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The closure of Glen Canyon Dam in 1963 turned a river that was charactEristically warm and
muddy into a cold clear on€, and greatly affected the biota of the river corridor, particularly the
native fishes (Valdez and Ryel 1995). Native fishes extirpated from the system include Colorado
squawfish (Ptychocheilus lucius),bonytail chub (Grla elegans),and roundtail chub (Gita robusta).
Razorback sucker (Xyrauchen texanus), if still present, is extremely rare and probably not
reproducing (Minckley 1991). Viable populations of only four native species remain (Minckley
1991): humpback chub [(Gila cypha) listed as endangered (U.S. Fish and Wildlife Service 1990)];
flannelmouth sucker (Catostomus latipinnis); bluehead sucker (Catostomus discobolus); and
speckled dace (Rhinichthys osculus). Humpback chub and flannelmouth sucker are species of
special concern in Arizona (AGFD in preparation). Environmental changes in the mainstem
Colorado River have largely restricted spawning of native fishes to tibutaries, thus greatly reducing
the available rearing habitat for these species.

The controlled daily fluctuations in the relatively clear Colorado River'of today differ greatly
from pre-dam conditions. Prior to impoundment by Glen Canyon Dam, the Colorado River, Iaden
with sediment, undetwent large, seasonally predictable floods, peaking in May and June (Valdez and
Ryel 1995). These floods probably created and maintained a system of backrvaters similar to those
created by high discharge in the system today (Rubin et al. 1990; Schmidt 1990). Pre-dam mean
annual mar<imum flowwas 86,617 cfs (Stevens 1983) and reached 300,000 cfs (Carothers and Dolan
I 982).

Water in the Colorado River through Grand Canyon is now largely supplied from hypolimnial
discharge from Lake Powell through Glen Canyon Dam, which operates as a peaking power
hydropower facility. Post-dam mean annual maximum flow is 27,898 cfs, ranging from 1,000 -
31,500 cfs (Stevens 1983). Post-dam flows fluctuate on a daily basis, instead of a seasonal basis,
with a peak flow and low flow within every 24-hour period. Since closure of the dam, in 1963,
through July 1991, daily discharge release pattems fluctuated widely wittr no restictions on ramping
rates (Figure 1). Discharge peaked in the early aftemoon and could reach 31,500 cfs. Low discharge
occurred during the early moming and could reach 1,000 or 3,000 cfs, depending on the time of year.
On I August 1991, interim operations were implemented, restricting daily flow fluctuations to a
range of 5,000 - 20,000 cfs. Maximum discharge is now 20,000 cfs and the minimum cannot drop
below 8,000 cfs from 0700h to 1500h and 5,000 cfs at night (Figures 2-4). Ramping rates are also
restricted to 2,500 cfs per hor:r up and 1,500 cfs per hour down. From June 1990 through 1994, low
steady flows have been released periodically for research purposes.

Tributaries also contribute to the discharge of the Colorado River in Grand Canyon and provide
spawning areas for native fishes. Most notable is the Little Colorado River (LCR), which joins the
mainstem Colorado River at river mile 61.5 (river mile [RM]) is distance downstream from Lee's
Ferry = RM 0). Since closure of the dam, the LCR and Paria River (RM 0.9) are the major sources
of sediment input into the system (Andrews 1991). Floods in these tributaries can cause high
discharges of sediment-laden water into the Colorado fuver and result in the formation of numerous
sand deposits and associated backwaters (Schmidt and Graf 1990). However, these backwaters are
generally temporary and are usually formed in the mainstem just downstream of the sogrce tributary.
The Paria River (RM 0.9), Bright Angel Creek (RM 87.62), Shinumo Creek (RM 103.6), tcanab
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Creek (RM 143.5) and Havasu Creek (RM 156.93) are other major tributaries which providc
spawning areas for native fishes. However, these tibutaries ar€ not as conducive to rearing of larvat
and juvenile native fishes due to limited accessibility, high numbers of predators, and/or declining
conditions during the summer

Backrvaters are pockets of quiet water connected to the mainchannel with liule or no flow, and
are usually formed in eddies where scouring occurs during high flows. As water levels drop, a
reattachment sand bar is exposed, partially isolating the eddy return channel and forming the
backwater I refer to Rubin et al. (1990), Schmidt (1990), and Schmidt and Graf (1990) for detailed
discussions on backwater formation and sediments in the Colorado River, Grand Canyon].
Backwaters and other slow water habitats add to the diversity of the riverine environment (Chart and
Bergersen 1992). Due to changes in mainstem habitat caused by dams, particularly decreased water
temperature, backwaters have become increasingly important as rearing areas for larval and juvenile
native fishes in the Colorado River system (Holden i978; Valdezand Clemmer 1982; Carter et al.
1985; Maddux et al. 1987) because they provide sheltered habitats with warmer water that contains
greater densities of food than the mainchannel (Cole and Kubly 1976; AGFD 1994). However,
fluctuations in dam releases can inundate or dewater backwaters, reducing their ability to support
juvenile fish. These fluctuating flow regimes force small fish into the mainchannel where they are
stressed by cold temperatures and high velocities and are more susceptible to predation (Lupher and
Clarkson 1994).

The studies addressed herein use a number of sampling protocols and gear types. Six general
objectives were addressed in an attempt to understand the effects of Glen Canyon Dam on the
ecology of the fish communities and their habitats in the Colorado River, Grand Canyon.
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Fig. 1. Mean, minimum and maximum daily discharge f rom Glen Canyon Dam (top) and
mean daily stream discharge in the Colorado River at Lee's Ferry and Grand Canyon
(Phantom Ranch) and f rom the Little Colorado River (bottom) during 1gg1 .
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mean daily stream discharge in the Colorado River at Lee's Ferry and Grand Canyon
(Phantom Ranch) and from the Little Colorado River (bottom) during 1992.
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mean daily stream discharge in the Colorado River at Lee's Ferry and Grand Canyon
(Phantom Ranch) and from the Little Colorado River (bottom) during 1993.
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SAMPLING AREA AND PROTOCOLS

During Phase I of Glen Canyon Environmental Studies (Maddu:r et al. 1987) the Colorado River,
Grand Canyoru from Lee's Ferry to Diamond Creek was divided into four sampling reaches (Table
l; Figure 5). The number of backwaters and their characteristics varied greatly within each reach
and over the four years of sampling.

Three different sampling protocols, Type A, Type B, and Oppornrnistic sampling, were used for
backwater, mainchannel, and tributary mouth sites. In addition, Quarterly Samples (consisting of
benthic invertebrate, zooplankton, and sediment samples) were collected from one location within
each reach. Datasondes (DataSonde II, Hydrolab Corporation) were also opponunistically placed
in mainchannel and backwater sites. Appendix I summarizes all of the sampling sites and the types
of samples collected at each site. Specific methods are provided for each objective later in this
report.

Type A Sampling
Type A sampling was implemented at backwater sites. This intensive protocol was designed to

assess environmental conditions and fish population size at the existing river stage and estimated
discharge. Environmental parameters of velocity, depth, turbidity, temperature, pH, conductivity,
ambient light, and backwater size were measured and recorded, and substrates were characterized
in the foot, center, and mouth of each backwater. Fish collections were made by seining which
included multiple passes for calculation of a population estimate for the backwater by depletion
(Youngs and Robson 1978; Van Deventer and Platts 1983; 1989). Seine hauls, substrate
characterization, and environmental parameter measurements were also taken along the mainchannel
beachface adjacent to the backwater. Also, a plane table map and/or a total station survey was
conducted at each site to quantify total backwater area and areas of depth contours, substrates, and
structure within the backwater. Seining effort was recorded in m2 of watqr surface area seined and
catch-per-unit-effort (CPUE) calculated as: CPUE = number of fistr caught / 100 m2 seined.
Sampled fish were identified to species, measured (total length [mm] and weight [g]), and released
at the site of capture.

Type B Sampling
This sampling protocol was used in backwaters and tributary mouths in an attempt to determine

presence of fish and changes in habitat characteristics under various stages ofriver discharge. Fish
were collected in 30-50 minnow traps deployed at each site. At backwater locations, traps were
placed in the adjacent mainchannel, mainchannel eddy, and return channel eddy, as well as the
backwater proper. At each tributary mouth, traps rvere deployed in the mainstem Colorado River
and upstream in the tributary as far as the estimated high rvater zone under maximum mainstem
discharge. Traps were checked approximately four to five times per day over a three day period and
during ascending, steady high, descending, and steady low tlow stages, whenever possible. During
each trap check. water velocity, depth, water temperature. and substrate type were recorded at each
trap, as r.vell as species and total length of tishes captured. Benthic inveitebrate, zooplankton, and
sediment samples rvere also collected in conjunction rvith these samples. One datasonde was
deplol"ed in each of a backr,vater and its adjacent mainchannel to record changes in pH, temperature,
dissolved oxygen, specific conductivity, and relative depth at l5-30 minute intervals for the duration
of the sampling period at rhat site.
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Table 1 . Reach
description of the

designatiot'ts, their upper
number and characteristics

and lower boundaries and a general
of backwaters within each reach.

Reach Boundaries

Reach Upper Lower General Reach Characterization I
20

40

50

I
I
I
I
I
I
I
I

30

Lee's Ferry

RMO

Little colorado
River
RM 61.50

Bright Angel
Creek
RM 97.62

National Canyon

RM 166.40

Little Colorado
River
RM 61 .50

Bright Angel
Creek
RM 97.62

National Canyon

RM 166.40

Diamond Creek

RM 225.60

A few moderately-sized backwaters,
with silty substrates, that pqrsisted at all
flow levels within the interim flow limits
and numerous smalfer backwaters that
appear only at lower flows.

Numerous backwaters, with silty
substrates, between the LCR and Unkar
Rapid formed as a result of the floods of
January and February, but most of these
became smaller or disappeared over the
course of the year. . Essentially no
backwaters in the Upper Granite Gorge
portion of this reach (RM 85.5 87.62).

Very few backwaters in this reach, and
those present are very small, with sandy
substrates, and subject to inundation at
higher flows.

A few well-defined backwaters with
sandy substrates, especially below Lava
Falls, Subject to complete or partial
inundation at higher flows.
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Code Tributary and Location

BAC Bright Angel Creek RM 87.62
DIA Diamond Creek RM 225.6
DRC Deear Creek RM 136.25
ELV Elves Chasm (Royal Gorge

Creek) RM 116.5
HAV Havasu Creek RM 156.93
KAN Kanab Creek RM 143.5
LCR Little Colorado River RM 61.5
NKW Nankoweap Creek RM 52,2
PAR Paria River RM 0.9
SHO Shinumo Creek RM 108.6
STC Stone Creek RM 131 .8
TAP Tapeats Creek RM 133.83

Reach Boundaries (RM)

20 0 - 61.5
30 61.5 - 97.62
40 87.62 - 166.4
50 166 .4 - 225.6

Lake Powell

Glen Canyon Dam
A.Lee's Ferry

Reach 20

DRC

TAP

src sHo
Reach 50

Lake Mead Reach 4 LCR

ELV

Reach 30

DIA

Fig. 5. Sampling reach and tributary locations in the Colorado River, Grand Canyon.
RM = river miles below Lee's Ferry.

Opportunistic Sampling
Opportunistic sampling was conducted to obtain a quick, qualitative, point-in-time

characterization of a site. This protocol was conducted largely at sites where population estimates
by depletion were not feasible (e.g., beachfaces, side channels, tributaries, tributary mouths, and
extremely deep backwaters) or gear other than seines r,vere used. Fish were captured using a single
pass through the site using either a straight or bag seine, or using minnow traps, hoop nets, dip nets,
or kick seines in selected locations. Effort was recorded in m' seined (seines) or hours set (minnow
traps and hoop nets) and CPUE was calculated as: CPUE = number of fish caught / 100 m, seined
or 12h trap set. Sampled fish were identified, measured, and released. The same habitat information
rvas collected for'each site as was for Type A samples, but the data were recorded from only one
location within each site.

Invertebrate and Sediment Samples

I Benthic invertebrate,2ooplanltton, and sediment samples were collected in association with
I T1'pe A and Type B samples. These samples'"vere collected tiom each Type B site, quarterly from

I
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four or five Tlpe A sites during l99l-93, and at each Type A site during all four trips in lgg4.
Quarterly samplcs were collected from between three and five different Type A backrvatetr,
representing each rcach, dring each quartcrly tip: one above the Little Colorado River (Reach 20);
one ortwo locations immediately downsteam of the LCR (Reach 30); one location in the Blacktail
area (RM 119, Reach 40) (except Trips 14 and 17, when no baclavaters suitable for sampling could
be found due to river flow conditions); and one below Lava Falls (Reach 50). We sampled
backwaters that we thought would persist at different flows (to allow repeated sampling) and were
representative of baclavaters in the respective reaches. However, because different river flows and
shifting substrates often resulted in inundation, desiccation or shrinkage of backwaters, different sites
(or no sites) occasionally had to be sampled instead.

Benthic invertebrate, zooplankton, and sediment samples were collected at two or three locations
within each site. Benthic invertebrate samples were collected using a Petite Ponar dredge. plankton
samples were taken by por:ring 50 L of water through an 80 pm mesh plankton net. All organisms
were identified to the Family level. Sediment core samples were collected using a 50 cmr minicore
sampler. Sediments were separated into sand, silt, and organic components.

Datasondes
Datasondes were placed in selected locations along the river to monitor changes in water

temperature, pH, dissolved oxygen, conductivity, and relative depth. These samples were taken in
conjunction with Type B samplei and oppornrnistically at other sites. Recordings were made every
20 minutes. Sondes were generally deployed overnight but were occasionally deployed for up to 96
hours (Type B samples).

OBJECTIVES

This study entailed several diverse objectives dealing with populatiors of fish and their habitat
and those factors that might limit thefu populations and distributions. Small fish inhabit backwaters,
tributary mouths, and other nearshore habitats and include larval and juvenile stages of larger species
(e.g., humpback chub, bluehead sucker, flannelmouth sucker, and rainbow trout [Oncorhynchus
mykiss]) and all life stages of smaller species (e.g., speckled dace, fathead minnow lpimephates
promelasf, and plains killifish lFundulus zebrinusl). Primary objectives concern the behavior, diet
and growth of these fish. Other objectives concern their nearshore and tributarv habitats and the
availability of food (benthic and planktonic) in these areas.

These studies were part of a larger study of the fishes of the Colorado River and its tributaries
in Grand Canyon conducted by the Arizona Game and Fish Department, Arizona State University,
Bio/West, Inc., Hualapai Tribe, University of Arizona, and the U. S. Fish and Wildlife Service. Each
agency had responsibility.for a specific set of objectives to learn more about this system and its
aquatic biota. The following is a list of the specific AGFD objectives of this portion of the study.

Objective 3.1. Continue the AGFD monitoring and research program for native fishes of the
Colorado River and its tributaries in the Grand Canyon.

This objective acknowledges the importance of continuing to collect information on fish
populations in the Colorado River, Grand Canyon, that was started with Phase I of the Glen Canvon
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Environmental Studics Maddux et al. 1987). This section addresses fish distribution and
composition throughoril the Colorado River, Grard Canyon, aud the lower sestion of important
tibutaries. These data were arnlyzndto examine changes in distribution and catch-per-unit-effort
(CPLJE) over the period of this study (1991-94) and compare thern with previous studies. They will
also serve as a baseline for futtue studies. A continuous database of fish collections is of vital
importance to monitor the populations of fish in the Grand Canyon.

Objective 3.2. Identify the temporal and spatial distribution patterns and movements of early
life stages of fishes in the Little Colorado River and other tributaries.

Objective 3.2.u Determine the timing and duration of reproductive activity for different
fish species by the evaluation of otoliths and length-frequency distributions.

This section addresses fish distribution in tributaries of the Colorado River, Grand Canyon.
These objectives were designed to provide information on the timing of spawning in these fish, the
environmental cues that induce spawning, and residence times of larvae and juveniles in these
tributaries. An index of catch-per-unit-effon (CPUE) was also calculated for comparison with
previous and funue studies and for use in long-term monitoring. This information will be important
when deciding to manipulate discharge from Glen Canyop Darn.

Objective 3.4. Determination of the changes in environmental conditions in mainstream and
tributary confluence zone native fish rearing habitats under different flow regimes.

Objective 3.4.a. Measure water depth, temperature, pII, dissolved oxygen, specilic
conductance aid redox potential at each backwater, tributary mouth and adjacent
mainstream sites under a variety of controlled GCES Research flows and interim
operations.

Objective 3.4.c. Collect sediment cores from the tributary mouths, backwaters and
mainchannel and analyze for constituents of environmental importance.

Objective 3.4.d. Map and identify each area of study.

These objectives examine changes and differences in the backwater and mainchannel habitats
of small fish. This section of this report examines environmental conditions in these areas, as
compared to the mainchannel, and their variation under different flow regimes. The various
anthropogenic and natural disturbances in the Colorado River greatly affect these habitats. These
changes may be beneficial or deleterious and may be short-term or long-lasting. This information
will also be important when deciding to change the operations of Glen Canyon Dam.

Objective 3.5. Determine invertebrate standing crops and their relative contributions to diets
of young native fishes in tributary, baclcwater and mainchannel habitats under different flow
regimes.

Obiective 3.5.a. Determine the exchange of zooplankton, drift organisms and particulate
organic matter befween backrvaters and mainchannel and tributary mouths.

ll
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Obiectivc 3.5.b. Ihtcrminc thc changer in zoophnkton communities during thc GCE$
Rescrrch rnd Interim flows in the beckweterg.

Obieclive 3.5.e Sample benthic invertebrates in rearing habitats both within and without
the fluctuating flow regime impact areas.

Objective 3.5.d. Sample larval to juvenile native
confluences, tributaries above the confluence zone and
analysis of digestive tracts.

fish from baclavaters, tributary
outlying mainchannel habitats for

These objectives examine the diet of small fish and the availability of food. Zooplankton and
benthic invertebrates comprise the majority of the diet of these fish. Under peaking power dam
operations (prior to August 1991), fluctuations in water depth caused cycles of inundation and/or
desiccation of backwater habitats within the study area. The institution of interim flows caused
backwaters habitats to become relatively stable with most experiencing minor daily flushing, thus,
providing refugia for larval and juvenile fish, as well as aquatic invertebrates.. This section examines
benthic invertebrate density and biomass and zooplankton density in backwaters and associated
mainchannel beachfaces in the Colorado River, Grand Canyon, from 1991 to 1994. The primary
objectives of this portion of the study were to describe the benthic and planktonic community
composition and determine the effect of flow regime on invertebrate densities. The secondary
objective was to examine the diet of native and non-native fish and the relationship between their
diet and relative abundance of prey items. Changes in the operation of the dam are likely to affect
invertebrate populations and, therefore, the fish.

Objective 3.6. Determine the behavioral responses of larval to juvenile native tishes to
changing environmental conditions in rearing habitats.

Obiective 3.6.a. Measurement of the associated behavioral responses by young fish to
different flow regimes.

Obiective 3.6.c. Capture and mark selected fish and track their habitat use over controlled
flow sequences.

Obiective 3.6,d. Collect and analyze stomach and otolith samples from selected fish.

This objective addresses the behavior ofjuvenile fishes to environmental conditions caused by
Glen Canyon Dam. Fluctuating flows have the potential to force juvenile fish out of backwaters or
tributaries into the mainchannel Colorado River, where the water is usually colder and velocities
greater. The use of mainstem (mainchannel and backwater) habitatq under different discharges and
flow stages is examined. Unfortunately, Objective 3.6.a proved to be unworkable. Objective 3.6.d
rvas addressed in bther parts of this and other reports.

Objective 3.9. Determine the extent to which limnological factors, with emphasis on water
chemistry and aquatic productivitv, potentially limit the distribution and abundance of native
fishes in the Little Colorado River and other tributaries which might serve as streams for
augmentation of humpback chub in Grand Canyon.
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Obiecttvc 3.9.a. Eveluetion of weter chemistry and hydrologic wenb rs thcy aficct
distribution rnd abundance of fishc! directly and sccondarily through impactr on
pniductMty of dgrc and invertebrate food resources.

This objective addresses the feasibility of introducing a new population of humpback chub into
anoiher tributary of the Grand Canyon. This concept was addressed in the Glen Canyon Dam
Environmental Impact Statement and is being considered in order to prevent a complete loss of
humpback chubs in the Grand Canyon in the event of a catastophe in the Little Colorado River. The
streams in question are Bright Angel Creek, Shinumo Creek, Kanab Creek and Havasu Creek.
Humpback chub have been capttued in the mouth or vicinity of each of these steams (AGFD 1993:
this report) and it is possible that breeding attempts have been made there. However, no evidence
of successful reproduction has been found in any tributary other than the LCR.

This report summarizes data collected by the Arizona Game and Fish Department (AGFD)
during 25 research trips conducted on the Colorado River from 1991-94. ltprovides information
conceming how changes in habitat may affect the distribution and relative abundance of nativefishes
and their food in the Colorado River, Grand Canyon, Arizona. The information in this report, along
with data collected by AGFD dwing GCES Phase I studies, will provide baseline data for evaluating
the long-term effects of Interim or Modified Low Fluctuating Flows, proposed habitat building and
habitat maintenance flows, and the effects of thermal modification should those studies materialize
in the future.

t3
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Obicctive 3.1. ContinuG thc AGFD monitoring end rcscerch program for native fishc! of thc
Colorado River end itr tributarics in the Grand Canyon.

This section addresses distribution and composition of small (<150 mm) fish throughout the
Colorado River, Grand Canyon, and the lower section of major tibutaries. These data were amlyznd
to examine changes in distribution and catch-per-unit-effort (CPUE) over the period of this study
(1991-94) and compare them with previous studies. These data will also serve as a baseline for
future studies.

METHODS

The mainstem Colorado River in the Grand Canyon was partitioned into the same four reaches
that were used dwing Phase I studies (Figure 5; Maddux et al. 1987). Five major tributaries, Little
Colorado River and Bright Angel, Shinumo, Kanab, and Havasu Creeks were also sampled regularly.

Fish were collected by a variety of sampling gears and methodologies, designed to be effective
in specific habitats. Habitats sampled included backwaters, their associated mainchannel beacMaces,
and tributary mouths.

Seines were the standard gear type used for collections from backwaters, where the entire area
to be sampled can be blocked off, and along mainchannel beachfaces. Seines were preferred,
particularly in backwaters, since they are an active capture gear (less dependent upon species
behavior) and are selective mostly by mesh size (Hayes 1983). The seine most commonly used was
9 mx 3 mx 3.2 mmmeshwitha3 mx3 mbag. Insmall backwatersorareaswherelarval fish
were suspected to be present, a smaller seine with 0.79 mm mesh was used. Seining was employed
under two sampling protocols: Type A and Opportunistic. Opporhlristic samples employed a single
seine pass through the selected habitat. Backwaters were seined from the mouth to the foot. Type
A samples included multiple seine passes through a backwater and a single pass through the
associated mainchannel beachface. Under the Type A protocol, backwaters were first blocked off
using a straight seine to prevent escape of fish between seine hauls. At least two and asi many as four
seine hauls permitted the calculation of a population estimate by depletion for each species in Type
A backwaters. Maximum likelihood population estimates (Van Deventer and Platts 1983) were
calculated using MicroFish 3.0 (Van Deventer and Platts l9S9) for each native species, the two
common exotic species (fathead minnow and rainbow trout), and total catch. Fish density was
calculated as the estirnated population size I 100 m2 surface area of the backwater. Areas of
backwaters were determined from plane table maps drawn as part of the Type A protocol.
Catch-per-unit-effort (CPUE; number of fish caught i 100 m2 seined) was calculated as an index of
fish abundance for all seined sites, Type A and Opporfunistic. If more than one seine haul was taken
at a site only the first seine haul was used to calculate CPUE.

Most other gear types used were passive, and thus were both size selective (based on size of
mesh or net opening) and species selective (based on behavior of fish; Hubert 1983). Minnow traps
rvere used in backwaters, mainchannel, and tributary habitats - mostly areas in which seining was
not feasible. Minnow traps tend to select against benthic species and for those species seekingiover
(Hubert 1983)' Hoop nets were used in tributarv mouths and in the vicinity of tributaries in the
mainstem' These nets, especially those with leads, \,v€re very effective in capnging adults moving
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into tibutaries, prticularly during spauming runs. Minnow tap and hoop net CpUEs wcrt
calculated as numbcr of fsh captur€d / 100 horus of trapping time. These collectiols werc dcsigncd
to provide a singlc sample of the species uing these areas at a given time, or to collect fish for-diet
analysis and replicate samples were rarely taken. Therefore, little analysis has been performed on
these data

Total length (nun) was recorded for all bluehead suckers, flannelmouth suckers, and humpback
chub. Total length was also recorded for other species, except, on occasions when large numbers
were captured, at which times counts were made. During Trips 1-21, weight (g) was recorded for
fish large enough (about 5 g) to be accurately weighed with our scale. During Tnps22-25 a more
precise scale was used which allowed all fish to be weighed to 0.1 g.

A large number of gear types were used in this study, each with different selectivity biases.
Minnow traps were the most commonly used gear type in 1991 and 1992. In 1993 and 1994, seines
were the prefened gear type. Hoop nets were used dr.ring all years (mostly in tributary mouths), but
were used selectively. Also, the degree to which hoop nets and minnow traps were used and the
effort expended varied widely among years, reaches, and habitat types. This was particularly true
in tributaries where effort was usually comprised of a single gear set on a given trip. This lack of
consistency and replication makes it diffrcult to interpret comparisons of species composition
between years, reaches, and habitats. Therefore, only qualitative examination of trap data is
reponed.

' Differences in species distribution for collections made by seining among habitats and reaches
were tested using CPUE data from seine collections from 1993 and 1994. These changes were tested
by multiple ANOVA (a=0.05) and the Ryan-Einot-Gabriel-Welch Multiple F test (Day and euinn
1989). Differences in CPUE among years was not statistically tested due to wide variations in effort
and changes in protocol.

RESULTS

Fifteen species of fish were captured during l9g.l-g4 (Table 2). All four remaining lative
species were at least locally abundant. Eleven exotic species were captued, but only fathead
minnow, plains killifish, channel catfistr (Ictalurus punctatus),rainbow trout, and brown trout were
commonly captured. Examination of species abundance data showed that species varied among
reaches and habitats.
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Table 2. Common name, scientific name, and families of all native and exotic fish
species captured during this study

Common Name Scientific Name Family

Native Species
Bluehead Sucker
Flannelmouth Sucker
Humpback Chub
Speckled Dace

Exotic Spqcies
Common Carp
Fathead Minnow
Red Shiner
Plains Killifish
Green Sunfish
Striped Bass
Channel Catfish
Black Bullhead
Brook Trout
Brown Trout
Rainbow Trout

Catostomus discobolus
Catostomus latipinnis
Gila cypha
Rhinichthys os culus

Cyprinus carpio
Pimephales promelas
Cyprinella lutrensls
Fundulus zebrinus
Lepomis cyanellus
Morone saxatilis
lctalurus punctatus
,Ameiurus melas
Salvelinus fontinalis
Salmo trutta

Catostomidae
Catostomidae
Cyprinidae
Cyprinidae

Cyprinidae
Cyprinidae
Cyprinidae
Cyprinodontidae
Centrarchidae
Percichthyidae
lctaluridae
lcatluridae
Salmonidae
Salmonidae
Salmonidae
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Species Composition by Reach
Native species dominated the catch in Reaches 20;40, and 50 (Figure 6; Table 3) and in all

tributaries (Figure 7; Table 4). Rainbow trout were the most abundant exotic species above the Little
Colorado River (LCR). Fathead minnows were most cornmon down river, particularly in Reach 30
where they were the most coulmon species captured. Figure 8 shows the percentage of the catch
comprised by bluehead sucker, flannelmouth sucker, humpback chub, speckled dace, fathead
minnow, and rainbow trout in mainstem habitats (mainchannel and backwaters) of Reaches 20, 30,
40, and 50 during l99l-94.

Reach 20
Speckled dace (39o/o of the catch) were the most common species found in baclnvaters of Reach

20, followed by flannelmouth sucker (27%), rainbow trout (l 5Yo), andfathead minnow (73o/o). In
the mainchannel of Reach20, rainbow trout (61%) was the most common, followed by speckled
dace ( 15%), flannelmouth sucker (14%), and humpback chub (ll%). Speckled dace comprised 63%
of the catch in Reach 20 in 1992 but only ll% in 1994 (Figure 8). Flannelmouth sucker comprised
only l5% of the catch in Reach 20 in 1992but29o/o of the catch in 1991 Rainbow trout were more
commonly caught in 1991-93 (19-23%) than in 1994 (11%). Fathead minnows were uncommon in
Reach 20 in 1991 (9%) andrarely caught in 1992 and 1993 (0% and l%) but comprised 42o/o of the
catch in 1994.

Reach 30
Fathead minnows were'the most common species caught in backwaterc (42%) in Reach 30, with I

humpback chub also being common (29%), Bluehead sucker (12%), speckled dace (8%), and I
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flannetnouth sucker(77o) w€re also commonly caught. In the mainchannel, humpback chub werp
the most commonly caught species (45Vr). Fathead minnow QzW, speckled dace (l87o), and
bluehead sucker(87o) werc also cornmonly captured. The percentage of the catch comprised of
fatheadmimowinReach30variedgreatly,rangingfrom l8%in 1993 and2lo/oin l99l to60Yolm
1994 and 79/on1992. Conversely, humpback chub comprised a larger percentage of the catch in
1993 (45%) and 1991 (44%) than in 1994 QsoA and 1992 (9%\. Prevalence of bluehead sucker in
the catch from Reach 30 was relatively constant, ranging from2o/o in 1992 to llv.a in 1994. The
percentage of flannelmouth sucker in the catch from Reach 30 was also relatively constant, ranging
from 3% in 1992 and 1994 to 6%o in l99l and \o/oin 1993.

Reach 40
In Reach 40, bluehead sucker was the most common species collected in backwaterc (45%).

Fathead minnow (22o/o), speckled dace (17%), and flannelmouth sucker (10%) were also caught in
backwaters. In the mainchannel, fathead minnow was the most common species (30%). Bluehead
sucker (26%), speckled dace (16%),rainbow trout (15%), and flannelmouth sucker (6%)were also
common. Percent composition of bluehead suckers in Reach 40 increased over the study period
from l2Yo in 1991 to 49Yo in 1994. Percent composition of speckled dace also increasedfromT%o
in 1 991 to 23o/o in L994. Prevalence of humpback chub in the catch in Reach 40 decreased over the
same period, from 14% n 1991 to lo/o in 1994. The percentage of flannelmouth suckers in the catch
remained relatively constant, ranging from 5% in 1994 to l7a/o in 1993. The percentage of fathead
minnow in the catch from Reach 40 was relatively constant and ranged from2}o/o in 1991 to 33Yo
inI992. The percentage of the catch comprised of rainbow trout in Reach 40 decreased dramatically
from2TYo in 1991 to lYo in 1994.

Reach 50
Speckled dace (37o/o) was the most commonly caught species in backwaters in Reach 50.

Fathead minnow (22%), bluehead sucker (21%), and flannelmouth sucker (19%) were also
commonly caught. In the mainchannel, speckled dace (45%)was also-the most common species
captured, followed by flannelmouth sucker (24o/o), fathead minnow (I4%), and bluehead sucker
(1I%). Speckled dace was the most common species captured in Reach 50, but its composition of
the catch decreased from62Yo in 1991 to26Yoin 1994. Bluehead sucker composition in the catch
increased ftom 4Yo in 1991 to 33Yo in 1994. Flannelmouth sucker percent composition also
increased, but more modestly, from 8% in 1991 to 22Yo in 1994. Fathead minnow prevalence in
Reach 50 was quite constan! ranging from 14-1 8%;o in 1991, 1993 and 1994, except for an increase
in 1992 when this species comprised 38% of the catch. Humpback chub were rarely caught in Reach
50 and always comprised <lYo of the catch there. However, 26 humpback chub were caught in
Reach 50, many of which were larvae and small juveniles.

Little Colorado River
In the mouth of the Little Colorado River, humpback chub dominated the catch(47yo): Bluehead

sucker (29%) and speckled dace (13%) rvere also common, with flannelmouth sucker comprising
4Yo of the catch. Interestingly, all native species were captured more frequently than anyexotic
species in the mouth of the LCR.
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Bright Angel Creek
In Brigbt Angel Creeb speckled dace were the only species commonly caught (89o/o). Rainbow

trout (6%), btown trout(zyo), fathead minnow (2%), bluehead sucker (l%), and humpback chub
(l%) were also collected.

Shinumo Creek
Speckled dace were also the most commonly caught species in Shinumo Creek (g}Vr). Bluehead

sucker (3%), fathead minnow (3o/o), rainbow frout(2Yo), flannelmouth sucker (lo/o),humpback chub
(l%), and brown trout (<1%) were also captured.

Kanab Creek
In Kanab Creek, speckled dace (40%) also dominated the catch, but less so than in Bright Angel

and Shinumo Creeks. Also commonly caught were flannelmouth sucker (22%), fathead minnow
(21%), bluehead sucker (12%), and plains killifish (5%). Most of the suckers were spawning adults
captured in the spring and early sunmer. Common carp, rainbow trout, channel catfish, striped bass,
humpback chub, and brown trout, combined, comprised l% of the catch in Kanab Creek.

Havasu Creek
Speckled dace(47%) dominatedthe catch in Havasu Creek, as well. Bluehead sucker (33%) nd

flannelmouth sucker (18%) were also commonly caught, which mostly consisted of spawning adults
captured in the spring and early summer. Humpback chub, common carp, fathead minnow, and
rainbow trout, combined, comprised 1.5% of the catch from Havasu Creek.
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Mainchannef
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Fig. 6. Species composition of catch in backwater and mainchannel habitats of each
reach of'the colorado River, Grand canyon, during AGFD sampling trips, 1gg1-94.
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Table 3. Number and percent composition of catch of each species in each reach from
backwaters and mainchannel beachfaces of the Colorado River, Grand Canyon, during
AGFD sampling trips, 1991-94.

Reach
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Habitat/Species

Backwaters

Bluehead Sucker

Flannelmouth Sucker

Humpback Chub

Speckled Dace

Total Natives

Black Bullhead

Brown Trout

Channel Catfish

Common Carp

Fathead Minnow

Green Sunfish

Plains Killifish

Rainbow Trout

Total Exotics

Backwater Total

Mainchannel Be,qchfaces

Bluehead Sucker

Flannelmouth Sucker

Humpback Chub

Speckled Dace

Total Natives

Brook Trout

Brown Trout

Channel Catfish

Common Carp

Fathead Minnow

Plains Killifish

Rainbow Trout

Red Shiner

Striped Bass

Total Exotics

Mainchannel Total

Reach Total

552 2g.g 5,399

-- 
-

-- 
--;

1,911 96.3 12,443

20 30 40 50

26 1.4

517 27 .1

73 3.9

743 3g.g
1,359 71.1

0 0.0

1 0.1

1 0.1

2 0.1

253 13.2

1 0.1

2 0.1

292 1 5.3

0 0.0

10 13.5
g 10.9

1 1 14.9

29 39.2

o 0.0

o o.o

o 0.0

0 0.0

o 0.0

0 0.0

45 60,9

o 0.0

0 0.0

1 ,532 12.3

920 7.4

3,545 29.5

1 ,O4g 9.4
?,o45

0

1

3

17

5,203

0

81

93

5 6.6

0.0

0.0

0.0

0.1

41.g

0.0

o.7

o.7

114 8.2

42 3.0

625 44.9

250 17.9

1,031 73.9

1 0.1

0 0.0

1 0.1

0 0.0

31 1 22.3

1 0.1

51 3,7

0 00.

0 0.0

43.4 g4g 25.2

-

---89.9 3,367 g3.O

1 ,510 44.8

343 10.2

90 2,7

575 17.1

2,518 7 4.8

o 0.0

2 0.1

o o.o

1g 0.6

754 22,4

o 0.0

7 0.2

68 2.O

67 26;5

15 5.9

10 4.O

40 1 5.9
132 52.2

o o.o
3 1.2

o o.o
1 A.4

76 30.O

1 
"0.43g 1 0.5

1 0.4
1 0'.2

2,613
2,336

26

4,563

21 ,1

18.9

o,2

36.9
9,539 77 .2

1 0.o

o o.o
10 0.1

77 0.6
2,689 21 .g

0 0.o
20 0.2

19 o,2
2,916 22.9

-I-

-r-
12,354 97 .4

34 10.5

79 24.3

o o.o
147 45.2

260 go.o

o o,o
o 0.o
1 0.3
g 2.9

44 1 3.5

o 0.0
6 1.9

o o.o

5 1.2

20.0

2,6

45 60.9 365 26.1

---; 
-*

74 3.7 1,396 10.1

-

___ __.
1,995 1 3,939

121 47 .g 65

- 

:
253 7.O 325

-q!=!- 

_

3,620 12,679
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Little Golorado
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Fathead Minnow
Channel Catfish

Speckled Dace

Fathead
Minnow

Humpback Chub

Kanab Creek

Other
Plains Killifish Bluehead Sucker

Fathead Minnow

Bluehead
Sucker

Flannelmouth
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Brown Trout

Shinumo Greek
Other Bluehead Sucker

Rainbow Trout Flannelmouth Sucker
Fathead Minnow Humpback Chub

Bright Angel Creek
Rainbow Trout Bluehead Sucker

Humpback Chub

Speckled Dace

Havasu Creek

Other

Bluehead
Sucker

River

Flannelmouth
Sucker

Humpback Chub
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Dace

Humpback Chub Flannelmouth
Sucker

Fig. 7' Species composition of catch in mouths of tributaries of the Colorado River, Grand Canyon,
during AGFD sampling trips 1991-94.
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Table 4. Number and percent composition of catch of each species from mouths of tributaries
of the colorado River, Grand canyon, during AGFD sampling trips, 1gg1-94,

Tributary

I
I
I
I
I
I

Species

Little
Colorado

River

Bright
Angel
Creek

Shinumo
Creek

Kanab
Creek

Havasu
Creek

Bluehead Sucker

Flannelmouth

Humpback Chub

Speckled Dace

Total Natives

Brown Trout

Channel Catfish

Common Carp

Fathead Minnow

Plains Killifish

Rainbow Trout

Striped Bass

Total Exotics

Total

295 29,6

3g 3.9

465 46.9

124 12,5

912 g1.g

0 0.0

35 3.5

1 1 1 .1

32 3,2

o 0.0

5 0.5

_9, 0.0

g 9.3

995

2 1.7

o 0,0

0 0.0

2 1.7

0 0.0

7 6.0

_0 0.0

Jl 9.5

116

67 3.0

30 1.3

16 0.7

2 046 gO.3

2,159 95.2

8 0.4

o o,o

1 0,0

64 2.9

1 0.0

34 1.5

o 0.0

_l-09 4.9

2,267

165 11.6

304 21 .3

1 0.1

573 40.1

1,043 73.1

1 0.1

2 0.1

5 0.3

302 21 .2

69 4.9

3 0.2

2 0.1

l€4 26.9

1,427

154 33.0

85 19.2

3 0.6

220 47.2

462 gg.1

o o.o

0 0.0

2 0.4

1 0,2

o 0.0

1 0.2

a o.o

J 0.9

466
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1

0

1

103

105

0.9

0.0

o.g

88.9

90.5
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Species

Fig. 8. Percentage of the catch comprised by bluehead sucker (BHS), flannelmouth sucker {FMS},
humpback chub (HBC), speckled dace (SPD), fathead minnow (FHM), and rainbow trout (RBT) in
mainstem hbbitats (mainchannel and backwaters) of Reaches 20, 30,40, and 50 during 1991-94 of
AGFD mainstem sampling in the Colorado River, Grand Canyon.

Species Distribution
Juvenile stages of all four native species were found predominantly near known or suspected

spawning areas for those species. Catch-per-unit-effort for all species combined (total CPUE) was
higher in backwaters than along mainchannel mainchannel beachfaces (F0.0001). Mean total
CPLIE in backwaters in Reach 50 was higher (P:0.0001) than in all other reaches and higher in
Reach 30 backwaters than in Reaches 20 and 40. There was no significant difference in total CPUE
in the mainchannel among reaches (P:0.8646).

Bluehead Sucker
Bluehead suckers were found tkoughout the river between the LCR and Diamond Creek with

the highest percentages being found in Reach 50 (a3%; Figure 9). Bluehead suckers were also
prevalent in reaches 30 (32%) and 40 (25%). Only 24 (<L%) bluehead suckers were captured in
Reach 20, with most of them being captured just above the LC\ the upper boundary of Reach 30.
lv{ean CPLIE for bluehead suckers in backwaters was higher in Reach 50 than any other reach
(P=0.0001). In the mainchannel, mean CPLfE for bluehead suckers was higher in Reaches 50 and
40 than in Reach 20 (P=0 0224). Bluehead suckers spawn in the Little Colorado River and Bright
,\ngel, Shinumo, Kanab, and Havasu Creeks. There may also be resident populations of bluehead
suckers in crystal and clear creeks, as young were tbund there, as well.
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Flannelnouth Sucher
Flannetnouth sucken were found throughout the Colorado River in Grand Canyon (Figrre l0).

The largest percentag€ of flannelmouth suckers were fotrnd in Reaches 50 (48%) and 30 (35%).
Reaches 20 and 40 contained only l4o/o and 8Yo of the flannelmouth sucker catch, respectively.
While mean CPUE of this species was higher in Reach 50 than any other reach (.F0.0001), no
differences were found in mainchannel catches (P=0.7957). Flannelmouth suckers are known to
spawn in the Paria and Little Colorado Rivers and Bright Angel, Shinumo, Kanab, and Havasu
Creeks. However, to date, few larvae have been found in the Paria River, while juveniles have only
been found downstream from RM 44.27, possibly the result of mainstem spawning in the wann
springs near RM 30.

Humpback Chub
Reach 30 contained 960/o of all of the humpback chub caught (Figrue I 1). Mean CPUE was

higher in Reach 30 than in all other reaches in both backwaters and the mainchannel (P<0.0124).
However, juvenile humpback chub were captured in all reaches (2% in Reaches 20 and40 and <1%
in Reach 50) and in the mouths of all major tributaries. We caught humpback chub, including
young-of-the-year (YOY), sporadically throughout the river from RM 44 - 204 and Bio/West has
found several aggregations of adult humpback chub throughout the canyon (Valdez and Ryel 1995).
Humpback chub YOY as small as22mmwere caught at RM 44.27L (Reach 20) in 1993 and 1994
and age 1 chub were caught there in 1994. This backwater is over 27 krn, and several large rapids,
upstream from the Little Colorado River. It is unlikely that humpback chub this small could have
moved upstream to this site from the LCR. Small humpback chub were also captured at RM's
168.75,192.42,193.85, 203.80, and 204.00 (Reach 50), including two 14 mm and one 18 mm fish.
It is also unlikely that fish this small were spawned in the LCR, drifted downsfieam over 200 km in
the cold water of the rnainstem Colorado River and survived. These captures provide strong evidence
of spawning, with some success, outside of the LCR.
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Spechled Doce
Speckled dace were commonly collected throughout the river with the highest percentage (S4o/o)

being caught in Reach 50 (Figure 12). Reach 30 contained23% of the captured speckled dace and
Reaches 20 and 40 each contained l1%. Mean backwater CP(IE for speckled dace was higher in
Reach 50 than any other reach and higher in Reach 20 than Reach 40. In the mainchannel, mean
CPUE was higher in Reach 50 than in Reaches 20 or 30. Dace spawn in all tributaries and possibly
in warm areas of the mainstem (possibly including backwaters).

Fathead Minnow
Fathead minnows were most commonly caught in backwaters, where they are known to spawn,

particularly near the LCR with 68% being caprured in Reach 30 (Figure 13). Reach 50 contained
20Yo, Reach 40, 9o/o, and Reach 20, 4oh (mostly from near the LCR). Although more fathead
minnows were caught in Reach 30, mean backwater CPUE was higher in Reach 50 than any other
reach and Reach 30 was higher than Reach 20 (P=0.0001). Mean CPUE for fathead minnows did
not vary significantly between reaches (P:0.2499) in the mainchannel. These exotic fish were not
commonly caught in tributary mouths but may inhabit upstream portions of some streams, such as
the LCR and Kanab Creek.

Rainbow Trout
Rainbow trout were most abundant in Reaches 20 (60%) and 30 (29%: Figure 14). Mean

backwater CPUE was higher in Reach 20 than any other reach (P=0.0002), while mean mainchannel
CPUE did not significantly change (P:0.7610). Rainbow trout captured in Reaches 40 (10%) and
50 (<1%) were most commonly associated with tributaries . Of the tributaries, rainbow trout were
found only in Shinumo Creek. However, they are known to spawn in the mainchannel near Lee's
Ferry, where they are stocked by AGFD, and in Nankoweap, Clear, Bright Angel, Crystal, Tapeats,
and Deer Creeks.
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Drscusstorr

Native species dominated the catches in all reaches of the river and in all fiibutaries, except in
Reach 30, where fathead minnows were the most common species collected. Rainbow trout and/or
fathead minnows were also abundant in all reaches. Juveniles of all native fishes were, at least,
locally and seasonally abundant in the mainstem Colorado River. Differences in the species
composition of the catch among reaches is largely explained by the presence or absence of spawning
areas for each species. Changes in composition of the catch 4rnong yeaf,s was likely due to a
combination of changes in year class strength and differences in gear selectivity.

Bluehead suckers were common below the LCR. They were the most common species found
in Reach 40 and appear to spawn in large numbers in the LCR and Kanab and Havasu Creeks. These
fish are also found in a disjunct population (separated from the mainstem Colorado River by a
waterfall), along with speckled dace and rainbow trout, in Shinumo Creek (Allan 1993). Emigration
from Shinumo Creek probably still occurs, but the waterfall prevents fish from migrating from the
mainstem Colorado River to above the falls in Shinumo Creek. Prior to the closure of Glen Canyon
Dam, this barrier was probably passable during spring floods, providing a large arnount of spawning
area to the mainstem component of these native fishes. It is also possible that other native species
(e.g., humpback chub, flannelmouth sucker, razorback sucker, and Colorado squawfish) also
migrated between the mainstem and Shinumo Creek to spawn, as well. A similar situation is found
in Havasu Creek, where large numbers of bluehead and flannelmouth suckers spawn in the lower
reach of Havasu Creek below a barrier falls. However, we have also captured juvenile bluehead
suckers and speckled dace above these falls, although little sampling was conducted there. It is
likely that this also represents a disjunct resident population that is a remnant from conditions before
the Colorado River was regulated and the falls were not a barrier to spring spawning migrations.
The percentage of the catch comprised of bluehead suckers remained low in Reach 20, probably
because no spawning of this species is known or suspected to occur above the LCR. In Reach 30,
the percentage of bluehead suckers in the catch was also fairly constant. However, in Reaches 40
and 50, the proportion of the catch comprised of bluehead suckers increased over the four years of
this study. This is an indication that this species is reproducing and recruiting into the population.

Flarurelmouth suckers were found.below RM 44. We believe that juvenile fish found above the
LCR were spawned in the wann springs near RM 30. It is also possible that some were spawned in
the mainstem Colorado River above Lee'i Ferry or in the Paria River, where concentrations of
spaw'ning adults are known to be found in the early spring. Although flannelmouth suckers have
been observed spawning there, no evidence of successful spawning has been found above Lee's
Ferry. However, Weiss (1993) found larvat flannelmouth suckers in the Paria River :rr-lgg2 and we
also found larvae there in 1994. However, it appears that few, if any of these fish survive the cold
waters of the mainstem Colorado River to recruit into the spawning population. Backwaters axe
present in the mainstem and are available to these fish below the Paria River. However, we'have not
found any larval or juvenile flannelmouth suckers in the mainstem above RM 44, which suggests
poor survival of these fish in the mainstem. In the summer, the Paria River wanns to temperatures
too excessive for flannelmouth suckers to remain there. Weiss (1993) found that the mean size of
spawning adults in the Paria River in 1992 and 1993 r.vas 53 mm longer than the mean length of
spawning adults captured in 1981. possibly indicative of low recruitment into the adult population.
However, flannelmouth suckers do spawn in the LCR, Kanab Creek, and Havasu Creek andpossibly
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Bright Angcl and Shinumo Creeks. Overall, the perccntage of the catch comprised of flannelmotrth
suckers rcmained relatively constant. The ptesence of large numbers of larval and juvenile
flannelmouth nrckers in these atreas, especially in the later part of the study, is encouraging evidence
that they app€ar to be maintaining thefu population in, at least, the lower part of the river.

Humpback chub were found immediately below the LCR, at RM 44.27, and sporadically at
locations in the lower canyon. Successful spawning of humpback chub outside of the LCR was
indicated by the capture of small individuals above and far below the LCR in both 1993 and 1994.
Small fish would not likely be able to reach these locations if they were spawned in the LCR.
Suttkus etal. (1976) fbund "young or small juvenile Gila" at RM 44, possibly the same backwater
that we found juvenile humpback chub. The probable spawning area for these fish is a series of
wann springs around RM 30, which may provide suffrciently warm water for incubation and early
survival of larvae not swept downstream. Valdez and Masslich (1994) found larval humpback chub
in these warrn springs in July 1994. Suttkus et al. (1976), Suttkus and Clemmer (1977),and Maddux
et al. (1987) reported evidence of potential spawning in the vicinity of Shinumo Creek. Maddux et
al. (1987) also found immature chub downstream from Havasu Creek. There are several small
congregations of adult humpback chub throughout the canyon (Valdez and Ryel 1995) whicfr may
find small spawning areas in the mouths of tributaries such as Shinumo, Kanab, and Havasu Creeks.
Additionally, a series of warm springs below Lava Falls is another potential humpback chub
spawning area. This evidence indicates that there are existing populations of humpback chub which
may be benefitted by environmental manipulations. Further reductions in daily water level
fluctuations may improve backwater suitability for larval fish. Providing warmer spring and/or
summer water temperatures may allow mainchannel reproduction of native species.

The changes in the percentage of humpback chub in the catch befween years is probably due to
both changes in gear types used and reproductive success of these fish. A large year class of
humpback chub was produced in 1993. Seventy-four percent of all of the humpback chub caught
during this study were captured during that year. Nearly half of the humpback chub caught during
this study were captured on Trip 19 (September 1993) after a monsoonal flood in the LCR. This
strong year class of humpback chub may have been due to a late winter (1993) flood in the LCR
followed by a long period of base flow. This flood may have scoured out spawning areas and may
have been a cue for these fish to spawn. It is also possible that the flood may have removed some
exotic predators (i.e., common calp and channel catfish) and exotic potential competitors (i.e.,
fathead minnow). The following steady flow of clear water probably allowed the LCR to warm early
and stay warrn, which probably increased productivity.

Speckled dace were found throughout the river and appear to be the most common species in the
Colorado River, Grand Canyon. They were also the most common species in all tributaries, except
the LCR. Since speckled dace are susceptible to capture by both minnow traps and seines, changes
in the capture rate of this species may have been largely due to changes in river conditions.

Fathead minnows were the most common exotic species capfured. They were common in the
mainchannel below the LCR and in backwaters throughout the canyon. They were also found in all
tributaries, being particularly common in the ivann \,\'arers of Kanab Creek. They probabf' tpu*"
in all tributaries and in mainstem backw'aters. Fathead minnow eggs were found on a sonde placed
in a backwater at RM 60.8L at the end of May. The catch of these fish was also probably inlluenced
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by the LCR flood in Feb'nrary 1993. The petpentage of the catch composed of fathead minnows
decreased in all reaches below the LCR from 1992 to 1993. Fathead *i*oos are probably not well
adapted to cold,water floods and may be easily flushed downstream, particularly under cold
temperature conditions. Additionally, fathead minnows were the only species to be commonly found
in baclcrraters during the winter months, indicating that they prefer colder quiet water to slightly
wanner moving water. The populations of these fish could be very susceptible to contrJl by
managed flooding of the mainchannel in the late winter and early spring. However, the presence of
these fish in every tributary and their enonnous reproductive capacity mezu5 that any reductions in
their populations will probably be short-lived.

Rainbow trout were the most common exotic species above the LCR, where the river is most
often clear. Below the tCR, the river is frequently more turbid and rainbow trout appeared to be
associated with tributaries, such as Bright Angel Creek and Shinumo Creek, in which they spawn
(Maddux et al. 1987). Rainbow trout also spawn in the mainstem near Lee's Ferry, in Nankoweap
Creek (Maddux et al. 1987), and may use other areas of the mainchannel above the LCR where thev
can find clean gravel of the appropriate size.

In summary, larval and juvenile fishes of the Colorado River, Grand Canyon, appear to be most
often associated with known or suspected spawning areas for that species. Young hsh, particularly
humpback chub, may rear in the LCR. However, in most tributaries, larvae and juveniles appear tl
drift downstream soon after hatching to nearby backwaters where they rear until they ui" t*g,
enough to persist in the mainchannel.
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Obicctive32. Identify thc temporal end spetiel distributton prtterrr and uovementc of earty
life stages of fishcs in thcLittle Colorado River and other tributarier.

This section addresses fish disfiibution in tibutaries of the Colorado River, Grand Canyon.
Extensive data were not collected for the Little Colorado River, which is discussed in detail in the
Little Colorado River report. This section provides information on spawning periods, environmental
conditions during spawning, and residence times of larval and juvenile fishes in these tributaries.

Objective 3.2.a. Determine the timing and duration of reproductive activity for different fish
species by the evaluation of otoliths and length-frequency distributions.

METHODS

Collections of larval fishes were made in baclovater, mainchannel, and tributary mouth habitats
throughout the year using a variety of gear types (minnow traps, trap nets, dip nets, and seines).
Length-frequency tables and histograms (l cm length classes) were developed for each species, by
month, to provide an index of when larval fish first appeared in the catch. Alsb, adults were captured
in hoop nets set in tributary mouths, which provided additional information used to estimate the time
of spawning for each species. Time of spawning was estimated by noting the timing of adult
concentrations in the tributary mouths and the appearance of small fish (< 3 cm) in the catch from
tributaries and the mainstem.

' Growth rates of these species in the mainstem Colorado River is sporadic and will affect our
ability to estimate spawning time. The amount of time spent in the warmer, more productive waters
of the tributary or a backwater versus that spent in the cold, less productive water of the mainchannel
greatly affects growth (Piper et al. 1982; Lupher and Clarkson 1994). Therefore, estimates of
spawning time should not be considered to be exact. .

RESULTS

Examination of length-frequency plots indicated that, although fish in the 0-9 mm and 10- 19
mm length classes were captured, fishwere not fully recruited to these gear types until they reached
20-29 mm in total length. Adult captures in tributaries and the appearance of lanral fish in
collections indicated an extended period of spring spawning for bluehead suckers, flannelmouth
suckers, and humpback'chub. Speckled dace and fathead minnows appeared to spawn throughout
the spring and summer. Other species were not captured in numbers sufficient enough to estimate
spawning periods. Appendices 7-12 show the number of fish of each species caught in each length
class on each trip.

Bluehead Sucker
Adult bluehead suckers were captured in the mouths of the LCR and Shinumo, Kanab, and

Havasu Creeks as they ascended those streams to spawn in March, April, and May. Bluehead
suckers in length classes 0, l, and 2 cm were captured in the LCR in July, in Shinumo Creek in
September, in Kanab Creek in May and April, and in Havasu Creek in April, May, and June.
However, few juvenile bluehead suckers were captued in any of the tributaries, indicating that they
quickly move out into the mainstem Colorado River after hatching. Larval bluehead suckeri first
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entered the mainstem catch in April as I cm fish and were capturcd along with age I juveniles
(Figure l5). In lvlay, YOY becamc corlmon and theit modal size class was 2 cm. Bluehead sucker
YOY continued to be caught through June, July, and August. No YOY bluehead suckers were
caphued dudng September. However, bluehead suckers from the I cm size class were captured in
October and November and may represent a fall spawning period for these fish.

Flannelmouth Sucker
Adult flannelmouth suckers were captured in the mouths of the major tributaries from March

through May (and even into June 1993 in Kanab Creek). Very few YOY flannelmouth suckers were
captured in tributary mouths. Onen flannelmouth sucker from the I cm size class was caught in
Kanab Creek in June 1993 and 50 were caught in April 1994. Also, one flannelmouth sucker from
the I cm size class and one from the 2 cm size class were captured in Havasu Creek in June 1993.
However, large numbers of larval and juvenile flannelmouth suckers were found in backwaters in
the mainstem samples (Figr:re 16). These fust appeared in April as fish from the 1 cm size class and
were captured simultaneously with age I flannelmouth suckers. Young-of-the-year flannelmouth
suckers dominated the catch for the remainder of the year and continued to be captured through July.

Humpback Chub
Humpback chub spawn predominantly in the LCR. We captured a few adults in the mouth of

the LCR in March, April, and July (refer to the Linle Colorado River report for detailed information
on spawning of humpback chub in the LCR). However, we have captured large numbers of YOY
humpback chub in the mainstem below the LCR (Figure 17). Young-of-the-year (2-3 cm size
classes) first appeared in March. These continued to appear in small numbers in April with the I cm
size class fish being captured. Larger numbers of YOY humpback chub appeared in samples from
May and YOY's dominated the catch of humpback chub from June through November. Humpback
chub appear to be recruited into the population through July. However, growth of humpback chub
in cold water can be extremely slow or they may not grow at all (Lupher and Clarkson 1994).
Therefore, small fish captured in July may simply be fish that hatched.early but moved into the
mainstem soon after hatching and grew slowly.

Evidence of humpback chub spawning outside of the LCR was also discovered. Three small
humpback chub, 22-30 mm were captured in a backwater at RNI 44.27 in Juty 1993. Small
humpback chub were consistently captrued at this site throughout the remainder of 1993 and to a
lesser extent in 1994. Small humpback chub (14-46 mm) were also found in Reach 50. Twenty-
three small chub were capfrued between RM 185-208 and a single fish (23 mm) at RM 168.75. Both
of these sites are distant enough from the LCR that it is unlikely that they were spawned in that
tributary.

Speckled Dace
Speckled dace appear to spawn from May through October, and likely do so in both the

mainstem and tributaries. Speckled dace in the 1 cm length class firqt appeared in the mainstem
catch in May. Speckled dace <3 cm continued to be captured through November (Figure 18).

Fathead Minnow
Fathead minnows appear to spawn throughout the summer in both the tributaries and the

mainstem. Fathead minnows < 2 cm were first captured in April and continued to be captured
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I ttnough September (Figw€ 19). Fathead minnow eggs were found attached to a datasonde set in a
backwater just upstream from the LCR in late May.

l-
r Rainbow Trout

r, Rainbow trout are known to spawn in Nankoweap Creek and other downstream tributaries

I @right Angel Creek, Shinumo Creek, and Tapeats Creek), and in the mainchannel in the Lee's Ferryr area (Maddux et al. 1987). They probably also spawn anywhere else that they can find suitable

I conditions, particularly clean gravel of the appropriate size. Rainbow trout 2-3 cmlong were first

I captr.ued in January. Young-of-the-year rainbow trout continued to be captured through the spring
and summer until September (Figure 20). Spawning adults were not captured.
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Information from adult and larval captures indicate an extended period of spawning activity for
all species. Precise determination of the time of spawning from these data was not possible, for any
species, since no eggs and few newly hatched larvae were collected. Also, we did not sample
extensively in the late winter and early spring and could have missed early spawning activity.
Bluehead suckers, flannelmouth suckers, and humpback chub appear to spawn in the spring, from
March through May in one or more of the major tributaries: Little Colorado River, Shinumo Creek,
Kanab Creek, and Havasu Creek. The smaller species, speckled dace and fathead minnow, spawn
later in the spring and throughout the summer. John (1963) found that spring and late summer
flooding induced spawning in speckled dace. These fish likely spawn in both the tributaries and in
backwaters of the mainstem Colorado River. Rainbow trout appear to have a protracted spawning
period, as small YOY were found from March through September

Bluehead suckers also appear to spawn in small tributaries, e.g., Clear Creek and Crystal Creek,
and may spawn in the fall, as indicated by the collection of larvae in the I cm.length class in October
and November. One of these (13 mm) was caught in the mouth of Crystal Creek. The remainder
were found in backwaters in the lower canyon, below Havasu Creek, the furthest known spawning
area downstrearn. Crystal Creek is a very small tributary. Clear Creek is a small, perennial tributary
where bluehead suckers have been observed in spring and early sunmer. If bluehead suckers spawr
in these small streams, they may be able to use other small, seasonal tributaries for spawning, as
well.

Flannelmouth suckers also spawn in the Paria River (Weiss 1993, AGFD 1994) and Bright Angel
Creek (Otis 1994).' Weiss found newly hatched flannelmouth sucker lanrae in spring 1992.
However, no flannelmouth suckers were found soon afterwards, indicating a quick dispersal from
the stream. No flannelmouth sucker larvae were found by either Weiss or AGFD in 1993. We found
larval flannelmouth suckers in the Paria River in 1994. Our data show very few larvae or juveniles
in the tributaries but large numbers in backwaters in the mainstem Colorado River downstrearn from
spawning tributaries. This indicates that these fish quickly .leave the tributaries, possibly an
adaptation to declining water quality conditions in spawning strearns. The Paria River and Kanab
Creek warrn to excessively high tempbrattres (34"C in Kanab Creek in Auggst) dtging the summer,
making them inhospitable to fish. In Shinumo and Havasu Creeks, the presence of barrier falls a
short distance from the mouth means that the fish have only a short length of stream available to
them. Also, resident'rainbow and brown trout, both of which are likely predators of yor:ng
f'lannelmouth suckers (Valdez and Ryel 1995) are present in Shinumo Creek. Havasu Creek has
large expanses of spawning gravel but little or no areas of slow moving.water for rearing. Therefore,
with the exception of the LCR, the tributaries of the Colorado River in Grand Canyon do not appear
to be suitable for development of larval fish spawned from mainstem resident adults.

Our discovery of humpback chub spawning outside of the LCR in 1993 and 1994 is of great
interest' The upstream site at RNL44.27 is 27 .7 km and several large rapids upstream from the LCR.
It is extremely unlikely that fish as small as 22 mm could travel ttrat Oistance upstream through fast
and turbulent water. The probable spawning area of these fish is a series of warm springs n"* nVt
30' The backw'ater at RM 44.27 is the first backrvater below the supposed spawning *.u that is
reliably present. Yaldezand Masslich (1994) found ripe adults in the area of thl warm springs (RM
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30) and on 14 July 1994 found 'approxirnately 100 YOY humpback chub in the mouttr of the spring
at RM 30.7" (mean length of 24 mm). Using a growth equation from Muth (1990), Valdez and
Masslichestimatedthc agsof these fishto be approximately 36 days, making their date of hatching,
approximately 8 Jrme 1994. However, this cunre was developed for fish raised at temperafires of
l8-23"C and these wild humpback chub were capfiued in water of 16-l9oC. Additionally, these wild
chub were probably not receiving as much food as those in Muth's study. Therefore, it is likely that
these fish are substantially older. Our captues ofjuvenile humpback chub at RNl44.2l show a wide
range of sizes throughout the year with fish as small as 29 mm being captured in September 1993.
Using this same method of assigning hatching dates, our data would indicate a protracted spawning
period from June through August for fish collected at RM 44.27. This is possible, but growth in
these fish is probably extemely slow and greatly variable, suggesting that the actual hatching dates
may be earlier.

Small humpback chub were also collected in backwaters in Reach 50, approximately 200 km
downstream from the LCR. It is possible that these fish drifted from the LCR, but they would have

lad to negotiate a large number of extremely turbulent rapids and avoid predation to have reached
this area of the river. Again, using Muth (1990) as an estimator, these juvenile humpback chub have
backcalculated hatching dates ranging from mid-April through mid-August. These dates may be
possible, but probably also reflect slow and sporadic growth of these fish in the mainstem due to
variable foraging success and changing water temperatures as fish move between habitats.

Estimating growth of humpback chub in Grand Canyon is a complex problem. The amount of
time spent in backwaters or the LCR, where the water is warmer and food is more available greatly
affects growth rates. Fish that leave the warm springs for a backwater may grow faster than those
remaining in the area.of the wann springs. The water temperature in the wann springs is warmer
than the mainchannel but colder and probably has less available food than most backwaters. In any
case, spawning of humpback chub in the warm springs probably occurS in May and June, as the
water of the mainstem wanns slightly with lengthening photoperiod and more direct exposure to the
sun. Mean mainchannel temperatures increased from 8.44"C in March to 9.22oC in April and to
10.58"C in May, before leveling offfor the remainder of the sunmer. This increase in temperature
may have initiated spawning ofhumpback chub. An increase, then decrease in river discharge is also
a spawning cue for humpback chub (Karp and Tyus 1990). However, weekday stream discharges
in 1994 did not change substantially from March through early June.

In summary, humpback chub, bluehead sucker and flannelmouth sucker spawn in the spring and
early summer with timing varying annually and with the spawning site. Humpback chub spawn in
the Little Colorado River and probably in limited numbers outside of the LCR. Flannelmouth
suckers spawn in the major tibutaries of the Colorado River. Bluehead suckers spawn in the major
tributaries and probably smaller tributaries. There is evidence of fall spawning of bluehead sucker
in Crystal Creek and, possibly, other tributaries in the lorver canyon. Speckled dace and fathead
minnow spawn from late spring and into the early fall, probably as long as water temperatures
remain suffi cientlv hish.
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Oticctive 3.4. Detemination of the chrngc! in environmentd conditioru in meinrtrcam rnd
tributety confluence zone netive fish rearing hrbitats under difierent flow regimes.

As noGd earlier, backwaters and tributary mouths are important native fish rearing areas in the
Colorado River, Grand Canyon (Maddrx et al. 1987; Angradi et al. 1992). This section of this
report examines environmental conditions in these areasi, as compared to the mainchannel, and their
variation under different flow regimes.

Obiective 3.4.u Measure water depth, temperature, pH, dissolved oxygen, specific
conductance, and redox potential at each backwater, tributary mouth, and adjacent
mainstream sites under a variety of controlled GCES Research flows and interim operations.

METHODS

At each sampling site, a series of measurements were taken to characterize the habitaf The
number of locations from which habitat data were recorded within each sampling site depended on
the sampling protocol used. Data collected included all or some of the following: temperature (oC),
turbidity (NTU), velocity (cm/s), dissolved oxygen (DO; mg/L), conductivity (pS/cm), pH,
estimated stream discharge (m3/s, cms), and flow stage. Flow stage indicated whether river
discharge was ascending, descending, steady high (peak), or steady low (nadir). Temperatwe, DO,
conductivity, and pH were measured using a Hydrolab H20. Turbidity was measured using a Mini
20 Spectrophotometer with a nephelometer attachment. Velocity was measured using a Marsh-
McBimey Model20lD portable water current meter. The Little Colorado River and Bright Angel,
Shinumo, Kanab, and Havasu Creeks were sampled several times throughout the year, but not
necessarily on every trip. We usually sampled each tributary only once per trip, making it difficult
to discern potentially important differences. Also, variation in the location of sampling within a
tributary mouth may have affected results.

For both mainstem (mainchannel and backwater habitats) samples, MANOVA was used to test
for differences in the habitat variables (temperature, turbidity, velocity, DO, and conductivity,
between estimated discharge, flow stage, month, year, reach, and habitat. If a significant relationrhip
was found for habitat, ANOVA was conducted to examine differences in the habitat variables
between estimated discharge, flow stage, month, year, and reach in backwaters and mainchannel
habitats, separately. Tributary analyses were conducted similarly: MANOVA tested significance
differences in the habitat variables between tributary, month, year, estimated discharge, and flow
stage. If differences were found between tributaries, separate ANOVA's were conducted to exasrine
differences in the habitat variables in each tributary in relation to month, year, estimated discharge,
and flow stage. The Ryan-Einot-Gabriel-Welch multiple F test (Day and Quinn 1989) was used to
determine the source of significant differences found in ANOVA's. A regression of mainchannel
water temperature vs. river mile was used to determine the rate of warming as the water flows
downstream for each month. Statistical tests \,vere considered to be significant at a=0.05.
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RCSULTS

Mainstem
Mean mainstem (baclcwater and mainclrannel) temperature, turbidity, DO, conductivity, and pH

all changed significantly (F0.0001) over the period of the shrdy. Specific changes are discussed
below.

Mainchannel temperatues warmed significantly (^F0.0004) as the water flowed downstream.
The average rate of change was l"C / 48.31 miles. This predicted rate.of warming ranged from loC
128.44 miles in June to l"C 1273.07 miles in February. The regressions for January, October, and
November were not significanl (P>0.0937). In January and November the regressions predicted
cooling of the water.

Temperature
Mean overall temperature ("C) in the mainstem Colorado River (Figure 2l) varied significantly

by month (P:0.0001), yen (P=0.0005), and reach (P=0.0001). Backwaters were significantly
warmer than the mainchannel (P:0.0001). Mean temperatwe did not significantly vau.y with changes
in estimated discharge (P:0.4150) and flow stage (P=0.1642).

In the mainchannel, temperature varied significantly with month (P=0.0001), reach (P:0.0001),
year (P=0.0011), estimated discharge (P:0.0006), and flow stage (P:0.0035). Mainchannel water
was warmer in August (14.67" C) than any other month. June (13.37o C), July (13.16" C), May
(12.70" C), and September (12.63" C) were warTner than all months, except August. Febnrary (8.57'
C) and January (8.60'C) were colder than all other months. Reach 50 (13.75' C) had significantly
\,varmer water than the other reaches. Reach 40 (12.48' C) was wanner than Reaches 30 (10.64' C)
and 20 ( 1 0.40' C), which were not significantly diflerent. Mean mainchannel water temperature was
warmer in l99l (13.92'C) than the other three years. Mean water temperaflue at the time of
sampling was wanner in 1 994 (12.49' C) than 1992 (ll .64" C) and 1993 ( I I .23' C) which were not
different from each other. Mainchannel water was waffner under steady high or steady low flows
than under descending or ascending flows.

In backwaters, mean temperatue varied significantly among months (P=0.0001), reach
(P=0.0001), and year (P:0.0328) but not with estimated discharge (P=0.4150) or flow stage
(P=0.1642; Figure 2l). Mean baclcurater temperature was wanner in August (16.75'C) than in all
other months except May (15.56o C) and June (15.18'C). February (8.78'C) hadthe coldest mean
water temperature in backwaters and October (11.40" C), March (1L.42" C), and November
(1 1.80"C) were colder than all other months, except February and April (12.50' C). Backwaters in
Reach 50 (16.28" C) were wanner than all other reaches. Reach 40 (13.31o C) backwaters were
wanner than those in Reaches 30 (12.44'C) and 20 (1 1.86o C), which were not different. The water
in backwaters was signifibantly wanner in 1991 (16.67" C) than the other three years. In 1994
(14.59' C) backwaters were warner than in 1992 (12.89" C) and 1993 (12.640 C) which were not
ditferent. The water in backwaters was wanner under steady high or steady low flows than under
descending or ascending tlows.
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nnbW
Mean turbidity Nru) was not significantly different betrreen mainchannel and baclnraters

(H.496q. Thaeforc, these data were pooled for furttrer analyses. Mean firbidity in the mainst€,m
Colorado River (Figure 22)vaiedsignificantty by month (F0.0001) ,yat (P=0.0001), and reach
(P=0.0001). However, turbidity did not significantly vtry by estimated discharge (p=0.0709) or
flow stage (P:0.2162). Mean turbidity was higher in March (831 NTU) than any other month. In
1992, mean turbidity (601 NTU) was higher than in tgg3 (249 NTU) and 1gg4 (25.4 NTu),
although only 7 measurements were recorded in 1994 (no tr:rbidity measurements were recorded in
l99l). Mean ttrbidity in 1993 was also higher than in 1994. Reach 50 had a higher mean trrrbidity
(342 NTtl) than any other reach. Mean turbidity in Reach 20 (7l.}NT[I) was lower than any other
Reach. Mean turbidity in Reaches 30 (234 NTU) and 40 (174 NTU) were not different.

Dissolved Oxygen
Mean dissolved oxygen (mdl) in the mainstem Colorado River (Figure 23) varied significantly

by month (P=0.0004) and reach (P=0.0001) and mean DO in the mainchannel was significantly
higher than in backwaters (P=0.0001). However, mean DO did not significantly vary by year
(P=0.8241), estimated discharge (P=0.0853), or flow stage (p=0.7597).

In the mainchannel, mean DO varied significantly with month (P:0.0001) and reach (P:0.0001),
but not by year (P=0.7475), estimated discharge (P=0.0777), or flow stage (P:0.9099). Mean DO
was higher in November (11 .a0 mglL) than in any other month and higher in October (10.85 mg/L)
than in August (9.90 mg/L). Reaches 20 (10.87 mg/L) and 30 (10.65 mgL) had higher mean DO
levels in the mainchannel than Reaches 40 (10.37 mglL) and 50 (10.24 mg/L).

In backwaters, mean DO also varied significantly by month (P=0.0001) and reach (P:0.0001)
but not by year (P:0.9191), estimated discharge (P--0.8662), or flow stage (P=03c63;. In these
sites, mean DO level was higher in November (10.77 mg/L) than in all othpr months except October
(10.70 mg/L) and March (10.43 me/L). Backwaters in Reach 20 (10.49 me/L) had higher mean DO
than all other reaches. Reach 30 (9.9S mgL) had higher mean DO than Reach 50 (9.58 mg/L), but
not higher than Reach 40 (9.84 mg/L).

SpeciJic Conductance
Mean conductivity (pS/cm) in the mainstem Colorado River (Figwe 24) vanedsignificantly by

month (P=0.0001), reach (P=0.0001), year (0.0001), estimated discharge (F0.0011), and flow stage
(P=0.0009). Mean conductivity was also significantly higher in baclcvraters than in the mainchannel
(P=0.0231).

Mean conductivity in the mainchannel varied significantly between months (p:0.0001), reaches
(P=0.0001), and years (P=0.0001), but not by estimated discharge (P=0.9358) or flow stage
(P=0.3035). Mean conductivity was higher in April (1071 pS/cm) than in any other month. Mean
conductivity in March (1000 prS/cm) was higher than any other month, except April. In July (7g6
pS/cm) mean conductivity in the mainchannel was significantly lower than any month except
October (816 pS/cm) and November (826 prS/cm). Mean conductivity in Reaches 30 (95S pS/cm)
and 50 (953 pS/cm) were higher than the other two reaches. Reach 20 (863 pS/cm) had lower mean
conductivitv in the mainchannel than all other reaches, including Reach 40 (916 pS/cm). Multiple
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comparisons did not r€veal any differences in mean conductivity between years (probably drrc to
variation in sample sizes betrreen years).

Baclnn'ater mean conductivity also varied significantly with month (F0.0001), reach
(F0.0001), and year (F0.0001), but not estimated discharge (F0.4195) or flow stage (f=0.7715).
April (1071 pS/cm) had a higher mean conductivity than all other months. Mean conductivity in
March (1000 pS/cm) was higher than all other months, except April. October (791 pS/cm) and July
(797 1tS/cm) had lower mean conductivities than all other months. Mean conductivity in Reach 50
(955 pS/cm) was higher than all other reaches except Reach 30 (943 pS/cm). Mean conductivity
in Reach 20 (880 prS/cm) was lower than that of all other reaches. Reach 40 (917 pS/cm) was
significantly different from all others, except Reach 30. Mean baclcrvater conductivity in 1994 (872
pS/cm) was lower thanL992 (975 pS/cm) and 1993 (942 prS/cm). No specific conductance readings
were taken in 1991.

PH M"*rpH in the mainstem Colorado River (Figrle 25) variedsignificantly by month (F0.0001)
and reach (P=0.0001), and was significantly higher in backwaters than in the mainchannel
(P:0.0001). Mean pH did not significantly vary by year (P:0.4451), estimated discharge
(P=0.1979), or flow stage (P:0.4232).

Mean pH in the mainchannel varied significantly by month (P:0.0001), reach (P=0.0001),
estimated discharge (P:0.0001), and flow stage (P:0.041S). Mean pH was lower in September
(7 .91) and October (8.00) than all other months. Mean pH in Reaches 50 (8.33) and 40 (8.31) were
higher than in the other two reaches. Reach 30 (S.1 l) had a higher mean pH than Reach 20 (7 .87).
Multiple comparisons showed no difference in pH between flow stages at c=0.05.

Backwater mean pH also varied with month (P:0.0001), reach (P=0.0001), estimated discharge
(P=0.0001) and flow stage (P=0.0040), but not yeat (0.9776). Mean pH in August (8.30), July
(8.25), May (8.24), and June (8.21) were higher than those in October (7.95), September (8.00), and
November (8.02). Reaches 40 (S.32) and 50 (8.27) had higher mean pH levels than those of the
other two reaches. Mean pH in Reach 20 (8.01) was lower than in Reach 30 (S.16). Mean pH was
higher under steady high flows (8.30) than under steady low flows (8.02).

Vetocity
Mean water velocity (cm/s) of sampling sites in the mainstem Colorado River (Figure 26) varied

significantly by year (P:0.0030) and estimated discharge (P=0.0484), and was significantly higher
in the mainchannel than in backwaters (P=0.0001). Mean velocity did not significantly vary by
month (P=0.4 I 3 1), reach (P=0. 197 6), or flow stage (P=0. 2092).

In the mainchannel, mean velocity of the sampling sites did not significantly change by reach,
month, year, estimated discharge, or flow stage (P=0.0633). No further analyses were conducted.

In backwaters, mean velocity changed significantly with month (P=0.0091), yed (p-0.0378),
and estimated discharge (P=0.0430) but not by reach (i=0.3081) or flow stage (P:0.3845). Mean
velocity of backwaters sampled in August (6.78 cm/s) was higher than those sampled in May (3.50
cm/s), October (3.32 cm/s) , July (3.29 cm/s), and February (2.00 cm/s). Multiple comparisons did
not show any differences in mean velocity between ).ears.
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Tributariec
In the tibutaries, temperaturg turbidity, dissolved oxygen, and conductivity all changed

significantly over the sampling period (P<0.0198). However, pH did not vary significantly
(F0.ee31).

Tentperature
Mean temperature (" C) in the Fibutaries (Figure 27)vaiedsignificantly by month (P=0.0001)

and tributary (P=0.0064). However, mean temperature in the tributaries did not significantly vary
by year (P=0.2566) or estimated discharge (F0.6S09). Mean temperature in Kanab Creek (21.72
C) was warmer than all other tributaries, except Havasu Creek (19.36" C). Mean temperatures in
the other tributaries ranged from 17 .72-l 8. I 3o C.

Mean temperature at time of sampling in LCR did not significantly change (P=0.3799). Mean
temperature in Bright Angel Creek was significantly (P=0.001l) lower in January (6.33" C) than
during all other months (14.25-19.65" C). Mean temperature at time of sarnpling in Bright Angel
Creek did not vary between years (P=0.1930). Mean temperature in Shinumo Creek was
significantly higher (P:0.0001) in August (20.46" C), July (19.37" C), and September (18.68" C)
than in January (5.10' C), February Q.60" C), April (10.70. C), and March (10.73" C). Mean
temperature in Shinumo Creek did not vary between years. In Kanab Creek, mean temperature in
August (25.92" C) was significantly (P=0.0001) higher than atl other months. Mean temperatures
ranged from 16.91-20.27o C and were significantly lower in January (7.25" C), February (9.20. C),
November (10.71" C), and March (12.58" C) than all other months. In 1994 mean temperature in
Kanab Creek (20.83" C) was significantly (P:0.0010) higher than 1991-1993. Mean temperature
in 1991 (12.92" C) was significantly lower than in 1993 (16.35o C), but not different from 1992
(15.20" C). Mean temperature in Havasu Creek was significantly higher (F0.0001) in July (2Z.gS"
C) than in any other month. August (20.90" C) and May (20.24o C) had higher mean temperatures
than all other months except July. Mean temperature in November (14.3o C) was lower than all
other months. In 1994 mean temperature at time of sampling (20.74' C) was significantly higher
(P=0.0001) than in 1993 (17.47" C).

Turbidity
Mean turbidity (NTII) in the tributaries (Figure 28) varied significantly by month (^F0.0001),

year (P=0.0001), and tributary (F0.0001). LCR had a higher mean turbidity (2181 NTU) than all
other streams. Mean turbidity in Kanab Creek (56 NTU) was higher than all other streams (5-16
NTU), except LCR.

Mean turbidity at time of sampling in LCR varied significantly by month (P=0.0001) but not
wi!! vgarf=0.0957). Mean turbidities for all months were significantly different: September
(6600.0 NTU), March (3399.3 NTU), April (1106.7 NTU), and July (4,8 NTU). Mean tr:rUiaity in
Bright Angel Creek (P=0;4604) and Shinumo Creek (P=0.2106) at time of sampling did not
significantly change. Mean turbidity in Kanab Creek was significantly higher in March g5Z1NTLf)
than in all other months (3-280 NTU). There were no significant differences in turbidity among
years in Kanab Creek (P=0.8917). Mean turbidity at time of sampling in Havasu Cieek was
significantly higher (P=0.0474) in November (18 NTU) than in June (2 NTU). Mean rurbidity in
Havasu creek did not significantly vary between years (p=0.2639).
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Dissolved Oxygen
Mean dissolved oxygen (m/L) in the tributaries (Figrrrc 29) varied significantly by year

(P=0.0034) and tribrutary (F0.0050). However, mean DO did not vary by month (^F0.0970).
Mean Do was lower in LcR (7.00 mgll) than any other tributary (8.30-9.47 mg/t).

Mean DO in LCR was significantly higher (P=0.0202) in 1993 (93a mgL) than in 1994 (4.53
mgL), although only one measurement was recorded for 1994. Mean DO in the LCR did not vary
by month (P=0.1495). Mean DO at time of sampling in Bright Angel Creek (P=0.7682) and
Shinumo Creek (P:0.0755) did not significantly change among months. Mean DO in Kanab Creek
at time of sampling was significantly higher (P:0.0019) in September (9.03 mgL) and April (8.84
mg/L) than in June (7.20 mg/L) and August (7.60 mglL} Multiple comparisons of mean DO in
Kanab Creek showed no significant variation among years (P>0.05). Mean DO at time of sampling
was significantly higher (P:0.0002) in November than any other month. Mean DO in July (8.10
m/L) was significantly lower than any other month except April (8.60 mg/L). Mean DO in Havasu
Creek did not significantly vary between years (p:0.0870).

Specilic Conductance
Mean conductivity (pS/cm) in the tributaries (Figure 30) varied significantly with month

(P=0.0001), YEil (P:0.0001), and tributary (P=0.0001). Mean conductivity was higher in LCR
(2920 pS/cm) than all other tributaries. Kanab Creek (1213 prS/cm) had the second highest and
Havasu Creek (670 pSicm) had the third highest mean conductivity. Shinumo (350 pS/cm) and
Bright Angel (303 pS/cm) Creeks were the lowest and not significantly different.

Mean conductivity at time of sampling in LCR (P=0.0604), Bright Angel Creek (P:0.6554) and
Shinumo Creek (P=0.2475) did not significantly change. Mean conductivity in Kanab Creek was
significantly higher (P=0.0001) in April (1728 pS/cm) than in all other months (960-1199 pS/cm).
Mean conductivity was also significantly higher (P=0.0003) in 1993 (1404 pS/cm) than in 1994
(1061 pS/cm) or 1992 (1000 pS/cm), which were not significantly different. In Havasu Creek, mean
conductivity was significantly higher (P=0.0007) in April (720 prS/cm) than in all other months
(610-630 prS/cm) except June (710 prS/cm) and lvlay (699 prS/cm). There was no significant
difference in conductivity in Havasu creek between years (p:0.:ogt).

pH
The MANOVA for pH in the tributaries (Figure 31) showed no significant (P:0.9931)

differences. Therefore, no further analyses were conducted.

Velocity
Mean velocity of the sampling sites in the tributaries (Figure 32) varied by year (p:0.0043) and

tributary (P:0.0224), but not with month (P=0.3601). Velocity at sampling sites in Bright Angel
Creek (32.0 cm/s) were higher than those in Kanab Creek (6.8 cm/s). Mean velocities in the other
tributaries ranged from 16.2-24.0 cm/s.

No significant differences were found in mean velocity at sampling sites in LCR (p:0.7700),
Bright Angel Creek (P=0.1232), Shinumo Creek (P:0.43 l5), or Havasu Creek (p:0.3720). Mean
velocity at sampling sites in Kanab Creek was significanrly higher (P:0.0001i in September (55
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crn/s) than in all other montbs (4.3-7.2 cm/s). Mean velocity did not significantly vary among yeant
in Kanab Creek (F0.6532).

Drscusstoil

Since the closure of Glen Canyon Dam, conditions in the Colorado River in Grand Canyon have
dramatioally changed. Specifically, changes in water temperature and turbidity have great potential
for impacting native fishes. Due to hypolimnial releases from Glen Canyon Dam, water
temperatr.res in the Colorado River, Grand Canyon, have become constantly cold with little seasonal
fluctuation. Summer temperatr.ues at Lee's Ferry are now an average of 11o C colder than pre-dam
conditions (Stanford and Ward 1991). Backwaters and tributary mouths offer some refuge from
these cold temperatures. However, fluctuating flows, that are a normal part of dam operations,
moderate backwater warming by flushing and/or inundating these habitats (Kennedy 1979).
Mainstem water temperatures did wann as the water traveled downstream from Lee's Ferry to
Diamond Creek. We found that water temperature changed as much as lo C perZ8.M miles taveled
downstream, in June. This means that by the time the river reaches Diamond Creek in June,
mainchannel temperatures are only approximately 17.5" C, and still have noi reached the preferred
temperature (21.0-24.4'C) for juvenile (80-i20 mm) humpback chub (Bulkley et al. 1982). No
mainstem (including backwaters) monthly mean temperature reached these preferred temperatures.
The only.mean temperatures reaching this level were in Havasu Creek (July) and Kanab Creek
(August). Kanab Creek in August reached as high as 34o C, too warm for any native fish in the
Grand Canyon.

The timing of the seasonal temperature cycle has also changed. Pre-dam high temperatures
coincided with low flows in July and August. Now, flows are highest during the later sunmer
months due to increased demands for electricity. High flows of cold water do not wann as quickly,
keeping mainstem water temperature cold throughout the canyon, even duning July and August when
air temperature can exceed 50o C. Conversely, backwaters wann in a more seasonal manner.
However, since they are affected by mainchannel temperatures they rarely reach preferred
temperatures for humpback chub, especially in the upstream reaches where humpback chubs are
most commonly found. Our findings were similar to that of Maddu et al. (1987), who demonstrated
that backwater habitats are benefitted by decreasing fluctuation of discharges. becreased exchange
between mainchannel and backwaters allows for an increase in the warming of the backwater
(Kennedy 1979). Hoffrragle (in review) found that both the mainchannel and baclavaters warmed
significantly under a steady flow regime as compared to a fluctuating flow regime. Appendix 13
provides further discussion of the effects of steady vs. fluctuating flows on temperaflre and water
quality of backwaters.

Turbidity in the Colorado River, Grand Canyon, is now mostly dependent upon input of
sediments from the Paria and Little Colorado Rivers (Cole and Kubly 1976; Andrews iqqf).
Maddux et al. (1987) found turbidity levels to increase ',vith distance downstream from the dam
when either the Paria or Little Colorado Rivers were discharging above base flow. Yard et al. (1993)
reported increased light attenuation in the Colorado River with distance downstream from the dam.
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Fig . 27. Mean, minimum, and maximum temperature (o C), by
month, recorded during sampling in the mouths of Little Colorado
River, Bright Angel Creek, Shinumo Creek, Kanab Creek, and Havasu
Creek, Grand Canyon, 1 991 -94,
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Fig . 28. Mean, minimum, and maximum turbidity (NTU), by month,
recorded during sampling in the mouths of Little Colorado River, Bright
Angel Creek, Shinumo Creek, Kanab Creek, and Havasu Creek, Grand
Canyon, 1991-94.
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Fig. 29. Mean, minimufll, and maximum dissolved oxygen (mg lLl , by
month, racorded during sampling in the mouths of Little Colorado
River, Bright Angel Creek, Shinumo Creek, Kanab Creek, and Havasu
Creek, Grand Canyon, 1 991 -94.
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Fig.30. Mean, minimum, and maximum specific conductance (/rS / cm),
by month, recorded during sampling in the mouths of Little Colorado
River, Bright Angel Creek, Shinumo Creek, Kanab Creek, and Havasu
Creek, Grand Canyon, 1991-94.
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They reported that the most cornmon light scattering component was suspended sediment particles.
Our data generally agre€, showing that turbidity was lowest in Reach j0, Reaches 30 and 40 had
intermediate levels of turbidity, and Reach 50 had the highest mean turbidity. We also found
twbidity to be highest during March, when snowmelt runoff is most predictably entering the
mainstem from the Paria and Little Colorado Rivers and other tributaries.

Low turbidity appears to stongly affect fish behavior. Data from this study (see Objective 3.6)
show that speckled dace and juvenile humpback chub and flannelmouth sucker are more likely to
use near shore areas under conditions of high trxbidity. Valdez and Ryel (1995) found similar results
with adult humpback chub and flannelmouth sucker. High turbidity is probably used as cover by
these fish as it reduces the probability of being seen by a potential predator (Miner and Stein lgg6i.

Dissolved oxygen was found to be higher in the mainchannel than in backwaters. However,
backwater dissolved oxygen levels were never so low as to be limiting for fish. This agrees with the
findings of Grabowski and Hiebert (1989) in the Green River, Utah. Mean DO was also found to
be lower in downstream reaches, but was still >10 mg/L. Considering the amount of turbulence
found in the Grand Canyon, it is not surprising that dissolved oxygen levels remained high
throughout

. Conductivity, in both the mainchannel and backwaters, was highest during periods of high
tributary flow' It is likely that tributary inputs increase conductivity in the Colorado River. All
tributaries' except Havasu Creek, had higher mean conductivities than the mainstem. Mainchannel
conductivity was highest in Reaches 30 and 50, both of which contain major tibutaries in their upper
portions. None of these conductivity levels are likely to have affected the native fish specfus.
Pimentel and Bulkiey (1983) found that humpback chub avoided total dissolved solidsifOsl
concentrations >5100 mg/L. Our recorded conductivity levels, ranging ftom230-4350 pS/crn are
equivalent to 147'2784 mgll total dissolved solids (TDS = 0.64 x Conductivity), well below those
avoided by humpback chubs, but also often below that preferred (1563-3906 i{TU) by these fish.

The levels of pH found in this study were relatively constant. Mean pH ranged from 7.60-g.55
and was not extreme in any reach or in any month. Most fresh waters tr-ave a pI{ of 6,7-g.2 (piper
et al. 1982). Most fish have a wide tolerance of pH (Hynes lg70) and, in general, fish grow besi in
r'vaters with pH between 6.5-9.0 (Boyd 1979; Piper et al. 1982). Therefore, it is unlikeiy that pH is
limiting fish or invertebrate populations.

overall, cold temperature is probably the greatest environmental factor limiting larval and
juvenile native fish growth and survival in the Grand Canyon. Turbidity is anotherpotential limiting
factor due to its use as cover by native fishes. Dissolved oxygen, conductivity, and pH were all
within acceptable levels for fish growth and are unlikely to be limiting.

obiective 3.4.c. , Collect sediment cores from the tributary mouths, baclavaters, and
mainchannel and analyze for constituents of environmental importance.:

Backwaters are important rearing habitats for native tishes throughout the Colorado River, Grand
Can,v*on. Arizona (Kubly 1990)' The fate of these backwaters is largily dependant on sediment input
and movement (Rubin et al, 1990; Schmidt 1990; Schmidt and Crui illO;. The major source of
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sediment input comes from the Paria and Little Colorado Rivers (Andrews l99l). Sediment tlBe
can affect the species composition and number of benthic invertebrates within a backwater, thus
affecting the quality of baclorrater habitat for larval, juvenile, and adult fishes. Sediment samples
were collected to ctraracterize sediment composition of backwaters, their associated mainchannel
beacMaces, and tributaries of the Colorado River. Grand Canyon.

METHODS

Sediment core samples were collected from 1991-94. Sediment cores were collected from
backwaters, their associated mainchannel beachfaces, and several tributary mouths. Sampling sites
were representative of four reaches in the Grand Canyon, from Lees Ferry (RM 0) to Diamond Creek
(RM 225). When conditions allowed, individual backwaters were sampled repeatedly throughout
the project. Sediments were separated into organic and inorganic matter within two size classes.
Inorganic particles > 63 prm and < I mm were described as sand and inorganic particles < 63 pm
were described as silt (Hynes 1970). Coarse particulate organic matter (CPOM) was defined as
organic matter > 63 pm and < I mm. Fine particulhte organic matter (FPOM) was defined as

organic matter with a diameter < 63 pm (Cole 1983).

Sediment cores were collected using several protocols over the four years of sampling. In 1 991
and 1992 (Trips l-13), two sampling techniques were used to collect sediment cores from
backwaters, their associated mainchannel beachfaces, and tributaries (Type A and Type B sampling
protocols). In Type A sampling, one sediment core was collected within the baclavater and one from
the mainchannel beachface. In Type B sampling, sediment was sampled in several places along the
long axis of the site. The number of core samples was determined by the size of the backwater and
adjacent eddy.

Tributaries were sampled only in l99l and 1992. Sediment cores were collected from Clear
Creek in 1991 and Kanab and Shinumo Creeks in l99l and 1992. The mean percentage of coarse
vs. fine particles were determined for Clear Creek in 1991. The mean percentage of coarse vs. fine
and inorganic vs. organic particles were determined each year for Kanab and Shinumo Creeks.
Tributary samples were collected along a transect. This transect was established to best followed
the changing conditions from the tibutary mouth to the upperreach of the tributary affected by the
mainstem under fluctuating flows (zone of fluctuation), The number of samples taken was
determined by the size of the area impacted by water level fluctuations.

During 1993 and 1994, sediment core samples were collected only from backwaters. We used
a modified Type A protocol which divided backwaters into three parts: foot (shallowest), center,
and mouth (opening to mainchannel). Sediment samples collected in 1993 consisted of three
samples taken from the backwater (one each from the foot, center, and r,nouth) and one sarnple taken
from the mainchannel beachface. Sampling in 1993 was conducted quarterly (Trips 14, 17,19, and
2l). In 1994, samples were collected at all Type A backw'aters with three samples taken from each
backwater (one each from the foot. center. and mouth) and associated mainchannel beachface (one
each from three locations along a transect perpendicular to shore).

I Sediment samples (50 mL) were collected r.vith a 60 mL plastic syringe with the tip removed.
t Sediment samples from Trips l-14 rvere presen'ed in formalin, and Trips 17, lg,2l, and,22-25 were
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ptcserved in 95o/o ethanol. In the lab, the preservative was replaced with a 5o/o Calgon (sodium
metaphosphate) solution to prevent clumping of particles.

Three methods were used in the lab to determine sand+CPOM (coarse) vs. silt+FpoM (fine) and
inorganic (sand+silt) vs. organic (CPOM+FPOM) composition of the sediment samples. Method
I determined the coarse vs. fine composition ofbaclaraters, their associated mainchannel beachfaces,
and tributaries for years 1991-1993 (Trips l-10, 17, 19,21). Sediment samples were placed into pre-
weighed crucibles and dried at 105'C for 48 hor:rs. The crucibles were then removed, allowed to
cool, placed into a desiccator and weighed to determine the total dry weight of the sample. The
sample was then sifted through a 63 pm sieve to remove fine (silt+FPOM) and smaller particles
(such as clay particles). Particulate matter too large to pass through the 63 prm sieve was then
transferred back into the crucible. The weight of coarse particles was determined by drying for 24
hours, cooling, desiccating, and then reweighing the sample. Fine particle weights were determined
by calculating the difference between total weight and coarse weight.

Method II was used to determine the inorganic vs. organic composition of the sediment samples
from Trips 3 and I 1-14 from backwaters, mainchannel beachface, and tributaries. After determining
the total weight of the sample, as in Method I, the sample was ashed for two hours at 500"C. After
cooling, the sample was reweighed and screened using a 63 pm sieve to wash out the fine particles.
The remainder of the sample was dried for 24 hours and reweighed to determine the composition of
sand in the sample.

Method III was used to analyze sediment samples from baclavaters and mainchannel beactrfaces
in 1994 (Trips 22-25). The proportions of coarse inorganic and organic particles and fine inorganic
and organic particles were determined using this method. The sample was dried for 24 hor.us in a
pre-weighed crucible. The sample was then mixed thoroughly, and half the sample was placed into
another pre-weighed crucible, creating Samples A and B. As in Method II, Sample A was dried to
determine total weight of the sediment sample and ashed to determine the proportions of inorganic
vs. organic matter of the sediment sample. Sample B was also dried to determine total dry weight,
sieved as in Method I and ashed as in Method II to determine the proportions of coarse vs. fine
particles.

Sediments were characterized as coarse organic, fine organic, coarse inorganic, and fine
inorganic components. .Means ofthe variables were used to calculate percentages coanie and organic
composition. These proportions were tansformed using a square root arcsine tansformation (Krebs
1989). Variables used in the analyses were dichotomous (coarse vs. fine and inorganic vs. organic).
Therefore, only the proportions of coarse and organic particles were statistically analyzed.

Separate ANOVA and Ryan-Einot-Gabriel-Welch Multiple F tests (Day and Quinn 1989) were
pertbrmed to test differences in percentage of coarse and inorganic particles between year, season,
reach, habitat (backwater vs. mainstem), and their interactions. Season was broken down in the
following manner: Spring=March-May, Summer:June-August, Fall= September-November, and
Winter:December-February. Due to small sample sizes. the comparison of sediment composition
among tributaries is presented only as a summary of mean percentages.
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RESULTS

There was a significant difference (P = 0.0001) in the percentage of coarse particles between
habitats (Table 5). Backwaters contained a lesser percentage of coarse particles (68%), compared
to mainchannel beachfaces (88%). The percentage of coarse particles in all habitats also differed
significantly among years (P:0.0001), seasons (P:0.0091), and reaches (P = 0.0001).

Inorganic sediment composition for samples collected from i99l-94 show an overall significant
difference in the percentage of coarse particles. There was a greater percentage of coarse particles
(87%) in 1991 than all other years. Samples from i993 contained a lesser percentage of coarse
particles (54%) than any other year. The percentage of coarse particles in 1992 (80%) and 1994
(75%) did not significantly differ.

Inorganic sediment composition significantly differed seasonally. There was a significantly
greater percentage of coarse particles in winter (81%) than all other seasons. Spring contained the
least percentage of coarse particles (75%) of all seasons. Summer and fall (77% each) did not differ
in their percentage of coarse particles.

There was also a significant difference in inorganic sediment composition among reaches. Reach
30 sediments (68%) contained a significantly lesser percentage of coarse particles than the other
three reaches (75-83Yo) which were not different from each other.

Backwaters (1.7%) contained a significantly higher percentage of organic matter (P = 0.0001)
than did mainchannel beachfaces (1.1%; Table 6). There was also a significant difference in
percentage of organic matter among years (P:0.0001). There was no significant difference in
percent organic composition among seasons (P = 0.0806) and reaches (P: 0.0937).

The organic matter content in sediments in 1992 rvas significantly higher (2.4%) than in 1994
(1.2%) and 1991 (05%). The percentage of organic matter in the sediments in 1993 (2.2Yo) were
significantly greater than in 1991 but did not differ from 1994.

Sediments were composed primarily of .o*r, particles tbr Clear Creek in 1991 and for Shinumo
and Kanab Creeks in 1991 and 1992 (Table 7). Shinumo and Kanab Creeks both had low
percentages of organic particles within their sediments in L99l and 1992.
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Table 5. Mean percentage of coarse vs.
and reach in sediment samples collected
1 991 -94.

fine particles for each habitat, f edr, season,
in the Colorado River, during AGFD sampling,

N

Percent
Coarse

Percent
Fine

Standard
Error

H abitat

Backwater

M ainchannel

Year

1 991

1 992

1 993

1 994

Season

Winter

Spring

Summer

Fal I

Reach

20

30

40

50

532

439

21 2

201

141

417

68

389

243

27 1

187

256

230

298

67.5

88.1

86.8

80.3

53,7

7 5.1

81.6

7 5.3

77,1

77,4

7 5.4

68.4

93.6

79.7

32.5

1 1.9

13.2

24.9

46.3

19,7

18.4

24.7

22.9

22.6

24.6

31 .6

16.4

20.3

1.27

o.76

1.18

1 .92

3.OO

1 .01

2.72

1.40

1 .58

1 .60

2.20

1.go

1.24

1 ,30

'l
'l
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Table 6. Mean percentage of inorganic vs.
and reach in sediment samples collected in
AGFD sampling, 1 991-94.

habit?t, year, season,
Grand Canyon, during

organic particles for
the Colorado River,

I
N

Percent
Inorganic

Percent
Organic

Standard
Error

I
I
I
I
I
I
I
I
I
I

H abitat

Backwater

Mainchannel

Year

1 991

1 992

1 993

1 994

Season

Winter

Spring

Summer

Fa ll

Reach

20

30

40

50

279

266

19

90

33

403

98,3

98.9

99.5

97.6

97.8

98.8

I7.9

98.7

98.8

98.4

98.5

98.7

98.5

98.6

1,7

1.1

0.5

2.4

2,2

1,2

2,2

1.3

1.2

1.6

1.5

1.3

1,'5

1.4

0.09

1.19

o.17

0.49

0.34

0.07

0.34

0.1 3

0.09

0.26

0.14

o.12

o.2g

o,12

33

190

149

173

137

151

166

91

I
I
t
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Table 7. Number of samples and
coarse and fine particles in sediment
collected in each year during AGFD
1 991-92.

mean and standard error of the percentages of
samples from Clear, Shinumo, and Kanab Creeks,
sampling in the Colorado River, Grand Canyon,

I
I
I
I

Site Year N Mean
Standard

Error

Clear Creek

o/o Coarse
o/o Fine

Shinumo Creek

o/o Coarse

% Fine

% Coarse

% Fine
o/o Inorganic

% Organic

Kanab CreSk

o/o Coarse
o/o Fine
o/o Inorganic
o/o Organic

o/o Coarse
o/o Fine

% Inorganic
o/o Organic

1 991

1 991

1 992

1 991

1 992

10

10

1

1

2

2

79.g

20.1

95.7

4,3

62.8

37.2

97.1

2.9

5.65

5.65

1 .01

1.01

o.22
o.22

I
I
I
I
I
I
I
I
I
I
I

11

11

3

3

5

5

2

2

89.4
1 0.6

99.3

o.7

60.9

39.1

98.6

1,4

3.49

3.49

0.1 3

0.1 3

12.45

12.45

0.1 g

0.1 g I
I
I
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DfscusstoN

Analyses of sediment sarnples show that bachraters contained a significantly lower percentage
of coarse particles and a significantly higher percentage of organic matter than mainchannel
beachfaces in the Colorado River, Grand Canyon. The manner in which sediment is deposited in
Grand Canyon may provide insight as to why these differences in sediment composition exist.
Backwaters are found throughout Grand Canyon in recirculation zones generally found in
association with debris fans. Slower velocities in recirculation zones cause deposition of suspended
sediments and organic particles from the mainchannel. Larger sediment particles (sand) are
deposited first, creating a reattachment bar. Smaller particles such as silt, clay, and fine organic
particles are then deposited in the primary-eddy refurn channel when the water level drops and
velocity decreases. This eddy return channel becomes the backwater when water levels drop
sufficiently so that no current is flowing through them (see Figure 3 in Schmidt and Graf 1990).

Sediment composition differed between years and may be attributed to tributary sediment input
and changes in discharge from Glen Canyon Dam. Sediments in 1991 contained a larger percentage
of coarse particles than 1992,1993, or 1994. The interim flow period was not initiated until August
1991. Prior to this date, minimum and maximum discharge and ramping rates were greater, Higher
flows and more varied discharges probably resulted in less stable substrates and a greater likelihood
that fine particles w'ill be transported downstream. Varied discharges can also result in increased
sand erosion from riverbanks, further increasing the percentage of coarse particles in the river
sediments.

In 1993, the sediments were comprised largely of fine particles, more so than the other years
sampled. This ditference in sediment composition may be explained by flooding in the l-ittle
Colorado River in January and Februar.v of that year. These floods deposited large amounts of
sediments downstream from the LCR, creating many backwaters in which fine sediments were
deposited. These backwaters were also deep and bordered by high sand bars, reducing the flushing
effect and potential for inundation by fluctuating tlows.

Sediments collected in winter months contained the largest percentage of coarse particles.
Winter months may contain more coarse particulate matter because there is probably a reduced
amount of fine particles entering the system from tributaries. Larger arnounts of fine particles in the
sediments in the spring may be attributed to tributary flooding during this period.

Variation in sediment composition among the four reaches can best be explained by the general
morphology of the canyon and the effect that tributaries have on the different reaches. Schmidt and
Graf (1990) described various reaches of Grand Canyon as either wide or narrow. Different amounts
and types of deposits are associated with wide or nalrow sections of the canyon, with finer sediments
generally being deposited in the wider areas (Schmidt 1990) where currents are slower and less
turbulent. Reach 40, which contained the greatest percentage of coarse particles in its sddiments,
is a narrow part of.the Grand Canyon and contains t'ew lorv veiocity areas for suspended sediment
to be deposited (Schmidt and Graf 1990).

The primary sediment load to the Grand Cany'on comes fiom the Paria and the Little Colorado
Rivers (Andrervs l99l). '.Reach 30 contained the lorvest percentage of coarse particles (highest
percentage of t-rne particles) r.vithin its sediments. Reach 30 is located directly below the LCR and
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receives a large arnount of fine particles from that nibutary. Sediments from the Paria and Little
Colorado Rivers are not all deposited in Reaches 20 and 30, however. Much of this sediment is
tansported donmstneam. Due to its narrowness and turbulence, little of these suspended sediments
are deposited in Reach 40. However, much of them are also deposited in Reach 50 which contains
many wide areas.

Sediment composition in tributaries varied widely, probably in relation to recent flooding events
in either the tributary or mainchannel. Tributary mouths are similar to backwaters in that th"y *t
generally low velocity areas where fine sediments can precipitate. lndeed, tributary mouths
contained similar percentages of fine and organic particles to those found in backwaters. Backwaters
contained a mean percentage of 33% fine and 1.7%o orgauc particles while tributary mouths
contained a mean of 22Yo fine and l.7Yo oryanic particles.

In conclusion, backwaters contained finer sediments with more organic matter than mainchannel
beachfaces. Tributary mouths contained similar sediments to backwaters. Wide reaches generally
contained tiner sediments than narrow reaches. Annual and seasonal changes in sediments were
largely related to periods of high discharge from the Paria and Little Colorado Rivers.

Objective 3.4.d Map and identi$ each area of study.

Backwaters of the Colorado River in the Grand Canyon are continually altered. Some
backwaters change rapidly, whereas others are slower to change. Mapping enabled us to examine
changes in backwaters between trips, reaches, seasons, years, and estimated discharges. Changes
are due to siltation or scouring of return-current channels, sloughing of associated sandbars, and
other effects of river flows. Backwaters can be characterized in terms of size, depth, or water
volume, and these parameters can then be compared with fish abundance. This portion of the study
examines the changes in these backwater parameters over time.

METHODS

Plane table maps were drawn of each Type A sampling site and some Opportunistic sites. These
maps show perimeter at the water surface of the backwater, contotu lines for 25 cm, 50 cm, 100 cm,
and 150 cm depths, significant features surrounding the site (tapeats ledges, boulders, trees, etc.),
location of nets, and area of habitats within the backwaters such as substrates and vegetation. Each
map was oriented to true north and a measured baseline was drawn for scale. Maximum depth, study
number, location (river mile and side), date, time. and estimated discharge were recorded on each
map. Reference benchmarks were placed at backwaters and vertical distance from benchmark to
water level was measured and recorded.

Maps were analyzed by scanning them into the Map and Image Processing System (MIpS)
software' The maps were calibrated using a measured baseline, enabling us to measure total
perimeter, surface area, atea of each contour interval, and net length,.wtrictr were then used to
calculate volume.

lv{aximum depth (cm), total surface area (m2), total volume (m,), perimeter (m), and percentages
of sediment classes (silt, sand, gravel, pebble, cobble, and boulder) were tested bv MANOVA
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(c=0.05) for the main effects of rcach, season, year, and estimated discharge (flow). Data were
transformed by either a log hansforrration (ma,ximr:m depth, surface area, total volume, and
perimeter) or arcsin transformation (sediment data) before statistical analysis to adjust for non-
normality. Univariate AIIOVA multiple comparison procedures (Ryan-Einot-Gabriel-Welch
multiple F-test, Day and Quinn 1989) were used to show diffenences in means found to be significant
by the MANOVA.

RESULTS

A total of 352 maps were drawn of backwaters during l99l-94. Due to some missing values in
the data set, only data from 284 backwaters were used in the analyses. The results of the MANOVA
showed that overall effects of reach (P=0.0152) and year (P:0.0094) were significant for mar<imum
depth, surface area, total volume, and perimeter (Table 8).

Madmum depth was significantly associated with reach (^F0.0001) and year (P:0.0224). T\ere
were no significant interactions between main effects. Multiple comparison tests showed that mean
depth of backwaters in Reaches 20 and 40 did not differ significantly, but was significantly deeper
than mean depth of backwaters in Reaches 30 and 50 (Table 9). Backwaters in Reaches 30 and 50
did not differ significantly in depth. Backwaters were significantly shallower in 1992 than in 1993
and 1994, which were not significantly different from each other.

Surface area was significantly associated with reach (P:0.0001) and year (P:0.0071). There
were no significant interactions between main effects. Mean surface area of backwaters in Reaches
20 and 30 did not differ significantly, but were significantly larger in surface area than backwaters
in Reaches 40 and 50 which did not differ significantly (Table 9). Mean surface area was greatest
during 1993 than all other years while surface area did not differ in 1991, 1992, and 1994.

Total volume was significantly associated with reach (P:0.0001) and year (P=0.0010). There
were no significant interactions between main effects. Mean total volume of backwaters in Reaches
20 and 30 did not differ significantly, but these backwaters had significantly greater water volume
than backwaters in Reaches 40 and 50 which did ncit differ significantly (Table 9). Mean total
volume was significantly greater during 1993 than during 1992 and 1994, but did not significantly
differ from 1991. Mean total volume did not differ significantly among years during 1991, 1992,
and 1994.

Backwater perimeter length was significantly associated with reach (P:0.0001) and year
(P=0.0093). There were no significant interactions between main effects. Mean perimeter length
of backwaters in Reaches 20 and 30 did not differ significantly, but these backwaters had
significantly greater perimeter length than backwaters in Reaches 40 and 50 which did not differ
significantly (Table 9). Mean perimeter length was significantly greater during 1993 than during
1992 and 1994, but did not significantly differ from 1991. Mean perimeter length did not differ
significantly among years during 1991, 1992, and 1994.

The percentages of backwater area covered by silt, sand, and boulder significantly varied by year
and reach (P<0.0106) while the areas of pebble and cobble did not vary (p>0.6065).
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Although the IvIANOVA for gravel was significant (IH.0021), individual AIIOVA's for year and
reach were not significant (P>0.0636). There wer€ no significant interactions benreen rnain effects.

The mean percentage of silt was signfficantly lower in 1991 than in |gg2,lgg3',and 1994, which
did not differ from each other (Table l0). Silt covered a significantly greater percentage of the
bottom in Reach 30 than any other reach.

Table 8. Multivariate analysis of variance (MANOVA) for reach, season, estimated
discharge (flow), year, reach*season, reach*flow, reach*year, season*flow,
season*year, and flow*year for backwaters in the Colorado River, Grand Canyon,
during AGFD sampling, 1 991-94. MD = maximum depth. SA = surface area.
TV=total volume. PE =perimeter.
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Source
Wilk's

Lam bda
Approx.

F df P>F
Univariate

Sig nif icance

Reach

Seaso n

Flow

Year

Reach * Season

Reach * Flow

Reach * Year

Season * Flow

Season * Year

Flow *Year

o.77 1

0.875

o.497

0.909

o.7 41

o.27 6

o.7 47

0.400

0.750

o.49g

2.1 40

1 .079

0.949

2.629

0.81 8

1 .1 59

1 .197

1 .107

1.420

1.000

12t249

12t249

88t37 4

8/1 88

36/354

1 24t37 6

24t329

88t37 4

2.Ot313

7 2t37 2

o.o 152

0.3792

0.8 21 g

0.0094

o.7 642

0.1 493

o,24',17

o.2591

0.1 1 05

o.4935

MD,SA,TV,PE

SA,TV,PE
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Table 9. .Mean and sample size for maximum depth, surface
perimeter of backwaters in the Colorado River, Grand Canyon,
plane table maps drawn during AGFD sampling, 1991-94.
difference between means with different letters.

area, total volutTt€, and
for reach and year from
There is a significant

I
I

Maximum Depth
(cm)

Mean

Surface Area
(m2)

Total Volume
(m3)

Perimeter
(m)

Variable Mean Mean Mean

I
I
I
I
I

Reach

20

30

40

50

Year

1 991

1 992

1 993

1 994

1 23.9 '
91.0 b

112.4 "

75.6 b

79.g'
103,1 a

97.3 a

408.64'

341.11a

139.16 b

1 65.20 b

246.91 a

194.29 a

307.60 o

246.50'

141 .31 a

97.15 a

52.00 b

44.29 b

102.32 ab

5 5,85 b

97 ,87 a

69.41 b

1 15.69 .

111.51 a

64,1 0 b

79.96 b

92.21 ab

7g.og b

105 .57 a

95.25 b

42

68

55

56

0

52

B7

82

55

80

66

83

30

70

102

82

55

80

66

83

30

70

102

82

55

80

66

"83

30

70

102

82

I
I
I

Table 10. Sample size and mean percentage of each sediment class in backwaters in
the Colorado River, Grand Canyon, for reach and year from plane table maps drawn
during AGFD sampling, 1991-94. There is a significant difference between means
with different letters.

Sediment Class

Varia ble silt Sand G ravel Pebble Cobble BoulderI
I
I

Reach

20

30

40

50

Year

1 991

1 992

1 993

1 994

60

81

73

128

75

94

102

71

52.9 a

73.1 b

41 ,34

42.3 a

26.9 b

61.0 a

50.7 a

64.8 a

39.5 bc

25.9 c

51.9 ab

54.3 a

66.6 a

34.9 c

48.1 b

28.5 c

0.0 '
0.1 a

2.1 a

0.0 '

0.1 a

1,7 a

0.0 '
0.0 '

o.o '
o.o '
o.o u

0.1 a

0.1 a

0.0 '
0.0 a

0.o.

o.o '
o.o t

o.2 a

0.3 a

0.3 a

o.2 a

o.0 t

0.1 a

7.7 a

o.g b

4.5 ab

3.O b

6.2 ab

2.1 b

1.3 b

6.5 a
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The mean percentage of sand varied inversely fiom tht of silt both by year and reach (Table l0).
The percentage of sand was significantly higher in l99l than all other years. In 1993, tne percentage
of sand was significantly higher than in 1992 ot 1994, which did not ditrer from each other. The
percentage of area covered by sand in Reach 50 was similar to that in Reach 40, but significantly
higher than in Reaches 20 or 30. Reach 40 was significantly higher than Reach 30, but not Reacl
20.

The percentage of area comprised of boulders in 1994 was similar to 1991, but significantly
higher than in 1992 and 1993 (Table 10). Boulders comprised a greater percentage of backwater
substrates in Reach 20 than Reaches 30 or 50, but not Reach 40.

DtscusstoN

Backwaters are altered by silting, sloughing, scouring, and other effects from river flows. Silting
and sloughing make backwaters shallower which decrease morimum depth and total volume.
Scouring, on the other hand, makes backwaters deeper, increasing total volume. In addition to main-
current erosion, Budhu (1991) found that ground water seepage, tractive force, and wave-induced
erosion contribute to the erosion of sandbars. Failure of a sandbar, an instantaneous loss in volume
of sand, may cause a reduction in backwater size. Daily flow fluctuations may decrease backwater
size or destroy backwaters by eroding the sandbars and causing sand to slough into the backwater.
Sandbars may also erode due to wind or recreational activities.

Although the backwaters studied went through some changes over the study period, both
increases and decreases were observed in the measured variables, with few consistent trends.
Comparisons were.difficult to make due to continually changing conditions: discharge was
estimated in the field, size and shape of backwaters changed according to stage based on auity
fluctuating flows, and flood flows scoured and reshaped existing backwaters and created new
backwaters

There were significant differences in the characteristics of backwaters among reaches. Mean
maximum depth in Reaches 20 and 40 was greater than in Reaches 30 and 50. The river corridor
is relatively niurow in Reaches 20 and 40 with faster moving water. This may result in greater
scouring of backwaters, thus possibly increasing mean maximum depth in these rlaches. Reach 20
has relatively low sediment input, limited to that of the Paria River. The mean annual sediment
discharge from the Paria River benreen 1947 and 1976 was 3.02 milliontonVyear (Andrews l99l).
The LCR deposits a large volume of sediment into the Colorado River. Dgringthe post-1941 period,
an average of 12.3 million tons of sediment per year were deposited in the CJorado River from the
Paria and Little Colorado Rivers combined (Andrews 1991). Reaches 30 and 50, below the LCR
confluence, are comparatively wider with shallower runs and slower moving water which aid in
deposition of sediments.

Fluctuating flows and floods are the primary causes of physical alterations of backwaters. This
study examined a sample of backwaters during fluctuating flows, and reports both positive and
negative relationships between fluctuating flows and backwater size. It is diificult to deiermine why
the effect of flow varies among backwaters. It would seem that as flow increased, so would water
Ievel which would increase the maximum depth. surface area, and total volume of backwaters.
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Silting aod sloughing of scdim€'nt may help cxplain negative relationships. Another orplaration is
that with increased flow, water may inundate part or all of the r€attachment bar associated with a
baclqrater. Asflowincreasestowardinundationtherewillbeapointwhenmaldmumdepth,surface
are4 and total volume wifl begin to decrease. Carothers and Dolan (1982) suggested that flows of
40,000 cfs would inundate portions of humpback chub habitat. Flows of far less than this will
inundate backrvaters today. Also, active erosion and aggradation processes (Cluer and Dexter 1994)
may cause sandbars to shift in elevation. This shift in sandbar elevation may account for the
inundation or exposure of sandbars according to river stage.

Differences in backwater morphometry between yeaf,s can be explained more simply. In 1993,
many backwaters were formed by a series of flood events of the Little Colorado River (LCR) during
January and February, 1993 (Figure 3). These flood waters were laden with sediment which
provided materiel for sandbar formation and large amounts of silt and sand were deposited
downstream from the LCR. The increases in number of backwaters, ma:<imum depth, surface area,
total volume, and perimeter length in 1993 can be attributed to new backwaters being formed and
existing backwaters being reformed by the 1993 LCR floods. After the 1993 floods deposited
sediment and reshaped backwaters, the sediments in the Grand Canyon system quickly eroded (Beus
et al. 1994). This may account for the decreases in backwater numbers, maximum depth, surface
area, total volume, and perimeter length.

The dominant substrates in backwaters were silt and sand. Changes in the composition of these
substrates occurred among years and reaches. Two possibilities may account for the change in
backwater substrate composition: deposition or erosion of silt and sand. Sand was the primary
component in 1991 and 1993 and is probably the result of high fluctuations in flow during much of
1991 and the LCR floods in early 1993. Silt dominated the backwater substrates during 1992 and
1994, which probably represents a low amount of disturbance of these sites. Also, silt was the
primary substrate class in the upper two reaches, probably due to its proximity to the two largest
sources of sediments in the river: the Paria and Little Colorado Rivers.

.hi conclusion, backwaters are extremely dynamic in their nature. Large alterations of backvraters
can be caused by scouring, sloughing and eroding of sand bars, and siltation. Floods, which both
scour and deposit new sediments, have the most dramatic effect on backwaters. The size of a
backwater is also greatly dependent upon the stage of the hydrograph at the time of sampling.
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Obiccdvc 3.5. Ilctaminc invcrtcbrrte shnding crop! end thcir rchtivc contributionr to dlcdr
of young nrtivo firhclin tributrry, baclrrrrter end mainchennel habftea.

Benthic and planktonic invertebrates provide an important food sotrce for juvenile fish in the
Colorado River, Grand Canyon. However, fluctuating water levels (Kennedy lgTg) and cold
temperaftres (Ward 1976) in rivers below hydroelectic dams limit invertebrate production. Under
peaking power dam operations (prior to August 1991), fluctuations in water depth caused cycles of
inundation and/or desiccation of backwater habitats within the study area The institution of ittt"ti*
flows caused backwater habitats to become more stable, with most experiencing less severe daily
flushing, which provides better refugia for lanral and juvenile fishes and aquatic invertebrates. This
section examines benthic invertebrate and zooplankton densities in backrvaters and associated
mainchannel beachfaces in the Colorado River, Grand Canyon, from 1991-94. The primary
objectives of this portion of the study were to describe the benthic and planktonic community and
compare the relative abundance of these items in the diet of native and non-native fishes.

METHODS

During the four years of Phase II studies, invertebrate samples (benthoi and zooplankton) were
collected from different habitats in the study area. The sampling protocol was adapted to various
fish collection techniques used during the couse of the study. Here, we describe generally sampling
schedules and protocols used to Sample zooplankton and benthic invertebrate densities and cotlect
fishes for examination of diet. Specific methods conceming gear types, preservation of samples, and
laboratory and statistical methods are described in detail in later sections.

From March I 991 through September 1992, zooplankton was sampled in conjunction with Type
A and Type B sampling protoctls (See Sampling erea & Protocols). From October 1992 to
November 1993, a quarterly sampling protocol was adopted. In 1994, efforts were made at
collecting data from various microhabitats within backwaters as part bf the Type A protocols.
Procedures for invertebrate sampling are described in detail below.

In Type A samples collected prior to October 1992,wo benthos and two zooplankton samples
were taken from each study location. One was collected from the bachvater and one frornthe
mainchannel beachface. Occasionally, an additional sample was taken from the eddy at the mouth
of the backwater (backwater eddy). Representative locations within the habitat, usually near the
center, were sampled. In Type B bachvater samples, benthos and zooplankton were collected along
a transect that followed the fluctuation of the water, usually from the foot of the baclovater, through
the backwater mouth and into the eddy. Tributary samples were also taken as part of Type-B
sampling. These samples were taken in a transect along the tributary including habitat influenced
by mainstem water (tributary mouth) and habitat upstream from the tributary mouth (tributary
stream).

Quarterly sample collections were taken from three sites within the backvrater: mouth (opening
of the backwater), center (middle third of the backwater) and foot (back third of the backwatir). In
addition to sampling the backwater, one site was sampled in the mainchannel, usually the
mainchannel beachface. In each of these sites, one zooplankton and three benthos samples were
collected for a total of four zooplankton samples and 12 benthos samples per study location. All

I
I
I
I
I
I
I
I
I
I
I
t
I
I
t
I
I
I
I



I
I
I
t
I
I
I
I
I
I
t
I
I
t
I
I
I
I
I

AlzoraGerc&FEHDEpArilBrt FNALREpoRT I EqolooYoFGrexoCenvoxBectrwetms

bachnater samples werc taken from the cqrt€r of the deepest channel. Mainchannel beacMrce
samples wer€ takql offshore at a depth of about I meter. One bachmter was tpically sampled from
each of the four reaches during the February-lvlarc[ May, July and October-November tips of 1993.

In 1994, we continued to collect three sarnples from the backrvater, but two more sample sites
were added to the mainchannel beachface habitat to balance the study design: a total of three
zooplankton and three benthos samples in each of the backwater and mainchannel beachface per
study location. Also lrr-lgg4,we divided the Colorado River, Grand Canyon into subreaches based
upon the shoreline topography, hydrology and the distribution of native fishes within the study area
(Table l1). A minimum of two study locations per subreach were sirmpled in conjunction with
Type A sampling. These subreaches were designated to be used in the dietary study discussed
below. All analyses of benthos and zooplankton used the four reaches standard to this study.

Diet was examined only in 1994. Fish were collected only in conjunction with zooplankton and
benthos sampling. This will enable us in the future to compare gastrointestinal tract contents with
prey availability in the environment. Five fish were collected of each species < 30 mm in total
length and five fish of each species > 30 mm in total length in each of eight subreaches. All fish
were collected by seining in backwater habitats.

Table 1 1. Subreaches and their boundaries used for benthic invertebrate, zooplankton,
and diet sampling in 1994.

Beginning of Reach End of Reach

Reach Location River Location River

cR1

cR2

cR3

cR4

cR5

cR6

cR7

cR8

Lee's Ferry

Shinumo Wash

Little Colorado River

Lava Chuar Rapid

Hance Rapid

Elves Chasm

Forster Rapid

Hell's Hollow

o

29.3

61 .5

65.5

7 6.7

1 16,5

122,9

182.5

Shinumo Wash

Li.ttle Colorado River

Lava Chuar Rapid

Hance Rapid

Elves Chasm

Forster Rapid

Hell's Hollow

Diamond Creek

29.3

61 .5

65.5

7 6.7

1 16.5

122.8

1 82.5

225.6
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Oblcctire 3.5.a Dctcminc thc exchenge of zooplrnkton, drift orgrnisnl and particuhtc
otgrnic mlttGr bctween beckn'eters and mrinchannel end tributary mouths.

While these data would be of interest in understanding the dynbmics of the mainstem aquatic
community, collection of these data would have taken intensive sampling at a number of Sites. Due
to the size of the study area and the nafiue river system, this was not logistically feasible. Data
concerning differences in invertebrate densities between backwaters and mainchannel beachfaces
are discussed in this section, but we were unable to determine exchange rates, specifically.

ObiectiveJ.5.D. Determine changes in the zooplankton community of baclsraters during the
GCES Research and Interim flows.

In unregulated rivers, zooplankton are fourd primarily in the lower reaches (Vannote et al. 1980).
However, in regulated river systems, zooplairkton abundance, species composition, and longitudinal
distribution are primarily determined by the zooplankton community in the reservoir located
immediately upstrearl from the dam and by dam operations (Petts 1984). Therefore, the two factors
that are important in regulating the zooplankton in the Colorado River in Grand Canyon are, l) the
distribution and abundance of zooplankton in Lake Powell, and 2) the characteristics of the Glen
Canyon Dam discharge regime.

Glen Canyon Dam is a hypolimnial release dam with penstock intakes at a depth of 70 m when
Lake Powell is at full pool. Water can also be released from jet tube intakes (100 m depth) and
surface withdrawal spillways. Because lentic zooplankton species generally occur throughout these
depth ranges and have depth preferences depending on species, growth stage, season, time of day,
etc. (Hutchinson 1967), the discharge from Lake Powell affects the species composition and number
of zooplankton found in the Colorado River,

Studies of zooplankton in the Colorado River. Grand Canyon, from Lee's Ferry to Diamond
Creek, are few. Cole and Kubly (1976) identified zooplankton species in the mainchannel and
tributaries, but did not report densities. They concluded that most of the zooplanlcton in the
mainchannel Colorado River originated in Lake Powell or the tributaries, primarily Elves Chasm and
Tapeats and Diamond Creeks. Maddux et al. (1987) reported zooplankton densities ranging from
5 - 7581m' from collections taken from December 1984 to November 1985. Total densities
calculated from Haury (1981) ranged from 0.36 - 232 lm3. Haury (1986, 1988) reported total
densities of 300 - 10,000 /m3. Haury (1981, 1986, 1988) found copepods to be the most numerous
taxa and found no direct relationship between zooplankton densities and river mile. He speculated
that reproduction of copepods was occurring, based on the presence of Gmales with eggs, males with
spermatophores, and nauplii in samples collected throughout the length of the river. Kubty (1990)
reported densities from mainchannel and backwater collections from 1987 - 1989. He found
densities ranging from approximately 80 - 20,000 imr in the backwaters and approximately 100 - 900
/m3in the mainchairnel (densities presented are approximations taken from Figure 12; Kubly 1990).
No statistical comparisons based on habitat differences have been reported.

All previous studies occurred prior to interim t'lows. However, Haury (1981, 1986, 198g)
recognized the potential importance of refuge habitats (e.g., stable backwaters) in providing habitat
fbr zooplankton reproduction and gror,r,th at stable or low fluctuating flows. The primary objectives

I
I
I
I
I
I
t
t
I
I
I
I
I
I
t
I
I
I



I
I
l'
I'
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Arzau Cera & Flsr llrrernmn Fbtrl, REporr . EclLooY oF Gneno Cel{Yon Becrryerrns

of this sestion werc to examine differences in zooplanlcton densities, species composition, alrd
population sfircffis by yw, season, reach (distance dowrnteam from Glen Canyon Dam) and
habitag and ultimately food resource availability. This should provide important information
pertaining to the prey base available for young-of-year and juvenile native fishes. (Objective 3.5.d).

METHODS

Zooplankton samples were collected by filtering 30L (March l99l - September 1992) or 50L
(October 1992 - September 1994) of water through an 80 pm plankton net (#40 Wisconsin "bucket"
net). Samples were collected from near the water surface in the middle of each transect using a 10
L bucket. Samples were preserved:urrS% formalin (prior to 1993) or 75Vo ethanol (after 1992) and
labeled with study number, habitat code and site number.

In the laboratory, samples were condensed to a volume of 50 mL. Five 1 mL subsamples were
then examined using a Sedgwick-Rafter counting cell (Wetzel and Likens 1991). All organisms
were counted and identified to Class, except for rotifers, which were identified to Phylum. Th" -"at
number of organisms in each subsample was used to determine the mean total number of organisms
and mean number of each taxa per liter. Densities (individuals/m') were then calculated for each
sample. Density estimates for each sample were then pooled by habitat (backwater or mainchannel
beachface) for further analysis.

Zooplankton density estimates were tested for normality using the Shapiro-Wilks test and the
F-max test for homogeneity of error variance. Non-parametric statistics were applied to our data due
to lack of homogeneity of error variance. A Iftuskal-Wallis test was used to test for significant
differences in total zooplankton and'individual species density by year, reach, and season. The
Mann-Whitney Utest was used to test for significant differences by habitat. Significance for these
tests was set at c = 0.05. Multiple comparisons were made using multiple Mann-Whitney Utests.
A Sequentiai Bonferroni test was conducted to determine a critical a for multiple comparisons.

RESULTS

Copepod nauplii and adults were the most common zooplankton found in 1991, 1992, and 1994
followed by rotifers (Table 12). Cladocerans were the most abundant zooplankton in 1993 followed
by copepod adults. A large number of protozoans were also observed in the samples, primarily
Volvox sp. and dinoflagellates. Due to the limitations of our equipment (80 pm plankton net), a
quantitative sampling of protozoans could not be accomplished and were omitted from the estimates
of total densities and subsequent analyses. Several non-planktonic tura were also found in otr
samples; these were also excluded from our analyses (Table l3).

Zooplankton density estimates varied significantly by year (F0.0001), season (P:0.0021), and
reach (P=0.0001). Several species of zooplankton also showed significant differences by year,
season, reach, and habitat (Table l4). Seasonal changes in species density were observed during
1991 - 1994 (Figure 33). Zooplankton density estimates in backwaters were significantly highei
than those tiom mainchannel beachfaces (p=0.0273).
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Table 12. Mean and standard deviation of densities
colfected in backwater and mainchannel habitats of
Canyon, 1 9Sl1-94.

(number/m3) of zooplankton
the Colorado River, Grand

I
I

Backwater Mainchannef 'l
Taxa Mean

Standard
Deviation Mean

Standard
Deviation

1991: Total

Cladocera

Copepoda-adults

Copepod a-nau plii

Ostracoda-nauplii

Rotitera

1992: fotal
Cladocera

Copepoda-adults

Copepoda-nauplii

Ostracoda-nau plii

Rotif era

1 993: Total

Cladocera

Co pepod a-ad u lts

Copepoda-nauplii

Ostracoda-nau plii

Rotitera

1 994: Total

Cladocera

Copepod a-ad u lts

Copepoda-nauplii

Ostracoda-n auplii

Rotif era

5,05 4.7

427.9

1 ,393. 1

1,970.2

69.7

1 ,204.O

2,435.7

49,1

907.0

1 ,227 .g

162.9

1 gg.g

6,754,2

2,266. 7

1,350.0

gg5. g

1 ,3 16.7

925.0

2,599.3

1 59,7

479.9

1 ,439.5

165.0

346,2

6,094.59

1 ,ggg.go

1,854.34

3,52 1 .33

197.Og

2,51 0.5 5

3,3 23.67

2oo .o4

1 ,41 2.29

1,7 g1.41

61 5.59

363 .64

1 5,312,20

1 1 ,900.35

1 , g3g.2g

2,250.67

1,937.24

1 ,4gg. g6

3,960.26

27 2.63

920.17

2,51 4.29

57 2.05

945. 1 1

3,284.4

342.2

1,000.0

1,315.6

75.6

551.1

2,190.5

iB.1

769.1

975,3

199.3

209.9

3,1 66.7

244.4

955.6

i44.4
goo.o

622.2

1,955.7

111.3

266.O

1,093.o

72.6

322.6

3,759.55

1 ,O25.17

1 ,1 46 .97

1,96g.go

229.72

1 ,295.05

3, 5 24. 50

143.03

1 ,7 42.04

1 ,27 4.42

1 ,307.77

331.gg

3,1 42.31

325.9O

1 ,1 15.79

1,09O.72

1 ,236.69
g7g. 5 3

1,369.75

180.74

296.23

97 1 .79

171 .44

501 .go
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- Mesrzooplanktondensitiesin 1993 and l99l wer€significmtlyhigherthan in l9g?arrd,lW4.
Mean aoplmlcon densities in the spring and fall were significantly higher than in the stunmer and
winter. For all four yean of the study, mean zooplankton densities were highest in Reach 20 and
decreased significantly with distance downstream from Lee's Ferr'' (Figure 3a).

DrscusstoN

Copepod nauplii and adults were the zooplankton tal€ that occurred most frequently in three out
of the four years of this study. This agrees with findings by Haury (1981, 1986, 1988) who found
that copepods were the most abundant species in the Colorado River, Grand Canyon. Copepod
nauplii and adults were also the most abundant zooplankton species found at penstock depths from
Lake Powell and from Lees Ferrl,(- 24krnbelow Glen Canyon Dam) from April 1993 - January
1995) (AGFD, unpublished data).

In 1991 and 1993, high flows were seen during January and February as a result of high
precipitation and snow melt. In 1993, high flows occurred again in August and September as a result
of monsoonal precipitation combined with high dam discharge rates in response to increase summer
power demands. These events probably contributed to the significantly higher mean densities of
total zooplankton seen in those years versus 1992 and 1994. The mean density of cladocerans wuts

also significantly higher in l99l and 1993 than in other years of this study.

Cladocerans are generally found in the epilimnion (Wetzel 1983). However, with increased
diScharge rates causing a temporary mixing of layers (epilimnion, metalimnion, and hypolimnion)
near the dam, cladocerans were probably brought down to penstock depths; thus contributing to the
significantly higher numbers seen in 1991 and 1993.

In all four years of this study, the mean total zooplankton density in the spring and fall was
significantly higher than that of the swnmer and winter. In the spring, there is an increase in
reproduction of zooplankton. Numbers of copepod and ostracod nauplii were significantly higher
in the spring than in any other season. In the fall of 1992, 1993, and 1994, there were significantly
higher numbers of cladocerans than in any other season (Fig. 33). The lowered swface elevation of
Lake Powell during this time of year in coqirrrction with fall turnover probably caused cladocerans
located in the epilimnion to be relocated to depths closer to the penstock intakes.

Zooplankton densities were significantly higher in upsteam reaches and significantly decreased
with distance downstream from Glen Canyon Dam. This is explained by the Serial Discontinuity
Concept. This concept states that zooplankton and benthic invertbbrate densities are highest
immediately below a dam and decrease with distance downstream, followed by a gradual increase
in the next reservoir downstream (Ward and Stanford 1983). Mean total zooplanlton densities in
all four years of this study were significantly higher in the upstream reaches and decreased
significantly with distance downstream from Glen Canyon Dam. These data conhadict findings by
Haury (1986) who saw no significant decrease in zooplankton density with distance downstream
from Glen Canyon Dam.
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Table 13. Mean and standard deviation of densities (number/m3l
planktonic taxa collected in backwat€r and mainchannel habitats of the
Canyon, lggl-94.

of Protista and non-
Colorado River, Grand

I
I

Y ear lTaxa

Backwater Mainchannel

Standard Stand ard I
1 991

Hydracarina

Chlorohydra sp.

Insecta

Nematoda

Tardigrada

Protozoa

Unknown

1 992

Hydracarina

Chlorohydra sp.

Insecta

Nem atoda

Tardigrada

Protozoa

U n known

1 993

Hydracarina

Chlorohydra sp.

I n secta

Nematoda

Tard igrada

Protozoa

Unknown

1 994

Hydracarina

Chlorohydra sp.

Insecta

Nem atoda

Ta rd ig rad a

Proto zoa

Un known

54.7

14.9

17 4.1

21 3.9

29.g

1 ,995. 1

64.7

93.7

2.3

165.1

2 33.3

147 ,3

49.6

1 43.4

29.2

4.2

12.5

1,375.0

o.o'

529,2

1 2,5

28.7

0.9

202.7

102.2

1 16.6

547 ,1

32.3

149.04

69.46

507.05

5 59.69

1 12.09

3,907 .79

21 g. 96

245.04

21 .57

4gg.5g

880.5 1

652.00

1 51 .05

499.21

82.41

28.87

.49.92

1,997.7 1

0.00

1 ,220,O4

64.00

96.39

1 3.39

449.6 1

442.7 0

I2 8.06

988.7 1

1 28.88

66.7

22.2

102.2

177.9

26.7

2,217.8

35..6

241 .8

3.7
gg. g

972.2

130.O

34.4

1 go.5

55.6

11.1

33.3

933.3

o.o

922.2

' o.o

26.4

3.9

121 .7

20.9

40.6

537.7

30.2

1 97.5 g

83.7 1

273.95

459.59

91 .04

5,256.63

160,45

5 39.93

34.94

207.84

8,87 2.61

335 .92

1 ,1 19.92

61 2.9 1

114.9O

47 .14

76.70

1,011.1 1

o.oo

1,409,45

o.oo

80.64

27.29

1 93. gg

64.1 6

135.10

979,36

143.96
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Table 14. Results of the KruskaFWallis (year, s€ason, and reachl and Mann-Whitney U
l - (habitatl tests for significant differencEs in zooplankton density by year, season, reach, and
I habitat collected during AGFD sampling of the Colorado River, Grand Canyon, 1gg1-94.

Taxa * Year *Season *Reach **Habitat

Total p=0.0001 p=0.0021 p=o.0001 p=o.Q273

Cladocera P=O.OOOI P=O.OO45 P=O.OO0l P=O.2791

Copepoda-adults P=0.O0O1 P=0.43O0 P=0.0O01 p=O.O269

Copepoda-nauplii P= O.0OO1 P= O.0023 P= 0.0OO1 p= 0.4043

ostracoda-nauplii P= 0.00o1 P= 0.0oo1 p= o.0o35 p= o.1 630

Rotifera P=O.0OO1 P=0.8394 P=O.OOO1 P=Q.5725

Lastly, we found that backwaters had significantly higher densitips of zooplankton than
mainchannel beachfaces. Backwaters may provide refugia for zooplankton because they are a more
stable habitat. Backwater also may retain nutrients which benefit both phytoplankton and
zooplankton. Backwaters are.also likely areas for zooplankton reproduction. No conclusive
evidence of backwater reproduction has been found in this or in previous studies, but female
copepods with egg sacs and males with spermatophores were collected in backwater samples.
Whether these gravid copepods are resident within the backwaters or originated in Lake Powell is
uncertain. However, densities of neither copepod nor ostracod nauplii were higher in backwaters
than the mainchannel.
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Obicdnc 3.5.c. Sample benthic invertebretcs in rcering habiteb both within end outsidc of
the fluctqetingflow retne impact arsr!.

Benthic invertebrates provide an important food source for juvenile fish in the Colorado River,
Grand Canyon. However, fluctuating water levels (Kennedy 1979) and cold temperatires (Ward
1976) limit invertebrate production in rivers below hydroelecnic dams. Baclcwaten provide a better
habitat for benthic invertebrates than mainchannel beachfaces because they are wanner, have lower
velocities, more stable sediments, and allow for the accumulation of detritrc. Cole and Kubly (1976)
suggested that benthic invertebrate species diversity is higher in backrn'aters than in the mainchannel.
This objective examines benthic invertebrate densities in backwaters and associated mainchannel
beachfaces in the Colorado River, Grand Canyon, from 1991-94. We were interested in examining
differences in benthic invertebrate densities by year, season, reach, and habitat.

METHODS

Benthic invertebrates were collected using a 15 x 15 cm(0.0232 m,) Petite Ponar dredge. The
contents of the dredge were washed through a 12 L littoral bucket with a 3O-mesh (600 pm mesh)
bottom. Organisms were preserved in 5% formalin or 70Yo ethanol.

In the laboratory, benthic organisms were identified and counted to determine total benthic
invertebrate and individual species densities (number/mr) by year, seasion, reach, and habitat.
Invertebrates were identified to Class, except insects, which were identified to Order and dipterans
which were identified to Family.

. Benthic invertebrate density estimates were tested for normality using the Shapiro-Wilks test and
the F'max test for homogeneity of enor variance. Non-parametric statistics were applied to our data
due to lack of homogeneity of error variance. Kruskal-Wallis test was used to test for significant
differences in total benthic invertebrate and individual species density by year, reach, and season.
The Mann-Whitney Utest was used to test for significant differences by habitat. Significance for
these tests was set at d,:0.05. Multiple comparisons were made using multiple Mann-Whitney U
tests. A Sequential Bonferroni test was conducted to determine a critical c for multiple comparisons.

RESULTS

Oligochaetes, nematodes, chironomid larvae, and dipteran larvae were the most common benthic
invertebrates found in the Colorado River, Grand Canyon during l99l-94 (Table 15). Ostracods
were also common ftom 1992-94.

Total benthic invertebrate density varied significantly by year, season, and reach (F0.0001).
Several species ofbenthic invertebrates showed significant differences by year, season, and reach
(Table 16; Figure 35). Total benthic invertebrate density was significantly higher in baclsvaters than
mainchannel beachfaces (P:0.000 I ).

Mean total benthic invertebrate densities in backwaters were significantly higher in 1993 and
1994 than in1992 or 1991 (Figure 36). Mean benthic invertebrate densities inthe spring were
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li.qificantlV higher tht n those of summer, fall, or wint€r. Mean b€nthic invertebrate densities were
highest in Reach 20 and decreased significantly with distance downstream from Lees Ferr,,.

DrscusstoN

Oligochaetes, nematodes, chironomid, and dipteran lalvae, and ostracods were coliected more
frequently than other benthic invertebrates. No previous studies have quantified the backwater
benthic invertebrate community of the Colorado River, Grand Canyon. However, the major taxa
present during this study have been documented in past studies (Cole and Kubly, 1976; Carothers
and Minckley, l98l).

In early 1993, the Little Colorado River flooded due to high amounts of precipitation and snow
melt. The high velocities of the Little Colorado River may have caused benthic invertebrates to be
flushed out into the mainstem Colorado River. Increases in total benthic invertebrate densities
during 1993 may be a result of these higher velocities as well as increased nutrient loads.

Significantly higher densities of total benthic invertebrates were found in ]994than in 1991 and
1992. After the flood in the Little Colorado River in 1993, there was an increase in the number of
backwaters in the Colorado River in 1994. The increased volume and velocity of water in the
Colorado River during- 1993 caused large amounts of sediment to be deposited along the margins
of the Colorado River forming numerous backwaters. These backwaters frovide refugia for benihic
invertebrates. An increase in stable habitat should increase benthic invertebrate growth and
reproduction, thus accounting for the higher numbers in 1994.

Highest benthic invertebrate densities were found in the spring and summer months for all fo'r
years' largely attributed to dipterans (mainly larvag & pupae). Chironomidae and C;r;t"pd;;;
larvae and pupae are emerging during this time of the year, resulting in high numbers (Menitt and
Cummins 1984). After mid-sunmer we saw a sharp decrease in the numbers of dipteran larvae and
pupae' The adult stage of these dipterans is terrestrial. Water temperatures during late spring and
eiuly summer are at their highest. Increase power demands during th" r,tm*"r cause an increase in
the cold water releases from Glen Canyon Dam, thus decreasing the reproductive potential of the
diptgrans.

For all four years of the study, benthic invertebrate densities were significantly higher in Reach
20 and deueased significantly with distance downstream from Glen Canyon Dam. This may best
be explained by 1) the Serial Discontinuity Concept (Ward and Stanfora t-q3f) and 2) produciivity.
Ward and Stanford (1983) found that benthic invertebrate densities are generally highest
immediately below a dam and decrease with distance downstream. Also, water clarity in Reach 20
is the highest of any reach in the Colorado River, Grand Canyon. The low amounts of suspended
sediments in this reach allow for an increase in light penetration, which in turn increases primary and
secondary productivity' Reach 20 also has lower densities of fish than the other reaches. Kennedy(1979) found an inverse relationship between invertebrate standing crop and fish abundance inbackwaters in the lower Colorado River.
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- Lastly, backwaters of the Colorado River, Crsand Canyoq bad significantly higher densities of
benthic invertebrates than did the mainchannel beachfaces. Maincbannel beachfaces wenr
depauperate of bcnthic invertebrrates, compared to densities of the baclnrater. Due to increased
stability ofbaclcwater sedimmts compared to those of mainchannel beachfaces, this is not surprising.
Baclcwaters appear to provide refugia for the benthic invertebrates because they are usually wanner
and have lower velocities and more stable substrates which allow for the accumulation of detritus.
Hofl<necht (1981) formd that lower velocities and the deposition of detritus in backwater habitats
have confributed to increased numbers of benthic invertebrates in backwaters over mainchannel
habitats in the Colorado River, Grand Canyon.
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Fig. 35. Log.tomean density (#lm2l by month of backwater benthic invertebrates collected during AGFD
sampling of the Colorado River, Grand Canyon, 1991-94.
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Table 15. Mean and standard deviation of densities (number/m2l of benthic
invertebrate species collected in backwater and mainchannel habitats during AGFD
sampling of the Colorado River, Grand Canyon, l ggl - 1994.

Backwater Mainchannel

I
I
I
'l

Year/Taxa Mean
Standard
Deviation Mean

Standard
Deviation

1 991
Amphipoda
Aphididae
Chironomidae larvae
Collembola
Diptera adults
Ephemeroptera
Formicidae
G astropod a

Hemiptera
Homoptera
Hymenoptera
Nematoda
Odonata
Oligochaeta
Ostracoda
Pelecypoda
Plecoptera
Simuliidae
Thysanoptera
Tric hoptera
Total

1 992
Amphipoda
Aphid idae
Chironomidae larvae
Collembola
Diptera adults
Ephemeroptera
Formicidae
G astropoda

4. gg

0
21 .09

o,2
5,52
o,2

1 .12
2.35

0
0

o.2
21 0. gg

0
524,46

0
o
0

3.46
0

o.2
77 4.66

4.46
o

5 5.34
0

1 3.67
0.07

0
4.39

1.96
0

9.26
o,2

2.O2
o.2

0.84
1.1

0
0

o,2
139.77

0
250.7 2

0
o
0

1 .48
0

o.2
360.05

1 .96
0

12.O2

0
4.93
0.07
o.2g

2,4

4.7 2
o

6.57
o

1.36
o
o

1.7
0
0
o

14.09
0

1 54.94
0
o
0

o.24
o
0

1 83.61

1 .32
o

g,g5

o
5,7

o
o,2

o.07

1 .84
0

2.gg
0

0.64
o

.0
1.1

0
0
0

12.12
o

130.9
0
0
0

o.24
o
0

136.09

o.96
o

4.gg
0

3.59
0

o.2
o,07

I
I
I
I
I
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I
t
I
t
I
I
I
I
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Table 1 5 continued.

Y earlTaxa

Backwater Mainchannel

Mean
Standard
Deviation Mean

Standard
Deviation

I
I
I
t
I
I
I
I

l'
I

I
T

1 992 cont'd
Hemiptera
Homoptera
Nematoda
Odonata
Oligochaeta
Ostracoda
Pelecypoda
Plecoptera
Simuliidae
Thysanoptera
Trichoptera
Total

1 993
Amphipoda
Aph id id ae

Chironomidae larvae
Collembola
Diptera - adults
Ephemeroptera
Formicidae
G astropoda
Hemiptera
Homoptera
Hymenoptera
Nematoda
Odonata
O lig oc h aeta
Ostracada
Pelecypoda
Pf ecoptera
Simuliidae
Thysanoptera
Trichoptera
Total

o.47
o,2

2,230.3
o.27

2,549.95
1 27.39

0
o

o,2
o.4

0
4,999.06

8.7 2
o.6g

469 .79
0

. 39.39
1,gg
o.17
2.22

0
o
0

2,499.92
0

7,51 0.35
463. 1 g

1 .03
0

1.gg
0
0

1 0,999.56

0.29
o.2

1 ,801 .9 1

o.27
1,010.95

89.64
o
0

. o,2
o.4

o
2,247.72

3.41
o.6g

129,14
0

11 .2
1 .36
o,17
1 .44

o
o
o

967. 1 g

o
2,890.91

173. 16
1.03

0
1 ,O7

o
o

3,3 2 g.5g

o.07
0

16.21
0

37.5
1 .59

o
o

0.4
0

o.4
73.35

o
o

2.24
0

3.14
o
0

0.45
0
o
0

4.94
0

41 .31

0.45
0
0

0.45
0
o

52.99

o.07
o

8,7
0

12.61
o. g2

0
0

o.2g
'0
0.29

19.65

o
0

1.26
0

2,7
0
0

0.45
0
o
0

2.24
o

24.36
0.45

o
0

0.45
0
o

26.77
l.
l-

t
I
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Tabfe 1 5 continued.

Backwater Mainchannel

Taxa Mean
Standard
Deviation Mean

Standard
Deviation

I
'l
,l

I
I
I
t
I
I
I
I
I
I
I
.l
"l

I
I

1 994
Amphipoda
Aphididae
Chironomidae larvae
Cof lembof a

Diptera adults
Ephemeroptera
Formicidae
Gastropoda
Hemiptera
Homoptera
Hymenoptera
Nematoda
Odonata
Oligochaeta
Ostracoda
Pelecypoda
Plecoptera
Simuliidae
Thysanoptera
Trichoptera
Total

9.36
0

592.53
0

2.93
0

0. gg

5 .46
0
0
0

111.56
o.2

3,599.6 1

249.94
7 .41

0
5.66

0
5.27

4,590.90

2. gg

0
101.15

o
1.03

0
0.64
2,45

o
0
0

29.61
o,2

1 ,203.59
93.7 1

4.79
0

2.29
o

1 .97
1 ,239.10

0.9
o

23.95
0

0.6
o
0

o,2
o
0
0

3.59
o

59.97
3.79

1.1

0
o.2

o
0.6

94.79

o.4g
0

5.64
o

o,44
0
0

o.2
o
0
0

1 .16
0

14.96
2.7 1

o.g5
0

o,2
o

0.34
20.o7
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Table 16. Results of tho Kruskal-Wallis (year, soason, and reachl and Mann-Whitney
U {habitatl tests for significant differences in benthic invertebrate density by year,
seasonf reaeh, and habitat collected during AGFD sampling of the Colorado River,
Grand Canyon, 1991 - 1994.

Taxa * Year * Season * Reach * * Habitat

Total

Chironomidae larvae

Diptera larvae

Ostracoda adu lts

Oligochaeta

Nematoda

P - 0.0001

P - 0.000 1

P - 0.000 1

P - 0.0021

P - 0.0001

P - 0.000 1

P- 0.0001

P- 0,0001

P- 0.00 15

P - 0.0601

P-0.0193

P - 0.0669

P- 0.0001

P - 0.0001

P - 0.0041

P - 0,0030

P - 0.000 1

P - 0.0001

P - O.OOO1
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Fig. 36. Mean total density (#lmzt by reach of backwater benthic invertebrates collected during AGFD
sampling of the Colorado River, Grand Canyon 1991-94.
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Objective 3.5.d Sample }uval to jwenilc netive fish from baclcwaters, tributaly conf,ucnccq
tributrries rbove thc confluence zone end outlying mainchrnnel habitetr for anelysir of
digestivc tract.

This section addresses the diet of the small fish found in baclanaters of the Colorado River,
Grand Canyon. The objective was to collect information conceming food habits of native and non-
native fish. Also, the presence and numbers of the Asian tapeworm (Botlviocephalus acheilognathi)
in the GI tracts was noted. This diet information will be used later to determine the relative
importance of specific food items to each species, preference of specific food items, and the arnount
of overlap in diet between species of fish.

METHODS

A systematic sampling of fish collected in bachvaters was performed in1,994, during Trips 22-
25 (April - September 1994). All fish were collected in conjunction with benthic invertebrate and
zooplankton samples (Type A protocol) and only frombaclcrvater habitats. Collection of these data
were in a manner that the data can be used with the benthos and zooplankton data to compare dietary
preferences and relative abundance by species and reach (Krebs 1989; Bowen 1983). Five fish were
collected of each species < 30 mm in total length and five fish of each species > 30 mm in total
length in each of eight subreaches on each trip (Table 17). Due to restrictions on their take,
humpback chub were collected only from the two subreaches below the Little Colorado River,
except during our March-April trip. Incidental mortalities resulted in increased sample sizes of some
species in some reaches. Fish rvere preserved in70o/o ethanol. Total length (mm), weight (g), and
species of each fish was recorded along with study number, river mile, and habitat.

Diet was determined for all fish by examination of the stomach contents. Due to the size of some
of the fish, the stomach was defined as the portion of the digestive tract anterior to the first loop
(Greger and Deacon 1988). Stomach contents were examined by excising the stomach, opening it,
and flushing with water. The stomach lining was examined for parasites and additional food items
that remained attached to the stomach lining. The stomach contents were examined under a stereo
dissection microscope and food items classified and enumerated according to tal<a. Prey items were
identified to taxa levels that were consistent with benthic and zooplanlcon samples. Formicids,
thysanopterans, aphids, hymenopterans, and adult dipterans were combined into a terrestrial insect
category. Enumeration of cestodes was difficult due to the preservative and breakage. Therefore,
only presence or absencp of cestodes was noted. Similarly, human food and the alga Cladophora,
which were eaten by rainbow trout, were also difficult to enumerate and were only noted as being
present or absent.

RESULTS

Gut contents were analyzed from 699 fish collected during all fow sampling tips in 1994 (Table
i7). Mean size of all species ranged from 29.2 - 35.2 mm TL and 0.9 - 1.2 S(Tabie l8), except for
rainbow trout which were considerably larger (262.1mm and zg7.51 g).

At least 97%;o of all species contained some food in their stomach. Chironomids (larvae and/or
pupae) were the most prevalent food item in all species, ranging from lT.SYoprevalence in plains
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killifish to 62.V/o in bluehead sucken (Table l9). Chironomids wqe also the most numerous food
itern fotrnd in the stomachs of all fish. In small fish (all fish other than rainbow tout) a mean of 4.9
individuals / stomach were found (Table 20). Other conrmon items (number and/or prcvalence) in
the stomachs of small fish include: ceratopogonids, terrestial insects (formicids, thysanopterans,
and adult dipterans), cladocerans, copepods, simuliids, ostracods, and nematodes.

Chironomids were found in62% of the bluehead sucker stomachs. Other prey items found in
at least 5% of the stomachs included: cladocerans, terrestrial insects, and simuliids (Table 19). A
mean of 14.6 chironomids/stomach were found (Table 20). Cladocerans and ceratopogonids were
found with a mean of nearly one in each bluehead sucker stomach. Chironomids were found in
38.5% of the flannelmouth sucker stomachs with cladocerans, ceratopogonids, terrestrial insects,
copepods, and nematodes being found in at least SYo of the samples (Table 19). A mean of 6.7
chironomids/stomach were found with ceratopogonids, copepods, and cladocerans averaging I -
2/stomach (Table 20).

Humpback chub had the most varied diet of all species examined, with 19 food items being
found. Chironomids were found in32.2%of the stomach samples (Table 19). Tenestrial insectsl
simuliids, and copepods were also prevalent. Chironomids were the most numerous food item
(6.0/stomach) and a mean of at least one terrestrial insect and copepod per stomach were also found
(Table 20).

In speckled dace, chironomids were found in 59.4Yoof the stomachs (Table 19). Simuliids,
terrestrial insects, and cladocerans were also commonly found. A mean of 4.8 chironomidVstomach
were found (Table 20),

Chironomids were found in46.8%of the fathead minnows examined (Table 19). Also cornmon
were ceratopogonids, terrestrial insects, simuliids, and cladocerans. Chironomids (2.7/ stomach)
were the most numerous food item in fathead minnows (Table 20).

Chironomids were found in36.0% of the sampled plains killifish (Table 19). Ceratopogonids,
nematodes, ticopterans, terrestrial insects, and amphipods were also commonly found. Chironomids
were also the most numerous prey item (3.6/stomach; Table 20).

The rainbow trout were much larger than the other fish examined in this sfudy. However,
chironomids were still the most prevalent prey item, being found 1y1-17.s%of the stomachs (Table
l9). The alga Cladophora, amphipod (Gammarus lacustris), simuliids, human food (rice, i"*.,
corn, noodles, etc.), and terrestrial insects were also prevalent. A mean of 15.3 chironomiddstornach
were found in the sampled rainbow trout along with gastropods, simuliids, terrestrial insects,
amphipods, oligochaetes, ostracods, and cladocerans (Table 20).

GI tract parasites were found in 10.60/o of the humpback chubs, 3.7Vo of thespeckled dace,5.0o/o
of the fathead minnows, and 8.0% of the plains killifish examined in 1994 (Table l9). All parasites
were cestodes and tentatively identified as Bothriocephalus acheilognarfti. No parasitic nematodes
rvere fbund in this studv.
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Table 17' Number of fish of each species collected for examination of stomachcontents in each AGFD mainstem colorado River sampling trip in 1gg4, total numbercollected, and number containing food.

Species

Bluehead Sucker

Flannelmouth Sucker

Humpback Chub

Speckled Dace

Fathead Minnow

Plains Kiffifish

Rainbow Trout

Total

22 23 24 Total
Number

Fuf l

47

17

32

29

33

3

11

125

160

76

47

71

42

4

9

354

68

28

10

25

11

2

2

131

17

18

27

27

7

19

4A

89

292

139

116

152

93

28

_s4

699

290

139

116

152

93

28

60

697

Table '18. Minimum, maximum, and mean rength and weight
diet by AGFD from the cororado River, Grand 6.nyon, during

of fishes examined for
1 gg4.

I
I

Length

Bluehead Sucker 12 106 2g.2 O.1 g.1 O.9O
Ff annelmouth Sucker 1 s 98

110

72

77

57

416

34.7

33.4

34.5

33.7

3 5.2

262.4

0.1

0.1

0.1

0.1

o,2

0.3

g.g

1 0.5

3.6

5.4

1.20

o.g7

0.go

o.g5

I
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Humpback Chub

Speckled Dace

Fathead Minnow

Plains Killifish

Rainbow Trout

12

12

12

21

22
2 0.79

816 297.5 1
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Table 19. Percentage of fish containing each invertebrate taxa and parasitic cestodes
from bluehead sucker (BHSI, flannelmouth sucker (FMSI, humpback chub (HBCI,
speckled daca {SPDI, fathead minnow (FHM}, plains killifish (pKF}, and rainbow trout
(RBT) collected during four AGFD mainstem Colorado Riv€r, Grand Canyon, sampling
trips (Trips 22-251, 1994.

Invertebrate Taxa BHS FMS HBC SPD FHM PKF RBTI
I
I
I
I
I
I
I
I
I
I

Acarina
Amphipoda
Bivalves
Chironomidae
Cladocerans
Cladophora
Copepoda
Coleoptera
Ceratopogonidae
Culicidae
Insect Eggs
Human Food
G astropods
Hydracarina
Nematoda
Nematomorpha
O ligochaeta
Ostracoda
Plecoptera
Seeds
Simuliidae
Terrestrial Insects 1

Tricoptera

Cestodes 2

0.0
0.5
0.0

62.0
1 9.6
0.0
0.5
0.0
3.3
0.0
0.0
0.0
0.0
0.5
1,2
0.0
0.0
o,7
0.0
0.0
5.6
7.2
0.0

0.0

1.0
1,3
0.0

3q.5
15.4
0.0
7.7
0.0

13.7
0.0
0.0
0.0
0.0
0.0
6.0
0.0
0.0
1.0
0.0
0.0
4.0
9.0
1.3

o.o

1.1

1.5
1.1

32.2
4.5
0.0
7.2
o.g
1.5
1.5
1.5
0.0
0.0
0.8
0.8
0.0
0.9
3.0
1.1

1.5
7.6

17 .g
o.g

1 0.6

o.g
1,4
0.0

59.4
9.6
0.0
1,4
0.0
1.4
0,0
0.0
0.0
0.0
0.o
0.9
0.0
0.0
0.0
0.0
0.0

11 .4
10.0
0.0

3.7

o.o
0.0
0.0

46.9
6.3
o.o
0.0.
0.0

16.2
0.0
o.o
o.o
0.0
0.0
2.7
0.0
o.o
0.0
0.0
0.o
7.2

15.3
o.o

5.4

4.0 0.0
8.0 12.7
0.0 1 .1

36.0 17 .5
4.0 3.7
0,0 14.9
0.0 o.o
0.o 0.0

12,O 2.1
0.0 o.0
o.o o.o
o.o 9.5
o.o 2.6
0.0 0.0

10.0 3,2
0.0 1 .1

0,0 4.9
0.0 2.6
0.0 0.0
0.o o.o
0.0 12.2
8.0 9.5

10.0 2.1

8.0 0.0

Terrestrial insects were comprised of formicids, thysanopterans, aphids, hymenopterans,
and adult dipterans.

Cestodes were the Asian fish tapeworm lBothriocephalus acheitognathil.
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Table 20. Mean number of each invertebrate taxa in Gl tracts from bluehead sucker
(BHSI, flannelmouth sucker (FMS), humpback chub (HBCI, speckled dace (SPDI,
fathead minnow (FHMI, plains killifish (PKF), and rainbow trout (RBT) collected during
four AGFD mainstem Colorado River, Grand Canyon sampling trips (Trips 22-251,
1 994.

Invertebrate Taxa BHS FMS HBC SPD FHM PKF RBT TOT

I
-l

I
I

Acarina

Arnphipoda

Bivalves

Chironomidae

Cladocerans

Cladophora

Copepoda

Coleoptera

Ceratopogonidae

Cuf icidae

Insect Eggs

G astropods

Hydracarina

Nem atod a

Nematomorpha

O!igochaeta

Ostracoda

Plecoptera

Seeds

Simuliidae

Terrestrial Insects 1

Tricoptera

0.0

< 0.1

0.0

5,7

0.9

0,0

< 0.1

0.0

o.7

0.0

0.0

0.0

< 0,1

< 0.1

0.0

0.0

<0.1

0.0

0.0

0.1

o.2

0.0

< 0.1

< 0.1

o,o

6,7

1.2

0.0

1.6

0.0

1,7

0.0

0.0

0.0

0.0

0.4

0.0

0.0

o.2

0.0

0.0

o.2

0.4

< 0.1

<0.1

< 0.1

< 0.1

6,0

0.3

0.0

1.3

< 0.1

< 0.1

0.1

< 0.1

0.0

< 0.1

< 0.1

0.0

<0.1

0.4

<0.1

< 0.1

0.4

1.4

<0.1

< 0.1

<0. 1

o.o

4,8

0.3

0.0

< 0.1

0.0

0.6

0.0

0,0

0.0

0.0

< 0,1

0.0

0.0

0.0

0.0

0.0

0.3

0.3

0.0

0,0

0.0

0.0

2,7

0.4

o.o

0.0

o.o

0.6

0.0

0.0

0.0

o.o

<0,1

0.0

0.0

0.0

o.o

0.0

0.1

0.6

0.0

<0.1

o,2

o.o

3.6

<0.1

o.o

o.o

o.o

0.4

0.o

0.0

o.o

o,o

0.1

- 0.0

0.0

o.o

o.o

0.0

o.2

0.4

0.0

0.0

4.9

< 0.1

1 5.3

1,4

o.o

0.0

0.0

0.1

o.o

o.o
g.g

o.o

o,2

<0.1

2.7

1.9

o.o

0.0

5.1

5.0

<0.1

<o.1

<0.1

<o.1

4.9

0.5

< o.1

0.5

< 0.1

o.7

< 0.1

< 0.1

<0.1

<0.1

o.1

<0.1

<o.1

0.1

< o.1

<o. 1

o.2

o.6

< 0.1

I
I
I
I
I
I
I
I
t
I

Terrrestrial insects were comprised of formicids, thysanopterans, aphids, hymenopterans,
and adult dipterans. .l
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DrscusstoN

The invertebrate taxa most common in the GI tacts were generally also common in the planlaon
and benthic invertebrate samples, with a few exceptions, indicating little selection for or against
specific prey items by these fish. Chironomids were the most common prey item in both prevalence
and number of individuals/stomach in all fish species examined. Chironomids ranked second in
availability of all benthic invertebrates in the environment. Oligochaetes were the most common
benthic invertebrates in the environment, particularly in Reach 20, but were consumed by 0.8% of
the humpback chub and 4.8%o of the rainbow trout. We speculate that these invertebrates are less
susceptible to predation by fish than to our sampling methods. It would seem unlikely that these fish
would avoid a soft-bodied prey item such as these if it were available to them. Since all other fish
in this study were small (YOY or age 1), it may be that oligochaetes are found too deep in the
sediments to be available to these small fish. Larger, e.g., rainbow trout, may have been able to
access this food source. Ostracods, nematodes, amphipods, simuliids, and tricopterans were all
consumed by most or all of the fishes sampled. Pelecypods were not consumed by any fish and
gastropods were only consumed by rainbow trout. Terrestrial insects were also common food items
for all species. However, it may be difficult to estimate preference or avoidance of these prey items
since our benthos and zooplankton samples may have been inadequate to sample them.

Cladocerans were the most common zooplankton in the diet of all species, but ranked behind
copepods, rotifers, and ostracods in the environment. Copepods, were also eaten by all native fishes,
but in few numbers. Ostracods were consumed by low numbers of bluehead and flannelmouth
suckers, humpback chub, and rainbow trout. Rotifers were not found in the stomachs of any fish.
It appears that cladocerans are selected by these fish, rotifers are not selected, while the, other
zooplankton may be eaten in proportion toih.i. presence in the environment.

However, oligochaetes were fbund in large numbers in benthic invertebrate samples but not in
the stomach samples. Oligochaetes were eaten by humpback chub, but were common only in the
GI tracts of rainbow trout. I

The Asian fish tapewo rm (Bothriocephalus acheilognathi) wre recently introduced into the
Little Colorado River (Brouder and Hoffrragle in press). This parasite is known to infect
planktivorous cyprinids when the fish consume procercoid-infected copepods (Hoffrnan and
Schubert 1984). It has been found to infect humpback chub, speckled dace, fathead minnows, and
plains killifish (Heckmann et al. 1993; Clakson et al. in review; Brouder and Hoffrrag\e in press).
However, B. acheilogngthiisthermophilic (Hoffrnan and Schubert 1984) and, thus, may notlnvade
the cold water of the mainstem Colorado River. It is likely that all fishes found to be infected in this
study were infected while residing in the Little Colorado River.

. - B. acheilognathihas been known to cause high mortality in fish (Hof&nan and Schubert 1984).
Many humpback chub captured during Trip 20 had distended stomachs. A few of these were
examined in the field and found to contain large masses of intestinal tapeworms, probably sufficient
to block the gastrointestinal tract of these fish. Appendix i4 provides a furthei discuision of the
distribution and prevalence of B. acheilognathi in the Colorado River and tributaries in Grand
Canyon.

These results provide a cursory view of the diet of these
in conj Llnction with benthic invertebrate and zooplankton
preterence for various prey items and diet overlap betr,veen

species. Since these fish were collected
collections, future detailed analvses of
species is planned.
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Objective 3.6. Detemine the behaviord nesponlGr of lenal to jwenilc native fishcs to
changing environmentel conditions in rearing habitah.

This objective addresses the behavioral responses ofjuvenile fishes to environmental conditions
caused by Glen Canyon Dam. Fluctuating flows have the potential to force juvenile fish out of
backwaters or nibutaries into the mainchannel Colorado River, where the water is usually colder and
velocities greater. The use of mainstem (mainchannel beachface and backwater) habitats under
difFerent discharges and flow stages is examined.

Objective 3.6.u Measurement of the associated behavioral responses by young lish to different
flow regimes.

This objective examines how larval and juvenile fishes respond to changing environmental
conditions. In particular, the changes in floW stage and the changes in environmental variables that
are caused by these fluctuations.

METHODS

Fish were captured in mainchannel and backwater habitats using seines in 1993 and 1994.
Seines could rarely be used in tributaries due to the presence of obstructions. Therefore, tributaries
were not included in these analyses. During 1991 and 1992, minnow traps were used in an attempt
to answer this objective. However, extremely low catches (<1 - 13 % of the traps contained at least
one fish of a particular species) made this approach infeasible. Therefore, only the seine data is
presented here. During each collection period, variables were measured and recorded, including:
temperature, turbidity, conductivity, pH, dissolved oxygen, velocity, depth, estimated maincharurel
discharge, and stage of flow.

These analyses were restricted to fish < 150 mm TL and included juvenile humpback chub,
flannelmouth suckers, bluehead suckers, rainbow trout, and juvenile and adult speckled dace and
fathead minnow. Catch-per-unit-effort was calculated as number of fish caughVlOO m2 seined.
Logistic regression (c:0.05) was used to analyze the data due to a large number of 0 catches
(Hosmer and Lemeshow 1989). Due to inconsistencies in the data, two separate regressions were
run for each native and nvo exotic species (fathead minnow and rainbow trout) and total catch. The
first regression tested prbsence offish vs. discharge, habitat, reach, and flow stage). The second
regression tested presence of fish vs. the environmental variables (habitat, temperature, turbidity,
dissolved oxygen, pH, conductivity, depth, and velocity). A pseudo-R2 value (Myers 1990) was
calculated by the method provided in the Stata 3,1 Reference Manual (1994). A sequential
Bonferroni test was used to discern differences within efflects in significant regressions (Rice 1989)
with critical a = 0.05/nurnber of comparisons.

RESULTS

Presence of small fish in the collection was signihcantly related to the discharge variables
(P:0'0001; R2:0.171). Fish were more likely to be caught in backwaters than along mainchannel
beachf-aces (P:0.0001) . 'We were more likely to catch fish in Reach 30 than any other reach
(P<0'05), but there was no difference in catches between the other reaches. We were also more
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likely to catch fish in a steady low flow stage ttun in a descending flow stage (Ps0.05). Total carch
was also significantly relaied to the environmentat variables (F0.0001; R?=O.391). We wetp morp
likely tb catch fish as tutbidity increased (F0.0008).

Presence of juvenile bluehead sucker in the catch was significantly related to the discharge
varihbles (P--0.0001 ; Rz=O. I 53). Bluehead suckers were more likely to be caught in baclcrvaters than
along mainchannel:beachfaces (P=0.0001). Seine hauls in Reaches 40 and 50 were more likely to
contain bluehead suckers than the other two reaches, and Reach 20 was less likely to contain
bluehead suckers than any other reach (P<0.05). Seine hauls conducted under steaiy low flow
stages were more likely to collect bluehead suckers than hauls conducted under descending stages
(P<0.05). The presence of bluehead suckers in a seine haul was also related to the environmental
variables (P:0.0001; R'=0.238). However, no individual environmental variable was significant
(P>0.1184).

Presence of juvenile flannelmouth sucker in a seine haul was significantly related to the
discharge variables (P=0.0001; R'z-:0.165). Flannelmoirth suckers were more likely to be collected
in backwater hauls than mainchannel hauls (P=0.0001). They were also more likely to be found in
collections made in Reach 50 than all other reaches (P<0.05) and during steady low or steady high
flow stages than ascending or descending flow stages (P<0.05). The presence of flannelmouth
suckers in a seine haul was significantly related to the environmental variables (P:0.0001 ; R'z:0.3 1 7)
and increased with increasing temperarure (P=0.0007) and turbidity (P=0.0372).

Juvenile humpback chub presence in a seine haul was significantly related to the discharge
variables (P=0.0001; R'z=0.307). Humpback chub were more often caught in backwaters than along
maincharnel beachfaces (P:0.0001). They were also more likely to be a component of the catch in
Reach 30 than any other reach (P<0.05). There was no significant difference in likelihood of capture
tbr humpback chubs among any flow stage. Presence of humpback chub was significantly related
to the environmental variables (P=0.0001; R'?:0.296). The probability of capturing humpback chub
increased as turbidity increased (P:0.0001) and dissolved oxygen decreased (P:0.0219).

The presence of speckled dace in the catch was significantly related to the discharge variables
(P=0.0001; ft'z:0.158). Speckled dace were more likely to be found in backwater seine hauls than
from mainchannel beachfaces (P:0.0001). They were captured more frequently in Reach 50 than
all other reaches (P<0.05) and during steady low flow stages than any other flow stage (P<0.05).
Speckled dace presence was also related to the environmental variables (P=0.0001; R -0.299), being
more likely to be present in the catch when temperature (P:0.027.5) and turbidity (P=0.0201)
increased.

Fathead minnow presence in a seine haul was significantly related to the discharge variables
(P=0.0001;R2:0.219) and were more commonly caught in backwaters than along mai.nchannel
beachfaces (P=0.0001). Fathead minnor.vs were less likely to be captured in Reach 20 than any other
reach (P<0.05). Fathead minnow presence in a seine haul rvas also more likely during a steady low
tlow stage than during a descending stage. Presence of fathead minnows in the catch was
significantly related to the environmental variables (P=0.0001; Rr=0.334). The likelihood of
capturing fathead minnows increased as turbidity (P:0.0270) and conductivity (p:0.0035) increased
and depth 1P:0.0173) decreased.
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' Presence of juvenile rainbow trout in a collection was significantly related to the discharge
variables 1p{.0001; R=0.154) and they were also mote commonly collected in bacloratss than
along rnainchannel beachfaces (F0.0233). Rainbow tout were more likely to be found in Reach
20 than any other reach and were less likely to be found in Reach 50 than any other reach (P<0.05).
There was no difference in likelihood of captnre between Reaches 30 and 40. There also was no
difference in the likelihood of catching rainbow trout under any of the flow stages. Presence of
rainbow trout in a seine haul was significantly related to the environmental variables (p=0.0001;
R'z:O.128). The likelihood of catching rainbow trout increased with decreases in conductivity
(P:0.0467).

DISCUSSION

These data showthat juvenile fishes of all species are more commonly caught in backrvaters than
along mainchannel beachfaces. They were also more likely to be caught in Reach 30 than any other
reach. Juvenile fish were more likely to be captured under a steady low flow stage in four of the six
species examined, plus total catch of all species. The presence ofjuvenile fishes in the catch was
positively affected by increases in turbidity in four of the six species examined, plus total catch of
all species. Temperature (increasing), conductivity (increasing or decreasing), and dissolved oxygen
(decreasing) were also related to the presence ofjuvenile fishes of one or more species.

The higher catches of all species of fish in backwaters as compared to mainchannel beachfaces
is not surprising. Backwaters are wanner, have little or no water velocity (see Objective 3.4.a), and
usually contain structure of some type (e.g., vegetation, rocks, or tree branches). In comparison,
mainchannel beachfaces are largely barren expanses of sand with sometimes strong current velocities
(although slower than.velocities further from shore) and cooler temperatures. The lack of struchre
probably makes fish less likely to use these areas during daylight hours or when tu$idity is low.
Also, we cannot discount the possibility that water conditions and our seining methods have affected
these results. Under low turbidity conditions, particularly in the mainchanneln the fish may have
been able to see our seine and avoid it. In backwaters, the entire width of the baclsilater was covered
by the seine and we moved from deep to shallow areas, making avoidance more diffrcult.

Catch of each species varied by reach with the total catch being highest in Reach 30. The
likelihood of catching smatl fish of a particular species in a particufar reactr is probably stongly
related to the presence or absence of spawning areas for that species within the reach. No known
spawning areas for bluehead suckers are found above the LCR, nor are bluehead suckers of anv size.
Bluehead and flannelmouth suckers are both more likely to be found in the lower reaches,
particularly Reach 50, which is found below Kanab and Havasu Creeks where they are known to
spawn in large numbers. Although other areas are suspected, the largest spawning area for
humpback chub is in the LCR, making it most likely that they will be cpught in Reach 30. Speckled
dace are found throughout the system, but probably prefer the warmer waters of Reach 50. Fathead
minnows probably reached the Grand Canyon via the upper Little Colorado River drainage where
there are warmwater reservoirs containing these fish (probably introduced for forage for g*.
species or by bait bucket introductions). These exotics have expanded their range downstream, but
have not moved far upstream in the cold, swift waters of the Colorado River *a *. less likely to
be captured in Reach 20' Rainbow trout are stocked at Lee's Ferry and spawn in that and other areas
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inReach 20 and arc commonly caught there. Probably due to tusidity from the LC& they are less
conrmon in Reach 30 and below, except near cool, clear tributaries where they can spawn.

Juvenile fishes are more frequently a part of the catch during steady low flows than they are
during descending flows. Fishes in the Colorado River evolved under a regime of long-tenn
(seasonal) fluctuations in river level, as opposed to short-term (daily) fluctuations now present in the
regulated system (Minckley l99l). They leave shallow nearshore areas when water levels are
dropping, probably a response to avoid stranding. We sampled many isolated backwaters in the
Grand Canyon and, except for one very deep one, have found extremely few native flrshes stranded
in them. This indicates that fluctuating water levels do not need to desiccate or isolate a backwater
to have detrimental affects on larval and juvenile native fishes.

It appears that juvenile fish were more susceptible to seining when turbidity was high. This is
also expected since these fish also evolved in a muddy stream and, thus, are probably uncomfortable
in shallow water when the water is clear and they are visible to potential terrestrial and"/or avian
predators. Under clear water conditions, they probably seek deeper water than we were able to seine
effiectively or areas of cover which are also diffrcult to effectively seine. This would have the effect
of limiting our catch under clear water conditions. Again, we cannot discount the possibility that
clear water also allowed the fish to see our seine better and avoid it, particularly in the mainchannel.

The presence of flannelmouth sucker and speckled dace in the catch was significantly related to
increasing temperature. This can be interpreted in a number of ways. Firstly, that temperature may
not have been a factor determining where other fishes, inciuding humpback chub and bluehead
sucker, were caught. This is uniikely considering that these fish evolved in a warmwater system and
are now subjected to cold water. Bulkley et al. (1982) found that the preferred temperature for
juvenile (80-120 mm) humpback chub was2l.0-24.4oC and it is likely that the preferred temperature
for the other Colorado River native species is similar to this range. Injact, the water released by
Glen Canyon Dam rarely reaches the likely preferred range for these species (see Objective 3.4.a).
Secondly, since these waters are colder than the pref'ened temperature of these fish, it may be that
they select habitats based on other factors, such as turbidity or food density. Thirdly, since all
species of fish were more commonly caught in backwaters, this may indicate a preference for
warrner water, since backwaters are significantly wanner than the maincharurel (see Objective 3.4.a).

Catch of both fathead minnow (positively) and rainbow trout (negatively) was shown to be
related to increasing conductivity. Fathead minnows come from relatively wafin, slow streams.
Since conductivity was significantly higher in backwaters than in the mainchannel, this result may
simply reflect a preference for backwater habitats. The negative relaticinship between rainbow trout
presence in the catch and increasing conductivity is probably due to the increased prevalence of
rainbow trout in Reach 20 which also had a significantly lower mean conductivity than all other
reaches (see Objective 3.4.a).

The presence of humpback chub in the catch rvas found to be negatively related to increases in
dissolved oxygen levels. Again, this may be related to backw'ater conditions, which were preferred
by all species' Dissolved oxygen was significantlv lor,ver in backwaters than in the mainchannel.
Ho'"vever, this result should not be interpreted to mean that humpback chub prefer pooriy oxygenated
rvater. The levels of dissolved oxygen recorded in this study were rarely ai levels that would affect
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fish grouth or habitat pr€ference (Boyd 1979; Piper et al. l9S2). No fish of any species wero
captured in the fewareas where dissolved oxyg€n levels wer€ q(tremely low.

Of interest was that the presence of any species in the catch was not significantly related to
changes in velocity. Since a vast majority of the fish were captured in backuraters, which have
significantly less velocity than the mainchannel, this may also simply reflect a preference for
backwaters by these small fish.

These data were difficult to analyze and further analysis is clearly indicated. Further analyses
of CPUE and habitat, map, benthic invertebrate and plankton dat4 and species associations may shed
further light on a clearly complex relationship. Population estimates were completed for most
backwaters sampled under the Type A protocol and these data should be analyzed with habitaq map,
benthic invertebrate, and plankton data.

Previous analyses indicate that, juvenile native fish spawn in tributaries, particularly the LCR
and Bright Angel, Shinumo, Kanab, and Havasu Creeks (see Objective 3.1). It appears that they
spend a short amount of time there (except, possibly in the LCR) and then move (actively or
passively) into the mainstem Colorado River. Once in the mainstem, they prefer backwaters, which
are wanner, have low velocity and more food (benthic invenebrates). Fluctuating flows appear to
be detrimental to larval and juvenile fishes, since they were less likely to be captured when water
Ievels are decreasing, and may force fish out of backwaters and into the mainchannel. The
mainchannel water is colder and less productive, which reduces food availability. There are also
more are predators, such as large humpback chub, trout, channel catfish, and striped bass in the
mainchannel (Valdez and Ryel 1995). All of these factors will dramatically affect the growth and
survival of larval and juvenile fishes.

Objective 3.9. Determine the extent to which limnological factors, with emphasis on water
chemistry and aquatic productivity, potentially limit the distribution and abundance of native
fishes in the Little Colorado River and other tributaries which might setve as streams for
augmentation of humpback chub in Grand Canyon.

Obiective 3.9.4" Evaluation ofwater chemistry and hydrologic events as they affect distribution
and abundance of fishes directly and secondarily through impacts on productivity of algae and
invertebrate food resources.

This section addresses the feasibility of introducing a new population of humpback chub into
other tributaries of the Colorado River in Grand Canyon. The Little Colorado River currently
contains the only regularly breeding population of humpback chubs in Grand Canyon. Creating
another spawning population of humpback chub was addressed in the Glen Canyon Dam
Environmental Impact Statement and is being examined to prevent a complete loss of humpback
chubs in the Grand Canyon in the event of a catastrophe in the LCR. The streams in question are
Bright Angel Creek, Shinumo Creek, Kanab Creek, and Havasu Creek. Humpback chub have been
captured in the mouth or vicinity of each of these streams and it is possible that breeding attempts
have been made there. However, no evidence of successful reproduction has been found in any
tributary other than the LCR.
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METHODS

Water chemistry data werc collected each time fish collections were attempted in nibutary
strearls and included temperattue, turbidity, dissolved oxygen, pH, specific conductance, and redox
potential. However, fish collections were not made regularly in each stream. Still, enough is known
about these streams, from this and previous studies, to evaluate the likelihood of humpback chubs
successfully reproducing in these streams and the feasibility of such an introduction. Parameters
from the LCR were compared with those in Bright Angel, Shinumo, Kanab, and Havasu Creeks,
during the same months (March, April, July, and September - months during which all tributaries
were sampled), to determine which was closest to the conditions present in the LCR. Our limited
data and shortage of coincident samples in LCR and other tributaries make comparisons diffrcult.
Therefore, only qualitative and cursory comparisons have been made.

RESULTS

Habitat variables varied widely among tributaries and month of sampling in specific tributaries
(see Objective 3.4.a). Table 2l lists minimum, maximum, mean, standard deviation, and number
of samples collected of temperature, turbidity, dissolved oxygen, specific'conductance, pH, redox
potential, and stream velocity in the Little Colorado River and Bright Angel, Shinumo, Kanab, and
Havasu Creeks, calculated for only the months of March, April, July, and September, lggl - 1994.

Mean temperature during March, April, July, and September in the LCR was 15.13oC. Shinurno
Creek had the closest mean temperature (14.81"C) with Havasu Creek being the furthest (20.41.C).

Mean turbidity inthe LCR was 1453 NTU. Kanab Creek was closest, with a mean turbidity of
1212 NTU. Bright Angel and Havasu Creeks were the furthest, with mean turbidities of 6 NTU and
10.8 NTU, respectively.

Mean dissolved oxygen level in the LCR was 9.11 mg/L. Bright Angel Creek was the closest,
with a mean of 9.20 mg/L and Kanab Creek was the furthest with a mean of 8.38 mglL.

Mean conductivity in the LCR was 1913 prSicm. (anaU Creek was the closest, with a mean of
l3l I pslcm. Bright Angel creek was the furthest with a mean of 300 prS/cm.

Mean pH in the LCR. was 8.10. Kanab Creek was closest, with a mean pH of 8.37 and Shinumo
Creek was the furthest with a mean of 8.54.

Mean redox potential in the LCR was 353 mV. Bright Angel Creek had the closest mean (382
mV) and Kanab Creek had the furthest (439 mV).

Mean velocity at the sampling site in the LCR was 26.3 cm/s. Bright Angel Creek was the
closest, with a mean of 28.5 cm/s and Kanab Creek was the furthest with a tn.* of 5.1 cm/s.
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It appears that larval and juvenile humpback chub would be capable of sqrviving (at least
seasonally) in all of the Colorado River, Grand Canyon, tributar.ies studied. None of the water
quality parameters even approached extemes that would be likely to discouage humpback chub
from using them for spawning or rearing. However, all of these strearns have ch,aracteristics which
could make creation of a successful, self-sustaining population of humpback chub diffrcult or
unlikely.

Bright Angel Creek had the closest mean dissolved oxygen level, redox, and velocity to those
in the LCR. Bright Angel Creek flows year round and does not warm excessively. However, it
contains rainbow and brown trout, potential predators of all life stages of humpback chub (Valdez
and Ryel 1995). Also, its turbulence may make early life difficult for larval humpback chub. Lastly,
it is currently accessible to humpback chubs, but there is no evidence that they use it. Humpback
chub are found in the vicinity of Bright Angel Creek, since we captured one adult in the
mainchannel, just outside of the mouth, :rr-1994. The reason for this lack of use should be examined
before any introductions are made in Bright Angel Creek.

Table 21. Minimum, maximum, mean, standard deviation, and number of samples collected
of temperature, turbidity, dissolved oxygen, specific conductance, pH, redox potential, and
stream velocity in the Little Colorado River and Bright Angel, Shinumo, Kanab, and Havasu
creeks during AGFD sampling in March, April, July, and september, 1gg1-g4.

Tribut ary

I
I
I
I

Variable

Little
Colorado

River
Bright Angel

Creek
Shinumo

Creek

I

Kanab
Creek

Havasu
Creek

I
I
I
I
I
I
I
ITemperature (o C)

N

Minimum
Maximum
Mean

Standard Deviation
Turbidity (NTUI

N

Minimum
Maximum
Mean

Std Dev

Dissolved Oxygen (mg tL)

N

Minimum
Maximum
Mean

Std Dev

14
g.g

24.6
15.13
4.52

14

4

4,40A
1,453,3
1 ,639.3

11

4,53
11

9.1 1

1 ,87

5

10

19,7
16.99
4.22

3
A

o

6

6

0

3

9,2
9.2
9,2

0

15

10

21 .g

1 4.81

5.1

11

2

850
201 .2

330.2

5

8.2
11.2

I
1.3

15

1 1.5
34

20.19
6.39

12

2

6,300
1 ,21 1.9
2,39?.7

9

6.6
9.4

g.3g

0.79

7

1 5.1

23
20.41

2.94

5

3

16

10.9

7,1

7

8.1

9.1

8.46
0.39

I
I
I
"l

I
I
I
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I T6bfe 21 continued.

I
I Variable

Little
Colorado Bright Angel

River Creek
Shinumo

Creek
Kanab
Creek

Havasu
Creek

Tributary

I
I

Soecific Conductance (/rS/cm)

N

Minimum
, Plaximum
r [/ean

Std Dev

13

800
3,900

1 ,912.7

3

300
300
300

o

5

300
760
416

199,2

9
910

1,900
1 ,31 0.6

451 .3

7

615
720

662.1

54.41,055.6

I
I
I
I
I
I
t
I

pH

N'

Minimum
Maximum
Mean

Std Dev

Redox Potential (mV)

N

Minimum
Maximum
Mean

Std Dev

Velocitv (cm/s)

N

Minimum
Maximum
Mean

Std Dev

3

7,9
8.3
8.1

o,2

1

353
353
353

11

6

64
26.3
20,7

3

6.1

8.6
7.77
1 ,44

3

382
382
382

0

3

I
59

28.5
26.3

5

9.3
8.6

8.54
0.1 3

4

41 4
455

423,9
20.9

11

1

131

22.8
38

I
8,3
8.6

8,37
0.1

4

362.5
464

438.6
50,8

12

e
15

5.1

4.1

7

8.4
9.55
8.48
0.08

3

433
433
433

0

5

o
23

10.9

8.4

I
I
I
I
I

Shinumo Creek had the most similar mean temperature to the LCR. Adult and juvenile (>49
mm) humpback chub have been captued in the mouth of Shinumo Creek. However, Shinumo
Creek has the problem of a barrier falls just upstream from its moutl, providing a very limited
amount of potential spawning area. It also has rainbow and brown trout which wotrld probably prey
on young humpback chub.

Kanab Creek had the most similar mean turbidity, conductivity, and pH to the LCR. Flumpback
chub have also been caught in the mouth of Kanab Creek, including a 34 mm juvenile. Similar to
Bright Angel Creek, Kanab Creek is currently accessible to chubs, but no evidlnce of spawning or
use upstream from the mouth has been found. Kanab Creek also contains predators. Green sunfish
(Lepomis cyanellus) were first found in Kanab Creek in March 1995 and their numbers have been
increasing. Also, striped. bass have been captured in its mouth and are known from the mainstem
in this vicinity (Valdez and Ryel 1995).



CenycrBeqcwrrers
- Havasu creek is often thougbt of as the most suitable sheanr for innoducing h'mpback chub,

ffiffi15 "T*lp"*Xk*ny:{:l,l_9 
lio"J** are most simirar. However, inthese lilfited analvscs, Havasu creek was not the closest;;"#iff#Hffit3;"T"JjJr?Jl

parameters' still, it is probable that juvenile hnmpback ciub could s'rvive there. Havasu creek,like shinumo creek, also has a probiem of barrieifalt, u riott distance upsteam from the mouth,leaving only a relatively small area of fast water ourigr"u"r in which r" ,p"rr* This area may besuitable for spawning but is unsuitable for rearing. T#; are no low velocity areas and lanralhumpback chub woufd be quickly swept into the mainstem colorado River where they wouldprobably fare poorly (Lupherand il*kro-n lgg4). Pre-dam, it is possibl. oi.u.o likely that springfloods in the mainstem caused water in Havasucreek to iu.t up, covering the falls. This wouldmake several kilometers ofHavasu creek (possibly excellent spawning and rearing habitag availableto chubs and to flannelmouth and bluehiad suckers. rro*.u"., if humpback chub did use thistributary why are they no longer there? It would seem unlikely that all of the fish would be displacedby even a major flood and tfrele are no fredators.b";;;;;anier falls. This evidence would seemto indicate that humpback chub never urfa Huu*u creek- Aaut numpuack chubs (including at leastone ripe male)' but no larvae orjuvenileq.have been.up*ia1n the mouth of Havasu creek and maybe remnants of a Havasu creet ,pu-iling population-- Huuuru creek is also the closest majortributary to the warm water predatois mo',ringuistream rrom r*e Mead. Indeed, shiped bass havebeen caught near Havasu creek (valdez and iyel lgg5). This would be a major concern if themainstem water is to be yarmed, as proposed in the Glen canyon Dam Biological opinion.Determining a solution to the probiem oraccessibttit"L*""d the iower falls and the reason whyhumpback chub are not presently in this tributary *ouid rru* ,o be resolved before an introductionof humpback chub into Havasu Creek should be made.

Several of these streams are accessible to humpback chub but are currently not used forspawning' In Bright Angel creek, turbulence ana the prer.n." of salmonid predators may be thereason' In Kanab creek this may be due-to extreme temperatures reached in itre summer (34"c inAugust)' In september 1993,we sampled the lowest I kiiometer of Kanab creek, but were able tofind only 2 deadbluehead suckers *i on. nearly dead speckled dace. It is fikJy that with a largeamount of algal growth and high temperatures, that Kanat creek becomes anoxic during the night,killing most fish remaining in it. 'However, 
both bluehead *d fl'u,J;outh ,u"krrs spawnsuccessfully in Kanab creek, indicating that other factors may be responsible for the non-use ofKanab creek by humpback chub' Larvae of both species of suckers drift downstream soon afterhatching' Humpback chub appearto i..or. sedentary, a life history trait that might be unsuitablefor life in Kanab Creek, giuen its high summer temperatures.

Flannelmouth and bluehead suckers successfully spawn in Havasu creek below the barrier falls,but there is no evidence of humpback chub spa*ning trro.. 
-Ho*.ver, 

ifhumpback chub can strrvivebeing swept into the mainsterncolorado Riu., u, L*u., the-n a limited rp"i*iig popuration maybe feasible below the falls in Havasu Ci..t. However, ;;;ft"* A9FD experiments (Lupher andclarkson 1994) indicate that humpback chub rouia r*. o""rr, under a"r.-.*iitions. It may bethat larval flannelmouth and bluehead ru.kerc are more toierant.ofcold shock (further experimentson these species are cunently underwayj' sritt, r1,'ur unJjuuerute trumpback ffi (> 14 mm) havebeen captured between nni D2-208:'Cut *e don't know whgre these fish were spawned. It ispossible that these fish came from the icR, bu, i, ,..rn, untikely that fish this sma, could havesurvived that journey (209 km), making a downstream;;;;j"g area seem more rikely. There are
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*arm springs below Lara Falls Rapid (RM 179.5) wtrere chubs coul4 conceivably, spawn and tbcrc
may be othels, of which we ar€ unawarc.

Additionally, ttlett appears to be another breeding congregation of humpback chubs in Grand
Canyon. Evidence of spawning outside of the LCR was fint found by AGFD in 1993. Lawal
humpback chub were first found at RM 44.27 throughout 1993. Valdez and Ryel (1995) reported
adult chub in the area of a series of warm springs near South Canyon (RM 30), suspected to be the
spawning site, since no larvae have been found above there. We also found yearling humpback chub
in the spring of 1994, and continued to find more larvae and juveniles throughout that year.
Bio/West, subsequently found humpback chub larvae (mean total length = 24 mm; Valdez and
Masslich 1994) in the upwelling of a warm spring in 1994, providing further evidence that this is
the spawning site. The size of the adult population in this area is small and was estimated to be only
52 fish (Valdez and Ryel 1995). Further investigation of this spawning area will proceed.

The evidence of spawning outside of the LCR at RM 30 and in the lower canyon may lessen the
need for the introduction of a new spawning population of humpback chub in a Colorado River
tributary in Grand Canyon. It also provides evidence that a reduction in the rate and magnitude of
fluctuations in dam discharges improves habitat for these endangered fish. These fish were
spawning in the mainchannel dwing Interim Flows, which feature reduced fluctuations. It may be,
that spawning activity has been occurring under flow iegimes with more drastic fluctuations.
However, no evidence of it, in particular larval or juvenile humpback chub, have been found.

In summary, none of the tributaries of the Colorado River, Grand Canyon, appears to be
immediately suitable for introduction of humpback chub and the creation of a self-sustaining
population. Further investigation of these streams and, especially, the spawning requirements of
humpback chub, including the possibility of imprinting (Tyus 1983, 1990), must be completed
before any affempt is made at introducing these fish into a tributary.
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Appendix 6' Number of fish caught and percenbge of the catch of each species and total catch during each year ofAGFD sampling in tributaries of the colorado River, Grand canyon, lggl-g4.
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Appendix 6 (continued). I
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I Appendix 6 (continued).
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Appendix 13. Changes in Water Temperature of Baclcwatcrs During Fluctuatingy!. Short
Term Steedy Flows in thc Colorado River, Grand Cenyon

Timothy L. Hoffrragle
Fisheries Research Biologist

Research Branch
Arizona Game and Fish Department

2224 E. Cedar Ave.
Flagstaff, AZ 86001

Abstract

Changes in water temperature of backwaters during fluctuating vs. short-term steady

flows were compared in the Colorado fuver, Grand Canyon, during four days of fluctuating flow
vs. three days of steady flow, 25 - 31 May 1994. Temperature gauges were deployed in for.u

backwaters of the Colorado River in the vicinity of its confluence with the Little Colorado River.
Water temperatures in both the mainchannel and backwaters displayed regular daily fluctuations
under both fluctuating and steady flow regimes; Mean mainchannel temperatrue was wanner
under steady flows. Mean, minimum, maximum, and diel range of backwater temperafures were

higher under steady flows. These results indicate that steady flows will cause warming of the

mainchannel Colorado River and its backwaters. Changes in dissolved oxygen and pH are also

discussed. These temperatue changes may both positively and negatively affect fish populations

directly and indirectly through their intluence on primary and secondary productivity-and the
potential for an increase in parasite and disease prevalence. These factors should be more closely
examined before implementation of a steady flow regime or other changes that might increase

water temperature in the river,

The flow of water in the Colorado River through Grand Canyon is predominantly
regulated by hypolimnial discharge from Glen Canyon Dam. The closure of Glen Canyon Dam,
in 1963, turned a seasonally wann, muddy river into a constantly cold and typically clear one,
greatly affecting the biota of the river corridor, particularly the native fishes. Alteration of
spawning and rearing habitat, blockage of migration, and introduced native species have

contributed to the extirpation of four of the original eight native species (Minckley, 1991).
Reproducing populations of only four native species remain: humpback chub (G/a cypha; tisted
as endangered; U. S. Fish and Wildlife Service, 1990), flannelmouth sucker (Catostomus
latipinnis), bluehead sucker (Catostomus discobolus), and speckled dace (Rhinichthys osculus).
As many as l7 exotic fish species have been found in the Grand Canyon (Maddruc et al., t987:
Valdez and Ryel, 1995; AGFD, 1996).

Glen Canyon Dam is operated as a peaking power hydropower facility. From closure of
the dam in 1963 through July 1991, discharge release pattems have fluctuated widely on a daily
basis with no restrictions on ramping rates. During this period, discharge peaked in the early
afternoon and could reach 893 mris (3 1,500 cfs), while low discharge, as low as 2g m3/s (l,000
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cfs) or 85 m3/s (3,000 cfs), depending on the time of year, occund during the early morning. On
I August 1991, interim op€ratio$t were implementd restricting daily flow fluctuations to a
maldmun discharge af 567 m3/s (20,000 cfs), and a minimnm of 227 m3/s (8,000 cfs) from
0700hto 1500h andl42m3/s (5,000cfs)atnigbt. Rampingrateswerealsorestrictedto Tlmrls
(2,500 cfs) per hour up and 43 m3/s (1,500 cfs) per hour down.

Backwaters have become increasingly important as rearing areas for native fishes in the

Colorado River system (Holden, 1978; Valdez and Clemmer, 1982; Carter et a1.,1985; Maddux
et a1.,1987; AGFD, 1996) due to changes in habitat caused by dams, particularly decreased

water temperature. Backwaters are quiet pockets of water connected to the mainchannel (but
with greatly reduced or no flow) and are formed in areas of eddies where scouring occurs under
higher flows. As water levels drop, a reattachment sand bar is exposed, partially isolating the
eddy return channel and forming the backwater (Rubin et a1.,1990). Not only do backwaters
provide calm, sheltered water, they are also warmer and contain greater densities of aquatic
invertebrates than the mainchannel (Cole and Kubly, 1976; AGFD, 1996). .However,

fluctuations in dam releases cause inundation and/or dewatering of backwaters, reducing their
ability to support larval and juvenile fish (Kennedy, 1979).

In an effort to improve habitat for native fish, a regimen of steady releases from Glen
Canyon Dam has been proposed (U.S. Fish and Wildlife Service, 1994). Stabilized river levels
would prevent the daily loss and creation of backwaters. This diel cycle forces juvenile fish to
move into or out of backwaters each day. Intemrpting this cycle could improve conditions for
juvenile fishes. Jourdonnais and Hauer (1993) speculated that forced movement, caused by
alterations in river discharge may increase predation on juvenile fish. It is likely that backwaters,
under steady flow conditions, would support increased planktonic and benthic invertebrate
communities as a result of increased temperature and decreased daily flushing (Kennedy, 1979).
A dramatic increase in benthic invertebrate populations has been seen in backwaters sampled
under reduced fluctuations (AGFD, 1996) when compared to samples collected under flow
regimes designed to ma:<imize powerproduction (Coie and Kubly, 1976;Haury, 1986, 1988).
Conversely, turbidity, which is used as cover by native fishes (Valdez and Ryel, 1995;AGFD,
1996), will likely decrease under steady flows. This would make backwaters and other nearshore
areas less hospitable to larval and juvenile native fishes.

This study was conducted to examine differences in diel temperature changes in
backwaters and the mainchannel during fluctuating vs. steady flows in the Colorado River,
Grand Canyon. This study provides initial data concerning the effect of steady flows on lawal
and juvenile native fish habitat in the colorado River. Grand canvon.
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Study Aree
This study was conductd on the Colorado River, in Grand Canyon National parlc, near

the confluence of the Colorado and Little Colorado (LCR) Rivers (RK 99; RK = river kilometers
below Lee's Ferry). The reach between Kwagrrnt Rapid (RK 90.1) and Lava Chuar Rapid (RK
105.4) was explored for suitable backwaters. This reach is important because all fogr remaining
native fish species reproduce in the LCR and rear in the mainstem Colorado River in this area
(AGFD, 1996).

Fotr backwaters, RK 94.6L,95.9L,97.LL,and 102.5R ('L' and 'R' denote side of river
when facing downstream), were selected based on the likelihood that they would persist under
both flow regimes. These backwaters varied in many physical charaeteristics which may affect
warming and their chemical characteristics. These included: surface are4 depth, mouth
dimensions, amount of algae and/or aquatic vegetation, and exposure to solar radiation. Two
backwaters, RK 94.6 L and RK 97.8 L, were well established, judging by the presence of aquatic,
emergent, and terrestrial vegetation in and around them. The remaining trrro backwaters, RK
95.9L and RK 102.5 R, were bounded by clean sand bars and were probably more ephemeral.

The backwater at RK 94.6 L was long, wide, and mostly shallow (<l m) and its size
varied greatly with water elevation. The foot (terminal end) of this site remains a backwater
except under high discharges (> 510 m3/s = I 8,000 cfs), not seen during this study, which would
inundate the site. Its mouth was wide and deep (>l m), its location and dimensions varied
greatly with varying river discharge. This backwater contained a dense mat of aquatic
macrophytes, including Potamogeton and Anachris with Equisetum and Typha along its sides.

The backwater at 95.9 L was very small, narrow, and shallow. Its mouth was also
shallow and na:row and the size of this backwater did not vary greatly with river elevation. This
site would be inundated by flows barely exceeding those seen during this study. bue to its
location, partially under an overhanging ledge, and the fact that the river there flowed north to
south, this backwater received the least solar radiation of ail of those studied. The only aquatic
vegetation in this backwater was sonie Cladophorathathad drifted in from the mainchannel.

The backwater at RK 97.8 L was wide with both deep and shallow sections. The mouth
was wide, but very shallow. This site would also require flows >510 m3/s for inundation. It was
also very exposed to solar radiation and contained much aquatic vegetation, including
Potamogeto,n and Equisetum in the shallow areas and Cladophora in the deeper areasi.

The backwater at RK 102.5 R was wide and shallow with nvo anns. Its mouth was wide
and deep' It was fairly well exposed to solar radiation, but contained no aquatic vegetation
except some Cladophora that had drifted in.

Methods
Backwaters on the Colorado River, Grand Canyon, between Kwagunt Rapid and Lava

Chuar Rapid were sampled during a period of approximately four days of fluctuating flows, 25 -
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28 May lgg4,and tblee days of steady flows, 29 - 31May 1994. Fluctuating flows ranged from
221m1*(7,8ff)cfs) to374m3/s (13,200 cfs) while steady flows were approximately 233 m3/s

(8,200 cfs). Stcady releascs from Glen Canyon Dam began at approximately 0600h 28 May and

reached the confluence of the Colorado and Little Colorado Rivers at approximately 0000h on29
May. Sampling was completed on 31 May when fluctuations resumed with a decrease in
discharge at approximately 1500h followed by an increase at approximately 2200h.

Temperatue gauges were placed in the four backwaters on 24May 1994. Mainchannel
temperatue and discharge data were obtained from the U.S. Geological Survey gauge on the
Colorado River at RK 98.3 R, above the mouth of the LCR. All instruments were set to record at

30 minute intervals from 25 May - I June. Differences in diel mean, minimum, and maximum
temperature ("C) between steady vs. fluctuating river discharge were tested using paired t.tests.
A Sequential Bonfenoni test (Rice, 1989) was used to determine the significance of differences
at an overall a<0.05.

Results

Water temperatures in both the mainchannel and backwaters displayed regular diel
fluctuations under both fluctuating and steady flow regimes (Figure A.l). Maximum
temperatures occurred in the afternoon and minimum temperatures in the early moming hours.

In the mainchannel, mean temperature was 8.36"C under fluctuating flows but was
significantly higher (P:0.0020) at8.92oC under steady flows. Mean daily minimum
temperature, maximum temperature, and diel temperature range were noJ significantly different
in the mainchannel between flow regimes (P>0.0305, a>0.0167). .

In backwaters daily mean, minimum, and maximum temperafures, and diel temperature
range were significantly wanner under steady vs. fluctuating flows (P<0.0046). Daily mean
temperature under fluctuating flows was 11.97"C and increased to 14.53oC under steady flows.
Mean daily minimum temperatue increased to I 1.50'C, under steady flows, from 10.54oC,
under fluctuating flows. Mean daily ma"rimum backwater temperature under steady flows was
18.66"C but only L4.4l"C under fluctuating flows. The mean diel temperature range was only
2.72c under fluctuating flows but increased to 5.61oc under steady flows.

Daily mean and modmum water temperatures were significantly higher (P<0.0040)
under steady flows in the monitored backwaters at RK }4.6L,RK 97.SL, and RK 102.5L, but
not significantly different at RK 95.9L (P=0.0104, a>0.0100). Daily minimum warer
temperature significantly increased (P:0.0060) from l0.80oC to l2.30oC in the backwater at RK
[02.5R, but not at any other site (p>0.0241, a>0.0100).
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Figure A.l. Changes in temperature in mainchannel (RK 98.2) and backwaters (RK 94.6L,
95.9L,97 .8L and 102.5R), and river discharge (at RK 98.2) from 25-31 May 1994 during
fluctuating and steady flows in the Colorado River, Grand Canyon. Temperature gauge in
backwater at94.6L was dewatered (a) and resubmerged (b).
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Iliscussion

It is evidcnt that a 64 honr (three penods of daylight) regimen of steady flows caused an
increasc in urater temperahre in both baclaraters and the mainchannel Colorado River during
late May 1994. Backwater temperafires are largely influenced by ambient temperature, solar
radiation, and mainchannel temperature. Under fluctuating flows, bachraters may warm, but
daily flushing with mainchannel river water resets the baclavater temperaflre to approximately
that of the mainchannel. Under the steady flow regime, diel fluctuations in temperature were still
influenced by solar radiation and changes in ambient temperature but were less influenced by the
mainchannel. With minimum ambient temperatures well above that of the mainchannel water
and no surge of mainchannel water, backwaters held heat better under the steady flow regime
than under fluctuating flows. Additionally, backwaters may wann further the next day,
depending on ambient temperature and solar radiation. In all sites, except RK 94.6L, the highest
daily mean and minimum temperatures occurred on the last day of steady flows, and at all sites
the highest maximum temperaturb occurred on the last day, indicating an increase in temperatr.re
over time. The full potential for backwater warming was probably not rdached during this short
period of steady flows and these data are insuffrcient to estimate the limit of warming.

The diel timing of flow.fluctuations near the LCR are such that temperature variation in
backwaters should be maximized. During fluctuating flows, peak discharges reached the LCR
gauge between 0600h and 0900h, leaving the remainder of the day under steady or decreasing
discharges. This should permit backwaters in this area to warn considerably throughout the day
due to little input of new, cold water from the mainchannel. In most other areas of the Colorado
River, Grand Canyon, warming should occur to a lesser degree since the timing of high and low
discharge occurs at different times of the day, reducing the potential fol warming. If low
discharge occurs in the early to mid-morning, warming of backwaters should be greatly
diminished as they are filled with cold river water during daylight hours.

Backwater temperatures under fluctuating flows were not those prefened by native fish in
the Grand Canyon. Humpback chub prefer water temperatures of 2l - 24.4C (Bulkley et al.,
1982) and other native Colorado River fishes probably have similar preferences. These preferred
temperatures ile far from the 7.6 - 9.6"C temperature range recorded in the mainchannel during
this study under both fluctuating and steady flows. Even in the monitored backrnraters, ma:<imum
recorded temperature was 17.66C under fluctuating flows. Mean baclavater temperatgre under
steady flows increased to l4.l8oC from 11.91'C under fluctuating flows. However, under the
steady flow regime diel mean temperatures in one backwater (RK 94.6L) reached 17.31 -
l8'07oC, nearing the preferred temperature range for native fishes, and maximum temperahrres
reached 22.88 '23-77"C, well within the preferred range for native fish. Also, temperature in
most backwaters showed indications of increasing w'ith each day of steady flows. Therefore, it
appears that under a regime of steady flows, temperature in some backwaters may approach,
attain, or even exceed the prefened temperature of native fishes. This is most likely to occur
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during warmer months, in sballow areas of baclcwaters, and in warmer arcas (lowerrcaches) of
the Colorado River, Crrand Canyon.

The amotmt of warming in the bachnraters monitored in this study varied and was likely
influenced by the location (accessibility to direct solar radiation), size of mouth, eddy flow
pattems at the mouth, and surface area and volume of the backwater. The backwater at RK
94.6L warmed more than other backwaters under both fluctuating and steady flow regimes,
probably because of its long, shallow (-20 cm) foot that is exposed to solar warming for a large
part of each day. Also, the length of this backwater probably protected it from the influence of
mainchannel water under steady flows. Ma:rimum temperature at this site was 17.56oC under
fluctuating flows and reachedz3.77"C under steady flows on 31 May 1994. The maximum
temperature recorded in any other backwater was 13.79oC under fluctuating flows arrd 17.27"C
under steady flows, both at RK 97.8L where the shallow (-25 cm) mouth may have reduced the
intrusion of mainchannel water.

The backwaters at RK 102.5R and RK 95.gLwarmed the least under the steady flow
regime. RK 102.5R had a wide, deep mouth that would permit a large arnount of mixing with
the mainchannel. The backwater at RK 95.9L was small, partially under a low undercut bank
and its exposed mouth allowed intrusion of mainchannel water from regular surges in the river
and waves caused by passing motorboats.

. Through warming of the water, steady discharges will also affect other water quality
properties of that site, such as dissolved oxygen (Do) and pH. At one site, RK 97.8L, the
instrument deployed also measured dissolved oxygen and pH. In this backwater, DO and pH
aiso varied with regular diel fluctuations under both flow regimes, asi seen with temperature
(Figure A.2). Daily mean, minimum and/or maximum levels of these palameters changed rrnder

the steady flow regime due to increased photosynthetic/respiratory activity by algae and
macrophytes (Wetzel, 1983). Under steady flows, daily maximum DO did not significantly vary
(P=0,9216) between flow regimes. Dissolved oxygen was highest during the late aftemoon
when Or, produced by algal and macrophytic photosynthesis, was greatest. Daily mean and mean
minimum DO significantly decreased (P<0.0015) under steady flows as biological oxygen
demand during the night used O, which was not replenished by the nightly influx of new water
that occurs under fluctuating flows. The DO levels recorded in these backwaters were never at
levels that would affect fish growth or habitat preference (Boyd, 1979; Piper et a1.,19S2).

pH did not vary between flow regimes (P>0.0093, a=0.0063). pH was also highest
during the late aftemoon due to the use of CO2 by algal and macrophytic photosynthesis. It is
unlikely that pH is limiting fish in this system, since fish generally do well in waters with a pH of
6.5 - 9.0 (Boyd, 1979; Piper et al.,1982).

Therefore, it appears that fluctuations in river discharge also moderated the diel changes
in DO and pH in this backwater caused by daily cycles of photosynthesis and respiration.
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However, as with the changes in temperatre, the limits of these changes under an g;dendd
period of steady flow caonot be predicted from the present data.

These data show that baclc\^taters and the mainchannel (to a lesser extent) will warm
r:nder a steady flow regime and several ecological changes may be expected to be caused by this
warming. These ecological changes may be positive and/or negative for native fish populations
and may include changes in: algal, invertebrate, and fish communities, and the possibility of an

increase in the distribution and prevalence of diseases and parasites.

Algal and invertebrate communities in backwaters may change trnder steady flow
conditions and these community changes may be beneficial or detrimental to native fishes. It is
likely that steady flows will cause an increase in backwater invertebrate populations in response

to warmer temperatues and a lack of flushing. We have already seen increases in aquatic
invertebrates under the current interim flow regime .rs compared to a peaking power flow regime
(AGFD, 1996). This would further improve backwaters as feeding areas for juvenile fishes
Although it was not examined in this study, the short druation of these flows was probably rlot
long enough for significant changes to occur in populations of even those invertebrates with the
shortest life cycles. Leibfried and Blinn (1987) reported an increase in total benthic standing
crop (based on drift) in the mainchannel Colorado River under five months of steady flows as

compared to fluctuating flows. It may be that use of backwaters by fish will not increase with
increasing water temperature until invertebrate populations increase.

Warmer water and increased food abundance should cause an increase in fish grourth and

survival in all native fish. Clarkson and Lupher (1994) reared humpback chub larvae in l0oC,
l4oc, and 20oC water. They found that over 30 days length increased l0%o,37Yo, and 837o, in
the respective groups and that weight increased 28yo,l95Yo and 9510/o,,respectively. Similar, but
less dramatic, results are expected in situ.' There are, however, potential negative aspects to long periods of steady flows for native
fishes. Mainchannel temperatures will increase, particularly in lower reaches of the river, and
may become hospitable to exotic predators already found in Lakes Powell and Mead, reservoirs
immediately upstream and downsteam from Grand Canyon, and in low numbers in the Grand
Canyon(Maddux eta1.,1987;ValdezandRyel, 1995; AGFD, 1996). Thesepredatorsinclude
striped bass (Morone saxatilis), walleye (Stizostedion vitreum), smallmouth bass (Micropterus
dolomieu), and channel catfish (lctalurus punctatus). Exotic competitors may also become a
problem.'The fathead minnow (Pimephales promelas) is already colrunon, plains killifish
(Fundulus zebrinus) is bepoming increasingly common, and green suirfish (Lepomis cyanellus)
and red shiners (Cltprinella lutrensis) are already found in low numbers within the system. Also,
Blinn et al. (1989) found that epiphytic diatom communities from the Glen Canyon Dam
tailwaters changed from large, upright forms to smaller, closely adnate forms with an increase in
w-ater temperature from 12'C to 18"C, Adnate forms of diatoms may be more difficult for fish to
consume.
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- Baclrwater t€mperatur€s may rise too higb malcing thes€ arcas unsuitable forjwcnile
fishes, particularty in thc lower rcaches of the Crrand Canyon and/or duing the late afternoon.
Ma{mum baclwater temperatures recorded under the currcnt discharge regime of modified
fluctuations reached as high as26.6C in May (AGFD 1996). It is also possible that increased

algae, phytoplankton, and plant growth may make backwaters anoxic during darkness, further
reducing their suitability to fish.

Increased temperature may allow the invasion of new parasites and diseases.

Bothriocephalus acheilognathi,the Asian flrsh tapewonn, has already invaded the lower LCR
(Clarkson et al., in review; Brouder and Hoffnagle, in review). lncreased mainstem temperattues
may allow it to expand its distribution within the Grand Canyon. This cestode is a thermophilic
parasite of planktivorous cyprinid and cyprinodontid fishes. It requires copepods as an

intermediate host and has been known to cause high mortality rates in fish (Hoffrnan and

Schubert, 1984). Cold temperatures in the mainstem Colorado River presently appear to contain
the reproducing population of this parasite within the Little Colorado River drainage of the
Grand Canyon where it infects humpback chub, speckled dace, and fathead minnow (Clarkson er

al., in review). Granath and Esch (1983) reported that egg maturation and hatching, coracidium
motility, and growth and development of B. acheilognathi in mosquitofrsh(Gambusia affinis)
were maximized at temperatures of 25oC and 30oC, and depressed at 20oC. However, the
mosquitofish is a warmwater species and B, acheilognathi may survive better in cold water in a
host more tolerant of such conditions. Maximum mean water temperature in the LCR in 1993

was22.4"C, with a rnaximum recorded temperature of 26.1oC (Gorman, 1994). The ma:cimum
temperature recorded in this study was 23.77'C and maximum daily mean temperature was
18.07oC, very close to that able to support this parasite. Brouder and Hoffrragle (in review)
examined the distribution of B. acheilognathi inhumpback chub, speckled dace, fathead
minnow, and plains killifish throughout the Grand Canyon and found infected fish to be most
common in and near the LCR. However, an infected fish was found in the mainchannel
Colorado River as far as2l4 km downsteam and in the mouth of Kanab Creek (132 km
downstream), a likely tributary for establishment of this parasite. Currently, there is no
confirmation that this parasite has expanded its range in Grand Canyon and it is more likely that
infected fish found outside of the LCR were infected in that tributary and dispersed elsewhere.
However, increasing water temperatures to those preferred by humpback chub will likely
increase the infection rate by B. acheilognathi in all susceptible fish. That, coupled with the
continual displacement of fish downstream, will facilitate the invasion of B. acheilognathi into
tributaries other than the LCR and possibly the mainchannel. Increased infection of humpback
chub by B. acheilognathi could threaten this endangered fish.

Mainchannel turbidity and backwater dissolved oxygen levels will likely decrease under
steady flows. Sabo er al. (1991) found that high quality nursery ponds along the Mississippi
River contained higher turbidity, dissolved oxygen, and conductivity than low quality nursery
areas. Decreased turbidity may result in increased predation on larval and juvenile fish.
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Maincnannel turbidities ar€ probably already sufficiently low to afu the behavior of fish.
Valdez aud Ryel (1995) reported incrcased catches of sub-adult and adult humpback chubs in
hammel nets at night and during periods of high turbidity in the Colorado River. AGFD (1996)
also reported increased catches of humpback chub, flannelmouth sucker, speckled dace, and
fathead minnow under tnrbid conditions.

The time required to observe a response by fish to steady flows is expected to be longer
than the three days monitored in this study. This response will be measured by changes in
growth, sr.wival, recruitment, and reproduction in each species. Extended periods of steady flow
will be required for fish populations and growth rates to be altered. At a minimum, backwater
usage under steady flows by lawal and juvenile fish probably will not increase until food
(zooplankton and benthic invertebrates) availability increases. Increases in numbers of these
organisms will probably take at least a couple of weeks, depending on the amount of the increase
in backwater temperature and the life cycle of the invertebrate species of concern.

These results clearly show that water temperature will increase under a regime of steady
flows during periods of warm weather, but the duration of these steady flqws was insufficient to
determine the ultimate temperature of these backwaters. Additionally, evidence is provided that
dissolved oxygen was affected by this flow regime and that pH changes may also be expected
under longer-term steady flows. The effects of steady flows and changing river and backwater
conditions on plankton, aquatic invertebrates, and fishes were not tested but could be
considerable. Therefore, it is apparent that further study is needed to assess the potential changes
of long-term steady flows on larval and juvenile native fishes, their food sources, parasites, and
habitat before such changes are made. These studies, both laboratory and in situ, should provide
significant information on the utility of steady releases for management of native fish
populations in the Colorado River, Grand Canyon.
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Appcndir 14. Distribution tnd Prcvelence of thc Asien Firh Teperworm, Bothriocephalus
acheilogndhl, in thc Coloredo River and Tributaricc, Grend Cenyon, Arizona,
Including Tbo New Host Records

Mark J. Brouder and Timothy L. Hoffiragle
Research Branch

Arizona Game and Fish Department
2224 E. Cedar Ave.
Flagstaff, AZ 86004

Abstract

The Asian fish tapeworm, Bothrioc:ephalus acheilognathi,hasinvaded the lower Little
Colorado River (LCR), a tributary of the Colorado River, where it infects humpback chub (Gila
cypha), speckled dace (Rhinichthys osculus), and fathead minnow (Pimephales promelas). This
study examined the distribution of B. acheilognathi in the Colorado River and tributaries in'
Grand Canyon. In 1994,22.5% of humpback chub, 10.3% of plains killifish (Fundulus
zebrinus),3.8% of speckled dace, and 2.2Yo of fathead minnow were infected. In 1995, 2.4Yo of
fathead minnow and l.4o/o of speckled dace were infected. Humpback chub, an endangered

species, and plains killifish are new host records for this parasite. Nearly al| (66.7 - 100%)

infected fish were captured in areas near the LCR and were probably the result of infected fish
emigrating from that tributary. However, four infected fish (one plains killifish, one speckled
dace, and two fathead minnows) were caughtgz.8 - 202.L km downstream from the LCR.
Another speckled dace was caught in the lower section of Kanab Creek, a warm tributary,
indicating a potentiai expansion of the parasite's range. Infection of hurnpback chub by B.

acheilognarfti is of concern due to the endangered status of this fish. Because B. acheitognathi
requires high water temperattue for completion of its life cycle, this species is largely confined to
the LCR by the cold water of the mainstem Colorado River. The potential effects of plans to
seasonally warTn the colorado River oa B. acheilognathi are discussed.

The closure of Glen Canyon Dam in 1963 turned the Colorado River in Grand Canyon
from a seasonally wann and muddy river into a typically clear and constantly cold one due to
hypolimnetic discharge from Lake Powell. The drastic changes in the riverine environment,
panicularly water temperature and turbidity; caused by the closure of Glen Canyon Dam, have
had a severe negative impact on the native fishes in Grand Canyon (Minckley 1991). Of the
original eight endemic fishes in Grand Canyon, reproducing populations of only four remain, one
of which is endangered. Lost to this reach of the Colorado River are the Colorado squawfish
(Ptychocheilus lucius), bonytail chub (Gila elegans),and roundtail chub (G. robusta), and the
razorback sucker (Xyrauchen texanus) is extremelv rare and probably not reproducing.
Remaining are humpback chub (G. cypha; federally endangered), flannelmouth sucker
(Catostomus latipinnis; category II), bluehead sucker (Catostomus discobolus), and speckled
dace (Rhinichthys osculus). Reproduction of these fishes is now largely restricted to a few
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percnnial tributaries (AGFD 1996), however, baclcwaters ofthe mainstem Colorado River are
importantrcaring areas for larval and juvenile native and exotic fishes (Holden 1978; Valdezand
Clemmer 1982; Carter et al. 1985; AGFD 1996).

Recently, a management proposal (Bureau of Reclamation 1995) suggested the
installation of a multi-level intake structure (MLIS) in Glen Canyon Dam to increzue

downstream water temperatures seasonally and improve conditions for native fish. Changing
from hypolimnetic releases to epilimnetic releases in the spring may provide suffrcient
temperature elevation for increased mainstem reproduction and survival and growh of native
young-of-the-year (YOY) fishes. However, an important consideration of warming the river is
the potential for an increase in the incidence of fish parasites and diseases.

The Asian fish tapeworn, Bothriocephalus acheilognaf&i, a pseudophyllidean cestode,
was originally described from Acheilognathus rhombea inJapan(Yamaguti 1934). It has spread
to Europe, Russia, and North America with introductions of grass carp (Ctenopharyngodon

idella) in the early 1970's (Hoffman and Shubert 1984). Bothriocephalus acheilognalfti is now
well established in golden shiner (Notemigonus crysoleucas), red shiner (Cyprinetla lutrensis),
fathead minnow (Pimephales promelas), grass carp, and mosquitofish(Gambusia ffinis) in the
mid-south and southeastern United States (Hoffrnan and Schubert 1984; Riggs and Esch 1987).
More recently, Heckmann et al. (1987) found B. acheilognathi inspeckled dace (Rhinichthys

osculus), red shiner, and the endangered woundfin (Plagopterus argentissimus),Virgin River
chub (G. robusta seminuda), and Virgin spinedace (Lepidomeda mollispinis) from the Virgin
River, Utah, Nevada, and Arizona. Heckmann et al. (1993) found B. acheilognarfti elsewhere in
Nevada: in red shiner in the Muddy fuver, roundtail chub from the Moapa Power Plant cooling
pond, and golden shiner from bait shops around Las Vegas. Font and Tate (1994) have also
reported B. acheilognathi fromnative Hawaiian freshwater fishes.

Cyclopoid copepods are the intermediate hosts of B. acheilognathi (Marcogliese and Esch
1989a) and the definitive hosts are a broad range of fishes, panicularly cyprinids (Hoffrnan and
Schubert 1984). Temperatures in excess of 20'C are required for maturation of this cestode
(Granath and Esch 1983a). Cr.urently, B. acheilognathi appears to be confined to the LCR,
probably by cold mainstem water temperahres which do not reach 20'C (Stanford and Ward
l99l). Temperatures in many of the other tributaries throughout Grand Canyon are to be similar
to those in the LCR (AGFD 1996) and thus should be capable of colonization by B.
acheilognatfri. This study examined the present distribution and prevalence of B. acheilognathi
in native and exotic fishes. of the Colorado fuver, Grand Canyon, and its tributaries.

Methods
Native and exotic fishes were collected in 1994 and 1995. In 1994, as part of a diet study

of small (<150 mm) fish,'we aftempted to collect five fish from each of two size classes, <30 mm
and >30 mm total length, from each of the eight mainstem Colorado River reaches (Figure A.3.)
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diring each of three river trips. These sp€cies included: humpback chub, speckled dace,

flannelmouth stcker, bluchead sucker, rainbow tout (Orcorlrynchus nrykiss),fathead minnow,
and plains killifish (Fundulus zebrinus'1. In 1995, we further examined the dishibution of this
parasite by attempting to collect five speckled dace and five fathead minnows from each of the
eight reaches and seven tributaries on each of three river trips. We were not permitted to collect
humpback chub in 1995 due to its endangered status. Fishes were collected using seines, hoop
nets, dip nets, minnow traps, and electrofishing. Total length (TL; mm) and weight (g) of fish
and date and location of capture (tributary or river kilometer (RK) downstream from Lee's Ferrl')
were recorded. Fish were then preserved in either 70Yo ethanol or l}Yo formalin, as field
examination was not practical. In the laboratory, fish were examined to determine the presence

or absence of Asian fish tapeworms in each fish. A representative specimen of B. acheilognathi
has been deposited in the U. S. National Parasite Collection, Beltsville, MD (USPNC Coll. No.
868 I 8).

Results

A total of 1,902 fish representing seven species in four families were examined for
Bothriocephalus acheilognarii in this study. These fish included all four remaining native
species and three common exotic species. Species sampled included: humpback chub, speckled
dace, and fathead minnow (Cyprinidae); plains killifish (Cyprinodontidae); bluehead and

fl annelmouth suckers (catostomidae); and rainbow trout (salmonidae).

In 1994, 1,669 fish were sampled from the mainstem Colorado River. Twenty-seven of
120 (22.5%) humpback chub (12-110 mm TL; x=36.2 mm), seven of 185 (3.S%) speckled dace
(12-132 mm TL; x:35.7 mm), five of 234 (2.2%) fathead minnows (12-ig mm TL; t=35.1
mm), and three of 29 (10.3%) plains killifish (21-57 mm TL; x=35.1 mm) were infected with.B.
acheilognarfti (Tables A. 1 , A.2, and A.3). None of 329 flannelmouth suckers ( I 5-9S mm TL;
*=34.2 mm), 562 bluehead suckers (12-106 mm TL; 7=29.0), or 2lA rainbow trolt(22-416 mm
TL; *:267.4 mm) were infected.

In 1995, 148 speckled dace and 85 fathead minnows were ex^mined from the Colorado
River and seven tributaries in Grand Canyon. Two of 85 (2.,4%) fathead minnows and2of 148
(l.4%) speckled dace were infected with B. acheilognathi.

In both 1994 and 1995, the majority of the fish infected with B. acheilognathiwerc
captured in the reach directly above (Reach 2) and tr,vo reaches directly below (Reaches 3 and 4)
the confluence of the Little Colorado and Colorado Rivers. Of the infected fish, all of the2:l
humpback chub, seven of nine (77.8%) speckied dace, five of seven (71.4%) fathead minnow,
and two of three (66.7%) plains killifish were captured in this area. Of greater interest are the
tish captured outside of this area. One infected fathead minnow was captured at RK 265.2 and
another at RK 301.1. One infected plains killifish was captured at RK 191.8. An infected
speckled dace was captured in Kanab Creek (RK 230.9) and another in a backwater at RK 266.6.
No infected fish were captured in Nankorveap, Shinumo, Royal Arch, Stone, or Havasu Creeks.
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Lake Powell

Colorado River,
Grand Canyon, AZ ,-,

Glen Canyon Dam

Lee's Ferry
RKOKanab

Creek
RK 230.9

Shinumo
Creek Reach 1

RK 174.8

Stone
Creek
RK 212.1

Reach 7
Reach 2

Reac

Lake Mead
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Havasu
Creek
RK 252.6

Reach 8 Re
4

Diamond
Creek
RK 363.1

Figure A.3. Boundaries (arrows) of eight designated fish sampling reaches and location of
sampled tributaries of the Colorado River, Grand Canyon, Arizona. River Kilometer (RK) is
distance downstream from Lee's Ferry. Colorado River reach boundaries are asi follows: Reach
I - Lee's Ferry (RK 0) to Shinumo Wash (RK 47.i7); Reach 2 - Shinumo Wash to Little
Colorado River (RK 99.0); Reach 3 - LCR to Lava Chuar Rapid (RK 105.44); Reach 4 -Lava
Chuar Rapid to Hance R3nid (RK 123.47); Reach 5 - Hance Rapid to Elve's Chasm (Royal Arch
Creek, RK 187'54); Reach 6 - Elve's Chasm to Forster Rapid (RK 197.68); Reach 7 - Forster
Rapid to Hell's Hollow (RK 293.78); Reach 8 - Hell's Hollow to Diamond creek (RK 363.16).
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Table A.l. Prevalence af Bothriocephalus acheilognatfti in humpback chub and plains killifish
collected from the Colorado River and nibutaries, Grand Canyon, Aizona" 1994. Dashes
indicate that no collections were attempted at that location.

Humpback Chub Plains Killifish

I
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I
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Reach/Tributary N

Number Percent

Infected Infected N

Number

Infected

Percent

Infected

1

2

Nankoweap Creek

Little Colorado River

3

4

5

Shinumo Creek

Royal Arch Creek

6

7

Stone Creek

Kanab Creek

Havasu Creek

8

Total

39
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0

16

10

0

0

0
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0.0
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41.0
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0.0
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0.0

0.0
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9

T2

1

5

1

_g

29

0

0
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Table A.2. Prevalencc of Botlvioceplwlus acheilognathi in speckled dace collected from the
Colorado River and tributaries, Grand Canyon, Arizona, 1994 and 1995. Dashes indicate that no

collections were attempted at that location.

r994 1 995

Reach/Tributary

Number Percent

Infbcted Infected

Number Percent

Infected InfectedNI

t
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I
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I
I
I
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I

2

Nankoweap Creek

Little Colorado River

-.1

J

4

5

Shinumo Creek

Royal Arch Creek

6

7

Stone Creek

Kanab Creek

Havasu Creek

8

Total

0

0

7

18

0,0

0.0

12.5

23.5

0.0

0.0

3.1

0.0

3.8

0

3

6

11

l3

15

1

25

7

5

T4

3

4

24

t7

148

0

0

0

1

0

0

0

0

0

0

0

0

I

0

q

2

0.0

0.0

0.0

9.1

0.0

0,0

0.0

0,0

0.0

0.0

0.0

0.0

25,0

0.0

0.0

1.4

2

4

0
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0

1

0

7
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Table A.3. Prevalenee of Botbtocephalus acheilognathi in fathead minnow collected from the
Colorado River and tibutaries, Grand Canyon, Arizon4 1994.and 1995. Dashes indicate that no
collections were attempted at that location.

r994 1 995

Reach/Tributary N
Number

Infected

Percent

Infected

Number

Infected

Percent

InfectedN

1

2

Nankoweap Creek

Little Colorado River

3

4

5

Shinumo Creek

Royal Arch Creek

6

7

Stone Creek

Kanab Creek

Havasu Creek

8

Total

0

0

0
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0.0

0.0

0.0

8.3

0.0

0.0

2.1

0

3

0

8

16
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0

0

0
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0

7

0

-5.
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0.0
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0.0

0.0

0.0

6.3

0.0
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Discussion

Bothrioceplwhu acheilognathi was found in forn of seven species of fish examined from
the Colorado River, Grand Canyon: three cyprinids (humpback chub, speckled dace, and fathead
minnow) and one cyprinodontid (plains killifish). The Colorado and lower Little Colorado
Rivers are new localities for this parasite, which likely invaded via infected nonnative fish
species or copepods from the upper LCR. Although B. acheilognathihas not been documented

in the upper LCR, common carp, fathead minnow, and plains killifish are all potential hosts of
this parasite and are common upstrearn, in the perennial headwaters of the LCR in the White
Mountains area of eastern Arizona. Although the middle portion of the LCR is ephemeral (from
Lyman Lake to 21 km above the confluence with the Colorado River) infected fish or copepods

may easily have been flushed downstream into the lower LCR during floods. Although
Heckmann et al. (1987) found B. acheilognathi inspeckled dace at Beaver Dam Wash, Virgin
River, AZ,it is highly unlikely that any of these fish moved down to Lake Mead, then upstieam
over 400 km and through many large rapids to the LCR. The paucity of infected fish in the lower
part of the canyon and the absence of infected fish from the upper canyon, above the LCR, casts

doubt on invasion of this area via migration up or down the Colorado River.
This is the first report in the refereed literature of B. acheilognathi in the endangered

humpback chub. Bothriocephalus acheilognathihas been reported in humpback chub and

speckled dace in the LCR in 1990 in an Arizona Game and Fish Department agency report
(Clarkson and Robinson 1993). This cestode was first discovered in the Grand Canyon in May
1990 in humpback chub from the LCR (C.O. Minckley, U.S. Fish and Wildlife Service, personal

communication). Kaeding and ZimmerTnann (1983) examined 26 humpback chub for
pathogens from the LCR and Colorado River from 1979-1981. They reported 13 bacteria, 6
protozoans, one fungus, and the parasitic copepod Lernaea cyprinacea, but not B. acheilognathi.
Heckmann et al. (1987) and Heckmann et al. (1993) reported B. acheilognathi inthe closely
related roundtail chub. Infection of humpback chub by B. acheilognathi is expected since
copepods were found in7.2%o of the humpback chub stomachs collected in 1994 (AGFD 1996).

The occurrence.of B. acheilognathi in l0.3Yo of the plains killifish exarnined is also the
first report of this species as a host for this parasite. However, mosquitofish, another
cyprinodontid, is also susceptible to this parasite (Granath and Esch 1983b; Riggs and Esch
i987; Marcogliese and Esch 19S9). None of the 29 plains killifish examined from 1994
contained copepods in their stomachs (AGFD 1996), Plains killifish is a surface feeder and is
omnivorous with insects and aquatic invertebrates being dominant food items (Shute and Allen
1980), but they may also consume benthic material (Simon 1946). Although copepods do not
appear to be a dominant food item for plains killifish, infection with B. acheilognarfti indicates
that copepods are occasionally ingested.

Neither flannelmouth sucker, bluehead sucker, nor rainbow trout contained.B.
acheilognathi. Copepods were ingested by both species of suckers, more so by flannelmouth
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suckers (AGFD 1996). Presumably, all species that ingested copepods were exposed to this
parasite since they were collected from the same sites as infected species. Therefore, since both
sucker species contained copepods in their stomachs, it appears that they are not susceptible to
infection by the Asian fish tapeworm. This result supports Heckmann et al. (1987) who found no
B. acheilognathi in the three flannelmouth suckers they examined. No copepods were fognd in
rainbow trout stomachs. Although most of the trout were caught upstream from the LCR, to our
knowledge, B. acheilognathi has never been reported in salmonids.

Bothriocephalus acheilognathi was found in fishes collected throughout the entire
mainstem Colorado River and two tributaries from RK 97 .9 to RK 301.1. However, the majority
of the fish that were infected by B. acheilognathi werc captured in reaches directly above and
below the confluence of the Little Colorado and Colorado Rivers (Reaches 2,3, and.4) and were
probably the result of fish emigrating from the LCR. The fish caught upstream from the LCR
were captured in a backwater only 1.1 km from the mouth of the LCR anddid not need to
negotiate any rapids to get there. Therefore, it appears that B. acheilognarhi is currently only
able to complete its life cycle within the LCR.

Five infected fish were captured outside of the LCR and nearby reaches, at least 92.8 km
and as far as 202.1kmdownstream from the LCR. Of particular concern is the speckled dace
captured in Kanab Creek. Water temperatures of Kanab Creek axe wann enough to allow f.or
reproduction by B. acheilognathi, with mean temperatures exceeding 20oC from May through
August and reaching as high as 34oC (Otis 1994; AGFD 1996). Whether this occurrence of an
infected speckled dace is indicative of a separate, reproducing population of B. acheilognathi or
simply an infected fish that had emigrated downstream from the LCR is not clear. This fish was
caught in the lower section (<500 m from the mouth) of Kanab Creek, so either alternative is
possible' In any event, since speckled dace and fathead minnow are resident and humpback chub
are occasionally found in Kanab Creek (AGFD 1996), the potential certainly exists for this
parasite to become established in this tributary. Therefore, although the cold water temperahge
of the mainstem Colorado River seems to be limiting it, distribution of this parasite, there is an
indication that it may have colonized Kan4b Creek. Further examination of the potential
colonization of Kanab'Creek by B. acheilognathi is wananted and planned.

Three of the four components for successful invasion by B. acheilognathi are present in
the mainstem of the Colorado River, Grand Canyon. First, definitive hosts (native and exotic
cyprinid fishes) are present throughout the river. Secondly, the intermediate host, cyclopoid
copepods, are abundant in the mainstem of the Colorado River (AGFD 1996) and are ingested by
native and exotic fishes. Thirdly, B. acheilognathi is present in the lower reaches of the LCR
(Clarkson and Robinson 1993). The fourth and apparently limiting factor is water temperature.
Although the temperature in the mainstem of the Colorado River is currently too cold for the
parasite to disperse throughout the entire Grand Canyon, the proposed MLIS could increase the
r'vater temperature in the mainstem by 3 - lOoC (Bureau of Reclamation 1995). This could cause
water in the mainstem to reach the minimum temperature required for B. acheilognathi to
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complete its life cycle. Even if mainchannel temperatures do not reach z}"C,bachrater
temperaturcs will certafuly exceed 20oC and may permit B. acheilognathi to complete its life
cycle in these habitats or improve the chances of its colonizing other tributaries.

The major factor affecting egg maturation, coracidium motility, growth, development of
adult worms, and ultimately the size and composition of B. acheilognathi populations is water
temperature. Granath and Esch (1983a) found that growth and development of this parasite was

stimulated by temperatures above 25oC and that temperatures of 25 - 30oC maximized egg
maturation, hatching, and coracidium motility. At temperatures outside that range these

activities were depressed. Temperatures exceeding 35oC caused a decrease in recruitment of this
parasite in mosquitofish (Granath and Esch 1983b). Water temperature in the LCR is suitable for
B. acheilognathi, exceeding 20oC from May through September in 1993 and reaching as high as

26.1'C (Gorman 1994). Conversely, temperatures in the mainchannel Colorado River are

unsuitable for this parasite, reaching only 18.4oC from l99l-1994 (AGFD 1996). Maximum
backwater temperatures reached 28.0oC in shallow areas, suitable for B. acheilognathi to
complete its life cycle. However, the water level in the Colorado River, Grand Canyon,
fluctuates daily with the demand for electric power. This dynamic nature causes inundation and

desiccation of back'ivaters, prevents these temperatures from being stable, and flushes
zooplanktcin from the backwaters. Mean backwater temperatures never exceeded 20oC during
four years of study (AGFD 1996). However, construction of an MLIS or implementation of '

steady flow's, another suggested mitigation measure (U.S. Fish and Wildlife Service 1994), will
likely cause mean backwater temperatures to increase above 20oC and may regularly approach
25oC, aiding the completion of the life cycle of B. acheilognathi. Copepods inhabit backwaters
which are important rearing areas for larval and juvenile native and exotic fishes (AGFD 1996).

These fish are planktivorous and regularly ingest copepods (AGFD 1996). Therefore, warming
of the river may permit B. acheilognathi to expand its range beyond the LCR.

The infection rates for speckled dace (1.4 - 3.S%) and fathead minnow (2.2 - 2.4o/d in this
study were relatively low. Only l.4o/o of the speckled dace and none of the fathead mirmows
sampled from 1994 contained copepods in their stomachs (AGFD 1996). The fact that fathead
minnows were infected with B. acheilognathi indicates that copepods are ingested. Clarkson and
Robinson (1993) also found low prevalence (0.4%) in speckled dace from the LCR captured in
1991 buthigherprevalence (17.0%)in1992. Heckmannetal.(1987)found 17%of 107
speckled dace were infected from Beaver Dam Wash, Virgin River, AZ. Riggs and Esch (1987)
found prevalence of B. acheilognathi in fathead minnows in Belews Lake, NC, to range from
approximately l5 - 95oA, depending on season and site. The low prevalence of B. acheilognathi
in speckled dace and fathead minnorv in our study may be due to the dynamic nature of the LCR.
The base discharge of the LCR, approximately 5.6 mr/s. comes from a series of springs
approximately 21 km lrom the mouth (lvtinckley 1991). Horvever, flooding is common in spring
(rain and snow melt) and in late summer (monsoonal rains) and can exceed 850 m3/s.
Differences in the frequency and severity of these t'loods may have dramatic effects on copepod
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populations, which would then affect B. acheilogmthi populatiotxt, 3!t noted by Marcogliese and
Esch (1989b). Therc lowprevalences of B. acheilognathi in speckled dace and fathead minnow
also reflect our inclusion of samples from areas where the parasite was not found.

The infection of humpback chub by B. acheilognathi (rates as high as 4lYo in Reach 3

and'an overall infection rate of 22.5%in 1994) is of concern, considering the endangered status

of this fish. Clarkson and Robinson (1993) reported infection rates in juvenile humpback chub in
theLCRashigh as78.9Yoin 1990 and77.8%inlgg2andaslowas 12.4%in 1991 and0%in
1989 (1989 may have bee pre-invasion). Valdez and Rye[ (1995) reported finding B.

acheilognathi in3.6% of 168 adult (>250 mm) humpback chub. However, the prevalence of .8.

acheilognarfti in these fish may have actually been higher since their data were from stomach
contents obtained by flushing the gastrointestinal (GI) tract and may not have dislodged parasites

from all infected fish. High intensity infections can lead to mortality by blockage of the GI tract,
intestinal perforation and/or destruction of the intestinal mucosa, killing the fish (Hoffinan 1980;

Schiiperclaus 1986). The humpback chub in and around the Little Colorado River comprise the
largest remaining population of this species (Maddux et al. 1993). Douglas and Marsh (1996)
used various models to estimate population size of humpback chub (> 150 mm TL) in Grand
Canyon which ranged from 4,508 to 10,444 fish. This small population size, high infection rates,

and potential for mortality do not bode well for this endangered fish.

The proposed MLIS may increase water temperatures of the mainstem Colorado River
3- 10."C (Bureau of Reclamation 1995). This increase in mainstem water temperature may be

high enough to allow B. acheilognathi to become established in other tributaries and possibly the
mainstem of the Colorado fuver in Grand Canyon. This is a more likely scenario in streams
further downstream from Glen Canyon Dam where the water is warmer. Increasing mainstem
water temperature may initially increase growth and survival of YOY native fishes. However, it
may also prove to be detrimental to these fish in the long run due to an increase in the prevalence
of B. acheilognathi and/or other parasites and diseases.
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