their nutrition.

It is evident that both the C. glomerata-epiphyte assemblage and
G. lacustris are important food items of rainbow trout in the tailwaters
of Glen Canyon Dam. If regulated flow regimes decrease the biomass of
C. glomerata, as indicated by Usher and Blinn (1990), then this in turn
would decrease the standing crop of the associated epiphyte assemblage
and G. lacustris, both important to the production of rainbow trout. No
previous research evaluated this relationship on an annual basis where
the effects of seasonal dynamics could be separated from the effects of
modified flow.

In addition, no previous research addressed the diets of
freshwater gammarid amphipods in regulated rivers to support the
hypothesis that nutrient-rich diatoms are important to G. lacustris.
Species related to G. lacustris have been utilized for laboratory
feeding experiments to examine the role of allochthonous leaf material
and associated bacteria to stream productivity (Hynes 1963, Minckley
1963, Minshall 1967, Nilsson 1974, Barlocher and Kendrick 1973a, b,
1976, Monk 1977, Anderson and Sedell 1979, Marchant 1981, Marchant énd
Hynes 1981, Willoughby and Earnshaw 1982, Fuller et al. 1986). Gammarus

was used because of its reputed role as a facultative shredder. Data




were usually gathered on the rate of loss of a certain vegetative

species and not the examination of Gammarus gut content. Deksbakh and
Sokolova (1965) were the first to show that G. lacustris ingested
macrophytic algae. Moore (1975, 1977b) had the most complete study
utilizing dissected gut analysis from field collected Gammarus. In the
laboratory, he showed that G. pulex and G. lacustrig differentially
ingested diatoms and avoided C. glomerata, however he did not analyze
for selective preference or avoidance of certain diatom taxa in
comparison to availability in the field.

Therefore the objectives of this study are: 1) to quantify the

effects of regulated flow on Cladophora glomerata and the associated

epiphytic assemblage in the tailwaters of Glen Canyon Dam, and 2) to

quantify the utilization of the Cladophora glomerata-epiphyte assemblage

by the detrital feeder Gammarus lacustris.




CHAPTER 2

METHODS

Lees Ferry is located 22.5 km downstream from Glen Canyon Dam on
the Colorado River in the northeastern part of Arizona (111° 35"
Latitude and 36052" Longitude), at an elevation of 942 m.

Flow data were recorded in average daily cubic feet per second
(cfs) from the U.S. Geological Survey gauging station at Lees Ferry
(USGS 1987, unpubl. data, Flagstaff, Arizona). For the purpose of this
study, fluctuating flow refers to flow that exceeded daily fluctuations
of 10,000 cfs which occurred October 1985 through February 1986. Steady
flow fluctuated less than 5,000 cfs daily which occurred March through
June 1986 for this study.

U.S. Geological Survey (1987) flow data showed that the operation
of Glen Canyon Dam during September 1985 through August 1986 resulted in
periods of strongly fluctuating flow intersected by a period of steady
high base flow following spring runoff (Fig. 1). During October 1985
through January 1986, daily fluctuations exceeded 10,000 cfs in
magnitude within zone 2 under low base releases. Zone 1 was
disproportionately exposed during this period. Fluctuations resulted in
the partial rewetting of zone 1 about every 2 to 3 days on the average

(USGS 1987). Zone 3 remained submerged all but 2 days when the upper 3m
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Figure 1. Representation of mean daily flow rates recorded at
Lees Ferry, Arizona during September 1985 through August 1986
(USGS 1987). Note that September 1985 through February .1986 was
a period of fluctuations greater than 10,000 cfs in magnitude at
least once a day in depth zone 2 and zone 1 was greater than 90%
exposed October through mid-January.
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became exposed for less than 12h. The base flow began to rise to 20,000
cfs during late January 1986 exhibiting fluctuating flow in zone 1 until
the end of February 1986. March through June 1986 was a period of
steady flow with daily fluctuations less than 5,000 cfs within zones 1-3
as a result of high water releases. The base flow exceedéd 25,000 cfs
submerging all 3 zones until July 1986. In May 1986, the hollow jet
valves of Glen Canyon Dam were opened to relieve flood potential
resulting in hypolimnion releases greater than 50,000 cfs into the first
week of June 1986. July and August 1986 returned to a period of
fluctuating flow within zone 1. Zone 2 remained submerged under
fluctuating flow in zone 1 greater than 75% of July and August 1986.
Zone 3 was continually submerged during these two months.

Water temperature recorded at the U.S. Geological Survey's Lees
Ferry gauging station indicated no discernable seasonal pattern
throughout the study, typical of the relative constancy of hypolimnetic
release dams. Figure 2 illustrates slight fluctuations in water
temperature in response to changing water depth and velocity due to flow
regime, varying <4°c throughout the study from a low of 8°C in April
1986 to & high of 12°C in December 1985.

Three depth zones were delineated at Lees Ferry for comparison
sampling. The following zone boundaries were constant in relafion to
changing flow patterns. A debris and bank erosion line at the 25,000
cfs water mark served as the standard marker for the uppermost shoreline

boundary of depth zone 1. Zone 1 extended in depth from the 25,000 cfs
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Figure 2. Mean daily water temperature at Lees Ferry, Arizona
resulting from hypolimnetic releases of Glen Canyon Dam during
September 1985 through August 1986 (USGS 1987).




12
to the 15,000 cfs water mark. Depth zone 2 extended from the 15,000 cfs
to the 5,000 cfs water mark. Depth zone 3 extended from the 5,000 cfs
to the 0 cfs water mark in the center of the channel. Zone 3 was
continually submerged and served as the control zone in which to
evaluate any natural seasonality patterns in Cladophora biomass.
Theoretically little, if any, seasonality would be expected at Lees
Ferry due to the relatively constant physico-chemical conditions of

hypolimnetic releases from Glen Canyon Dam.

Cladophora Glomerata-Epiphyte Assemblage

Random samples consisting of individual Hcm2 of the
Cladophora-epiphyte assemblage were scraped from the substrate surface
of 10 rocks within each depth zone at approximate monthly intervals from
September 1985 through August 1986. Invertebrates were removed from the
wet samples. The samples were immediately transferred to wire screen
drying racks for transporting to the laboratory. They were allowed to
air dry for at least 24h. In the laboratory, dried C. glomerata
filaments were separated from éilt and sand, placed in ceramic
crucibles, and oven-dried for 12h at 100-105°C. Distinquishable
sun-bleached filaments were separated from green filaments and analyzed
separately when feasible. The dried samples were removed from the oven
and weighed to the nearest 0.0001g on an analytical Mettler balance
(Model #H20T) to achieve dry weights. The dry weight samples were ashed
in a muffle furnace for one hour at 500°C (APHA 1975). The ash was

weighed to the nearest 0.0001g on the analytical balance. The ashed
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weight was subtracted from the oven-dried weight to determine the
ash-free dry weight for each sample (APHA 1975). Dry weights and
ash-free dry weights calculated in g/cm2 were converted to g/m2 for
ease of comparison.

One-half of the ash samples were oxidized by the 30% hydrogen
peroxide-potassium dichromate method (van der Werff 1955) to remove the
epiphytic diatom community from the assemblage. This provided a direct
method of correlating the C. glomerata ash-free dry weight with the
corresponding diatoﬁ standing crop and species composition from the same
sample. The remaining one-half of the ash samples were placed in 4 dram
vials and stored for backup or future enumeration. The oxidized samples
were concentrated and cleaned through four repetitions of a
centrifuge/decant/rinse series and brought to a constant volume of 10
ml. One-half of the cleared, homogenized, and concentrated sample was
pipetted onto an 18 mm coverslip, evaporated over low heat, and the
dried frustules were mounted in HYRAX media (Patrick and Reimer 1966).

Diatom species identifications were made at 1250x magnification
using a Zeiss phase-constrast microscope with the aid of Patrick and
Reimer (1966, 1975), Czarnecki and Blinn (1977), and Czarnecki (1978b)
as primary taxonomic references. At least 500 valves were counted from
each prepared slide and converted to diatom cells/cm2 of sampled
substrate area of C. glomerata . Relative cell volumes (um3) were
calculated by measuring the width, length, and height of a random sample
of 50 individual cells of each of the four co-dominant diatom species

(Moore 1975).
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Community specieé diversity for the epiphytic diatoms was

estimated for all samples using the Shannon and Weaver (1963) index:

where, s= the total number of species in a given sample, and pi= the
proportion of the ith species in that respective sample. This diversity
measure is appropiate for diatom studies where the total population is
too large for all members to be counted (Pielou 1966). The number of
taxa recorded for each sample was used for interpreting diversity
(Czarnecki 1978a). A subsample of a given population was processed and
the number of species present in any one given assemblage was assumed to
be close to the total number of species actually present in the total
community.

The difference in Cladophora biomass between the exposed depth
zones 1-2 and the control depth zone 3 was determined for each month and
a two-way analysis of variance (2x12 factorial design ANOVA) was
conducted. The difference in epiphytic diatom species composition and
standing crop between the period of fluctuating flow (159 days) when
depth zone 1 was exposed and the period of stable high flow (123 days)
when depth zone 1 was totally submerged was analyzed for each month.
Two-way (5x12 factorial design) and one-way ANOVA tests for individual

diatom species were conducted by month and flow regime. Subsequent
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Mann-Whitney U and Kruskal-Wallis nonparametric tests were utilized when
non-normalized distributions occurred. The Kruskal-Wallis test assigns
ranks distributed as a chi-square (XZ). The probability acceptance

level for the study was p=.05.

Sampling of Gammarus Lacustris Diet

Random samples of 20 individuals of the amphipod, Gammarus
lacustris were collected from the Colorado River at Lees Ferry between
1200 hr and 1600 hr for March, April, August, and September 1986 and
January 1987. Each of the 100 specimens were immediately preserved in
Transeau's solution (Prescott 1962). In the laboratory, each amphipod's
total length was measured to the nearest mm from the basal attachment of
the antennae on the head to the terminal posterior of the telson. The
complete digestive tract from the origin of the esophagus to the
terminal posterior of the anus for each individual was removed
manually. A wet mount of the entire tract for each amphipod was
immediately prepared and the number of C. glomerata cells and other

non-diatomaceous material (e.g. the red alga Rhodochorton, the

cyanobacteria QOscillatoria, other cyanobacteria, and detrital fragments)

were recorded. The entire sample was then brought to 10 ml of solution
and oxidized in a 30% hydrogen peroxide-potassium dichromate solution
(van der Werff 1955). This suspension was mounted in HYRAX for
identification and enumeration of ingested diatoms following the same
procedures described for the quantification of epiphyte species

composition. Cell numbers of the dominant taxa Diatoma vulgare,

Rhoicospenia curvata, Cocconeis pediculus, and Achnanthes
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affinis-minutissima were recorded. Residual diatom taxa were tallied

and combined under a single group to be analyzed as pooled samples.

Ten random samples (4cm2) of the C. glomerata-epiphyte
assemblage were scraped from the substrate surface of rocks within the
sample depth zones at Lees Ferry corresponding to the same time the
random samples of G. lacustris were collected in order to determine the
algal composition available to amphipod selection. The biomass of C.
glomerata and the species composition of the associated epiphytes were
determined by the same ash-free dry weight procedure previously
described (van der Werff 1955). Again, those co-dominant diatom taxa
mentioned previously were enumerated.

One-way and two-way analysis of variance (5x2 and 5x5 factorial
design ANOVA) computations were supplemented with simple correlation
tests to determine if G. lacustris selectively fed on specific diatom
epiphytes in the tailwaters of Glen Canyon Dam. These analyses were
based on the assumption that a low degree of variability in gut contents
is indicative of a high degree of selectivity (Ricklefs 1979).

Ivlev's (1961) Electivity Index (EI) was applied to the digestive
tract data to determine preference and/or avoidance for specific diatom

species utilized by G. lacustris. The measure of electivity is,

Zi = (ri-ni)(ri+ni)”}

where ri and ni are percentages of diatoms type i in the amphipod's diet

and diatoms type i in the environment, respectively. In Ivlev's
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Electivity Index, values near O indicate a generalistic foraging
pattern, while negative values approaching 1.0 suggest strong avoidance
and positive values approaching 1.0 represent high selectivity.
. In addition, Chesson's Alpha Index (1978) was used to compare the
frequency of important diatom species within the digestive tract of each
amphipod with the same diatom species epiphytic on C. glomerata in the

environment. The measure of preference in this analysis is,

m

m
E ai = 1 where rini_1 ( E rjnj-ln)-l. i=1, ..., m.
3=t

i=1

where ri and ni are the number of diatoms type i in the amphipod's diet
and environment, respectively. Alpha is expressed as a frequency of
selection where the higher numerical value correlates with the greater

the frequency in which G. lacustris selects for that diatom type.




CHAPTER 3

RESULTS

Cladophora Glomerata-Epiphyte Assemblage

The dry weight biomass of Cladophora glomerata in zone 1 was

significantly higher (F= 20.881, df= 1,11, p<0.01) during the months of
steady flow (588.9 g/mz) than during the months of fluctuating flow
(179.9 g/mz). The dry weight biomass of Cladophora in zone 2

averaged 485.1 g/m2 during months of steady flow to 284.6 g/m2

during months of fluctuating flow although a one-way ANOVA showed no
significant difference (F= 4.45, df= 1,9, p>0.05) between the pooled
monthly data due to the high degree of variance (Fig. 3). Cladophora
biomass in the continually submerged depth zone 3 showed no significant
difference (F= 2.24, df= 1,8, p>0.05) between months of steady flow
(407.3 g/m2) and months of fluctuating flow (344.6 g/mz).

An ANOVA conducted on mean dry weights of Cladophora in each
depth zone during each of the 12 months showed a significant two-way
interaction between zone and date of collection (F= 10.14, df= 8,16,
p<0.001). This interaction indicated that Cladophora dry weight
biomass varied with changing flow patterns in both fluctuating-versus-
steady regimes and base flow (Fig. 4). Zone 1 dry weight biomass

ranged from 450.0 g/m2 during steady, high base flow in September
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Figure 3. Mean dry weight standing crop of Cladophora glomerata
(+ s.e.) for depth zones 1-3 at Lees Ferry, Arizona. For
periods of fluctuating-versus-steady flow, zone 1 dry weights
were significantly different at p< 0.01. Zones 2 and 3 dry
weights were not significantly different at p> 0.05.
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Figure 4. Mean monthly dry weight standing crop estimates
(g/m“) of Cladophora glomerata for depth zones 1-3 collected
at Lees Ferry, Arizona during September 1985 through August
1986. For comparison purposes the graph representing mean
daily flow rates is included.
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1985 to a low of 84.5 g/m2 following 3 months of relatively
continuous exposure as a result of fluctuating flow. Cladophora dry
weight increased dramatically to 415.0 g/m2 in less than a month with

the onset of steady flow and increased base flow in March 1986. Dry

.weights continued to increase under high steady flow, peaking in

mid-July 1986 at 802.5 g/mz, until strong fluctuating flow in zone 1
resulted in decreased dry weights to 747.3 g/mz. Cladophora dry
weight in zone 2 followed the same general pattern with two
exceptions. First, dry weights dramatically increased to 685.3 g/m2
with the onset of fluctuating flow below the zone 2 water mark in
October 1985 from 202.5 g/m2 under high steady flow in September 1985
(Fig. 4). During this time a portion of zone 2 remained rewetted for
up to 12 h. Dry weights drastically decreased to 255.0 g/m2 in
November 1985 under continued fluctuating flow. The second exception
was a dramatic increase of dry weight to 801.8 g/m2 in August 1986
from 620.0 g/m2 in July 1986. Although the flow was strongly
fluctuating in zone 1, zone 2 remained submerged >90% of the time
during July and August 1986. Even though zone 3 remained totally
submerged, the effects of shallow water due to fluctuations in zone 2
appeared to influence the growth of Cladophora in zone 3 (157.5 g/m2
in December 1985 decreased from 552.8 g/m2 in October 1985). Dry
weights in zone 3 increased to 359.8 g/m2 in February 1986 in
relation to increased base flow above the zone 2 water mark resulting

in decreased light intensities reaching zone 3. Cladophora dry weight
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in zone 3 decreased to 152.0 g/m2 in March 1986 perhaps reaching a
tolerance limit in respect to light penetration with the onset of high
steady flow in zones 1 and 2. Dry weights remained relatively constant
at 662.5 to 677.5 g/m2 during July and August 1986 when the flow was
fluctuating within zone 1 and above both the zone 2 and 3 water mark.

An ANOVA conducted on mean ash-free dry weights of the

Cladophora-epiphyte assemblage in each depth zone during each of the 12
months indicated a significant two-way interaction between zone and
date of collection (Fig. 5; F= 17.96, df= 8,16 and F= 24.63, df= 2,16,
p<0.001). Subsequent one-way ANOVAs indicated that ash-free dry weight
values for months exhibiting steady flow were significantly greater
than months exhibiting fluctuating flow (Fig. 5) for zone 1 (F= 6.56,
df= 1,11, p<0.05) and zone 2 (F= 5.87, df= 1,9, p<0.05), but not for
the control zone 3 (F= 4.08, df= 1,8, p>0.05). These interactions are
shown graphically in Figure 6. The mean ash-free dry weight curves for
zones 1 and 2 closely mimic the peaks and troughs of the base flow
discharged through Glen Canyon Dam. The greatest decrease in ash-free
dry weight occurred between mid-October and late-November, declining
from 58.7 to 14.5 g/m2 in zone 1 and 82.8 to 53.5 g/m2 in zone 2
shortly after strongly fluctuating flow (Fig. 6). The lowest ash-free
dry weight in zone 1 was 6.8 g/m2 in February 1986 after the base
flow rose above the 15,000 cfs water mark defining zone 1. The flow in
zone 1 continued to fluctuate strongly while Cladophora was recovering
from 3 months of exposure with a low frequency of rewetting. The

ash~-free dry weight in zone 1 did not increase significantly until the
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Figure 5. Mean ash-free dry weight standing crop of Cladophora
glomerata (+ s.e.) for depth zones 1-3 at Lees Ferry, Arizona
comparing periods of fluctuating-versus-steady flow. Zones 1

and 2 significantly different at p< 0.05, zone 3 not significantly
different at p> 0.05.
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Figure 6. Mean monthly ash-free dry weight estimates (g/mz) of
Cladophora glomerata for depth zones 1-3 collected at Lees Ferry,
Arizona during September 1985 through August 1986. For comparison
purposes the graph representing daily flow rates is included.
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onset of steady flow in late-March 1986. Ash-free dry weights peaked
in June 1986 at 168.7 g/m2 following a month of floodlike discharges
greater than 50,000 cfs. The lowest ash-free dry weight in zone 2 was
8.2 g/m2 in December 1985 during the most dramatic period of
fluctuating flow under low base discharge from Glen Canyon Dam.

Ash-free dry weights were relatively stable under rising base
flow until the onset of steady flow above the 15,000 cfs water mark in
late-March 1986. The ash-free dry weight increased dramatically in
zone 2 to 99.8 g/m2 during late-March and April 1986. Ash-free dry
weights were assumed to peak in zone 2 during June 1986 when sampling
became physically limited. This assumption is based on the response of
zone 1 values for the same month when flood releases greater than
50,000 cfs occurred. Resumed sampling in July 1986 resulted in
decreasing ash-free dry weight from 134.1 to 117.6 g/m2 in response
to a month of strong fluctuating flow in zone 1. The Cladophora
ash-free dry weights for zone 3 varied slightly when analyzed by
collection date and were not significant (F= 1.68, df= 1,8, p>0.05).
The mean ash-free dry weight for the continually submerged zone 3
remained greater than either zones 1 and 2 under fluctuating flow
regimes. The curve for zone 3 closely mimic the increases and
decreases of base flow discharges under fluctuating flow. The ash-free
dry weight dropped dramatically from 100.1 g/m2 in November 1985 to
18.1 g/m2 in December 1985 in apparent response to an increased
magnitude of fluctuations in zone 2 (Fig. 6). January 1986 values

increased to 69.0 g/m2 likely in response to a dramatic increase in
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base flow above the 15,000 cfs water mark. Ash-free dry weights
leveled in February 1986, then decreased to 71.9 g/m2 in March 1986
with high, steady flow greater than 25,000 cfs resulting from flood
stage releases. A period of fluctuating flow in zone 2 returned during
July 1986 resulting in an increase in ash-free dry weight from 112.0 to
132.7 g/m2 (Fig. 6).

Ninety-three (93) different diatom species were identified in

zone 1 as epiphytic to Cladophora glomerata at Lees Ferry during this

study (Table 1). Four species were considered co-dominants and
comprised 78.6% to 95.2% of the species composition from September 1985
through August 1986 (Table 2, Fig. 7). Pooled data for the co-dominant

species annual mean (89.9%) were distributed as Diatoma vulgare 27.5%,

Rhoicospenia curvata 26.5%, Cocconeis pediculus 21.3%, and Achnanthes

affinis-minutissima 14.6% (Table 2).

An ANOVA conducted on mean diatom cells x 1Ou/cm2 showed a
significant two-way interaction between the individual co-dominant
species during months with fluctuating-versus-steady flow (Fig. 8, F=
4.57, df= 1,8, p<0.05). Kruskal-Wallis non-parametric tests determined

that all diatom species except A. affinis-minutissima were

significantly different within species by sample date (Fig. 9,

calculated value= 5.33, p<0.05). A. affinis-minutissima was the only

co-dominant epiphyte that significantly correlated with the other three
co-dominant species (49, 35, and 42%, respectively for D. vulgare, R.

curvata, and C. pediculus, df= 98, p<0.0001).
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Table 1. List of diatoms epiphytic on Cladophora glomerata collected at
Lees Ferry, Arizona during September 1985 through August 1986.

Phylum Chrysophyta
Sub-Phylum Bacillariophyceae
Class Centrobacillariophyceae
Order Eupodiscales
Family Coscinodiscaceae

Cyclotella michiganiana Skv.
Melosira granulata (Ehr.) Ralfs
M. varians Ag.

Class Pennatibacillariophyceae
Order Fragilaiales
Family Fragilariaceae

Asterionella formosa Hass.

Diatoma hiemale var. mesodon (Ehr.) Grun.
D. vulgare Bory

Fragilaria construens var. venter (Ehr.) Grun.
F. crotonensis Kitton

. leptostauron (Ehr.) Hust.

. leptostauron var. dubia (Grun.) Hust.
. vaucheriae (Kutz.) Peters

Synedra acus Kutz,

S. rumpens Kutz.

S. ulna (Nitz.) Ehr.

|21

Order Achnanthales
Family Achnanthaceae

A. flexella (Kutz.) Brun

. lanceolata (Breb.) Grun.

. lanceolata var. dubia Grun.

. lanceolata var. omissa Reim.

A. linearis (W. Sm.) Grun.

Cocconeis pediculus Ehr.

C. placentula var. euglypta (Ehr.) CI1.
Rhoicosphenia curvata (Kutz.) Grun. ex Rabh.
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Table 1 continued.
Order Naviculales
Family Gomphonemaceae

Gomphonema affine Kutz.
G. olivaceum (Lyngb.) Kutz.

G. parvulum Kutz.
G. subclavatum (Grun.) Grun.
G. truncatum Ehr.

Gomphoneis herculeana (Ehr.)

Family Cymbellaceae

Amphora coffeiformis (Ag.) Kutz.
A. ovalis (Ehr.) Kutz.

A. ovalis var. pediculus (Kutz.) V.H. ex Det.
A. perpusilla (Grun.) Grun.
ymbella affinis Kutz.
amphicephala Naeg. ex Kutz.
cistula (Ehr.) Kirchn,

laevis Naeg. ex Kutz.
microcephala Grun.
microcephala var. crassa Reim.
. minuta Hilse ex Rabh.
prostrata (Berk.) Cl.

. pusilla Grun,
sinuata Greg.

tumidula Grun. ex A.S.

QO
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Family Naviculaceae

Amphipleura pellucida Kutz.
Anomoeoneis vitrea (Grun.) Ross
Caloneis bacillum (Grun.) C1.
Diploneis puella (Schum.)

Mastogloia smithii Thwaites ex W. Sm.
M. smithii var. amphicephala Grun.
M. smithii var. lacustris Grun.
Navicula arvensis Hust.

cari Ehr.

cryptocephala Kutz.

cryptocephala f. minuta Boye-P.
cryptocephala var. veneta (Kutz.) Rabh.
cuspidata var. major Meist.
decussis Ostr.

exigua Greg. ex Greg.

graciloides Mayer

||| 2| 2|%|=
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Table 1 continued.

Order Naviculales
Family Naviculaceae

Navicula minima Grun.

miniscula Grun.

pseudoreinhardtii Patr.

pupula var. rectangularis (Greg.) 