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ABSTRACT

INTRODUCTION

The closing of Glen Canyon Dam in March 1963 marked akchange
in temporal discharge patterns in the Colorado River in Glen and
Grand canyons. Prior to closure, there was 1little daily
variation in discharge of the Colorado River in our study area.
Rather, the wvariation was seasonal, largely due to snowmelt
runoff with occasional summer floods and periods of drought.
Since the onset of regulated flows, the seasonal pulse in
discharge from snowmelt has continued, although much abated in
‘most years. Much of the variation now occurs on a daily basis
with dam releases dictated by needs for hydropower in the growing
metropolitan areas of the southwestern United States.

This study was conducted as part of the Glen Canyon
Environmental Studies (GCES), a multidisciplinary effort to gain
knowledge on the effects of current and proposed operations of
Glen Canyon Dam on the resources of the Colorado River and its
tributaries in Glen and Grand canyons. Objectives of the present
study were as follows:

1. Determine the distribution, relative abundancé, habitat
utilization, reproductive activity, movement, growth,
and food resource utilization of fishes of the Colorado
River and its tributaries;

2. Determine the relative importance of the mainstem
Colorado and its tributaries to life history stages of
native and introducedyfishes in the study areaj;

3. Assess the relative importance of natural reproduction
and artificial propagation (stocking) to the
maintenance of the trout fishery in the Glen Canyon
tailwater;

4. Evaluate and predict the effects of daily flow
fluctuations, due to operation of Glen Canyon Dam, on
native and introduced fishes to include direct effects
such as stranding, and those brought about by changes
in water quality, habitat availability, and food
resources, v




WATER CHEMISTRY .

During the course of this study mean and coefficient of
variation of daily flows at Lee”s Ferry, 26 km below the dam,
varied from 3,487 «cfs to 51,570 cfs and 0% to 100.57%,
respectively.

Except during periods of flooding when spillway releases
occur, discharge through the dam is drawn from the depths of Lake
Powell, more than 60 m below surface at maximum stage. These
waters are perennially cold, varying only from 6-12°C, and seldom
warm to more than 15.5°C at Diamond Creek. Tributary inflows
are generally warmer in summer and colder in winter than the
mainstem, but their combined discharge is insufficient to affect
the Colorado River.

Major ion proportions in the Colorado River are: Ca > Na >
Mg > K; and S04 > HCOj > Cl. Tributaries vary from dilute
dolomitic waters with high proportions of Ca, Mg, and HCO3 to
saline sodium chloride waters, but they produced only a slight
increase of Na and Cl proportions in the mainstream during this
study. Mean conductivity values increased only from 709 uS to
744 uS between the upper and lower reaches of the study area.

Mean mainstream NO3-NOj concentrations varied between 315
" ug/l and 350 ug/l with no apparent downstream trend. Tributaries
were more variable with means of 13-759 ug/l. Ammonia levels
were generally <5% those of NO3-NO, in the Colorado River and its
tributaries. Soluble reactive and total phosphate mean
concentrations exhibited a downstream increase in the
mainstream. Mean values ranged from 11.0-171.5 ug/l for the
former and 15.8-290.9 ug/l for the latter. Observed increases
were attributable largely to inputs from the Paria and Little
Colorado rivers. )

Molar N/P ratios in the Colorado River suggest that this
system, if nutrient limited in primary productivity, is limited

by phosphorus. Such limitation may not occur frequently,
however, except perhaps in the reach above the Little Colorado
River. Below the Little Colorado, dissolved ©phosphorus

concentrations increase, but this is accompanied by considerable
‘reduction in light penetration during flooding.



DISTRIBUTION AND ABUNDANCE

The Colorado River below Glen Canyon Dam has changed from a
system of endemic and warmwater species prior to and immediately
after closure of the dam to a system dominated by coldwater and
eurythermal fishes. Although some native species have persisted
through the dhanging environment, many have been extirpated
including Colorado squawfish, bonytail chub, roundtail chub, and,
probably, razorback sucker. Most warmwater species present in
1963 have either disappeared or decreased in abundance. Rainbow
and brown trout have increased due to stocking and a more
favorable environment.

Water temperature, clarity, food abundénce, fish stocking,
tributary locations, and backwater abundance seem to be important
factors to fish distribution in the river. Decreased water
temperature has been considered one of the primary reasons for
the extirpation of native fishes from regulated portions of the
Colorado River. Rainbow trout were collected throughout the
study area, though catch rates were highest in the tailwater.
Stocking of fingerling rainbow trout and the relative abundance
of food items may contribute to the abundance of trout in Reach
10.

Brown trout abundance in the river seems to have increased
since the examination of fish distribution by Carothers et al.
(1981)., Most of the increase has occurred in reaches 30 and 40
above and below the confluence of Bright Angel Creek. Brook
trout distribution declined with distance downriver. © Their
distribution appears to be controlled more by stocking and
dispersal downriver than by natural reproduction.

Other introduced species such as common carp and fathead
minnow were most abundant in the lower reaches of the river.
This may be related to higher water temperature.

Adult and larval bluehead sucker and speckled dace were most
abundant in the 1lower reaches. Most adult flannelmouth were
collected in Reach 10, with juvenile and larval fish in the lower
reaches. The lower portion of the river serves as an important
nursery and rearing area, and as these fish grow they distribute
throughout the river.

Adult humpback chub, though found 1in reaches 20-50, were
generally captured in the proximity of the Little Colorado



River. Most y-o-y and subadult humpback chub were collected from
reaches 30 and 50, where most backwaters occure.

Adult rainbow trout habitat use differed between reaches
above and below the Little Colorado River, perhaps due to
increased turbidity below the LCR. Rainbow trout fry selected
habitats with low or no current. Brown trout were caught in
areas without vegetation. ‘

Carp preferred habitats with slower water velocity. Fathead
minnow density was highest: along rums with vegetation.
Vegetation served to diminish current velocity and probably
provided substrate for food resources. Fluctuating flows may
affect population size, depending on the effect of creating
warmwater, isolated and connected, backwaters for reproduction,
and then flushing fish hatched in these environments back into
the mainchannel.

The higher wvelocity runs and sidechannels and rubble
substrate selected by bluehead sucker are probably feeding
areas. When water levels drop, these shallow areas are probably
exposed. Larval bluehead sucker were generally in shallow
backwaters and may also be affected by changing water levels.

Backwaters, where flannelmouth sucker catch was greatest,
may be feeding, resting and spawning habitats for this species.
If - water level fluctuates in 1late spring or early summer,
survival and eventual recruitment of this species <could be
limited. Speckled dace were collected from a variety of habitats
but seemed to be concentrated in backwaters and sidechannels
where waters were warmer thah the mainchannel.

Adult and subadult humpback chub were generally collected
along cliffs and boulders in the mainchannel. Vegetation did not
appear to be important. Y-o-y chubs were captured in sandy runs
and backwaters. Although 1larvae of other native fishes were
collected from mainchannel sites, no humpback chub larvae were
found outside the LCR, and mainchannel water temperatures are
probably lethal to larvae of this species. Mainchannel abundance
may be dependent wupon the carrying capacity and success of
reproduction within the LCR.

Colorado River backwaters are important nursery and rearing
areas for both native and introduced fishes (Valdez et al.
1986). Backwaters in our study area appear to be very important

)



to fishes during the period of spring through'early autumn. When
backwaters cool to near or below mainchannel water temperature,
abundance of fish decreases. Introduced fishes were generally
more abundant than natives in backwaters.

0f native fishes found in backwaters, flannelmouth sucker
and speckled dace showed a decline in CPUE and relative abundance
during the October 1985 fluctuating flows, whereas humpback chub
and bluehead sucker generally increased. Results could have been
much different if fluctuating flows had occurred during summer
when many of these species are in their larval stages. Larval
fish have much less mobility and are more vulnerable to river
currents than older, larger individuals.

TRIBUTARIES

Tributaries are important in maintaining both endemic and

introduced fish species of the Colorado River. Trout were
captured most frequently in winter and early spring when water
temperatures were lowest. Most native fish were found in

tributaries in late spring and summer when temperatures far
exceeded those of the mainchannel.

Native fishes and the introduced trout species also
demonstrated different use patterns by tributary type. Native
fishes were most common in streams classified as m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>