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Abstract—The Colorado River ecosystem in Grand Canyon is strongly impacted by operation of Glen Canyon
Dam. Fluctuating releases of cold, hypolimnetic water from Lake Powell (~8°C) for peak hydroelectric power
generation has had a profound impact on the formerly warm, silty Colorado River. Clear, cold stenothermal
conditions preclude successful reproduction and recruitment of most native fishes in the mainstem and intro-
duced trout have become dominant species in the fish community. To assess the effects of dam operations on
the native fish assemblage, the distribution and abundance of native and non-native fishes of the Colorado
River ecosystem in Grand Canyon were assessed in the first year of a two-year research and monitoring pro-
gram funded by the Grand Canyon Monitoring and Research Center. Study sites were located along 159 miles
of the Colorado River from the Paria River to below Havasu Creek. An intensive area of study was estab-
lished from just above the confluence of the Little Colorado River (LCR) at river mile (rm) 60 to Tanner Rapid

at rm 68.6 (LCR inflow reach). Additional sampling was conducted in major tributaries (LCR, Bright Angel,
Shinumo, Kanab, Havasu). Mini-hoopnets, minnow traps, electrofishing, trammel nets, and seines were used
to sample fish during 120 days of fieldwork spread over four seasons between March 1998 and February 1999.
Some 4,618 fish were captured in the Colorado River mainstem and tributaries. Non-native species dominat-
ed the catch in the mainstem Colorado River (1,515/2,565, 59%) and rainbo®ricottychus mykiss was

the most common non-native species (n=955, 37%). Of 1,050 native fish captured in the mainstem, speckled
daceRnhinichthys osculus (n=463, 18%) and humpback ch@ila cypha (n=395, 15%) were the most abun-

dant. The use of mini-hoopnets to sample fish in mainstem habitats revealed a relative abundance of hump-
back chub in the 100-200 mm TL size class, a population feature not observed in previous studies. In the
smaller tributaries (Bright Angel, Shinumo, Kanab, Havasu), native species dominated the catch (739/847,
87%). Speckled dace (n=370, 44%) and humpback chub (n=133, 16%) were the most abundant native fish-
es. The LCR assemblage was dominated by native species (963/1206, 80%) with humpback chub (n=515,
43%) and speckled dace (n=308, 19%) dominating. The pattern of appearance, distribution, and abundance
of young-of-year (YOY) humpback chub in the mainstem Colorado River observed in our study was consis-
tent with a “source-sink” model of downstream dispersal from the LCR coupled with high mortality from pre-
dation in the mainstem Colorado River. The abundance of adult rainbow trout in the LCR inflow reach of the
Colorado River coupled with their complementary distribution with juvenile humpback chub in January 1999
strongly suggests that predation by rainbow trout may have been responsible for the near disappearance of
YQOY humpback chub between late summer and early winter. Mortality rates for small fish are likely exacer-
bated by fluctuating flows, which disrupt habitat associations and increase the probability of downstream
movement and dispersal. Fluctuating flows also reduce the suitability of river edge habitats and food
resources needed for rearing small fish. The rarity of small humpback chub downstream of the LCR inflow
coupled with high abundance of trout and cold fluctuating flows suggest that conditions for recruitment of
YOY humpback chub in the Colorado River in Grand Canyon are extremely poor. In order to provide oppor-
tunities for increased survivorship of small humpback chub in Grand Canyon, resource managers should con-
sider ways to stabilize flows and increase temperature in the mainstem Colorado River. Implementation of
more natural flow and temperature conditions will increase the stability of shoreline habitat and cover, and
likely result in increased food resources and growth rates in small fishes, and decrease mortality associated
with picivory.
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Introduction Arizona, Navajo Nation Natural Heritage Program,

Since completion of Glen Canyon Dam in 1963 ifdualapai Tribe, Willow Beach National Fish Hatchery,
operation has strongly impacted the Colorado RivBPd Pinetop Fish Health Center. Other USFWS offices
ecosystem in Grand Canyon. Fluctuating releases V@funteered personnel for field and laboratory work,
cold, hypolimnetic water from Lake Powell (€3 for including Mora National Fish Hatchery and Tech Center,
peak hydroelectric power generation has had a profouffizona Fishery Resources Office-Pinetop, Arizona
impact on the formerly seasonally warm and Sil’t—glshery Resources Office-Parker, and Nevada Ecological
Colorado River. Clear, cold stenothermal conditions pre€vices Office.  Our project represents a model for
clude successful reproduction of warmwater native fisifiter-agency cooperation in the quest to address complex
es in the mainstem, fluctuating flows disrupt and degraB@tural resource problems. ,
aquatic habitat, and introduced rainbow trout has become Neéw sampling methods were applied to near-shore
the dominant species in the fish community. In 1998, tR@bitat in the Colorado River mainstem that we devel-
principal author (OTG) was awarded a contract by tipped for our tributary studies in the early 1990s included
Grand Canyon Monitoring and Research Cent8pini-hoopnet and point-centered habitat measurements
(GCMRC) to conduct a 2-yr, comprehensive monitoring>Crman 1994). Although we present only the results of
and research program on native fishes of Grand Cany8aSessing fish communities in the Grand Canyon ecosys-
The primary objective of the work was to investigatm in this paper, our program supported a number of
linkage of dam-controlled flow regimes to the ecology &ther tightly linked novel research components: Habitat
native fishes in Grand Canyon. This overarchin@ssessmem was designed to provide greater understand-
question includes many ecological factors that nelt Of the impacts of fluctuating flows on habitat quality
consideration: reproductive success, larval transpdifld habitat-fish associations. Our fish and habitat
recruitment, food resources and diet; predator-prey ax@i"Pling was linked to food base studies conducted by
competitive interactions between native and non-nati?¢@n Blinn, Allen Haden, and Joseph Shannon of
species; diseases, parasites and condition factor; a/ifrthern Arizona University. Their studies were intend-
able habitats and habitat use in shoreline areas; tem{S&-10 provide a better understanding of diet and food
ature, physiology, and growth. Additional ecologicdSources for native fish in Grand Canyon. Integration of
factors that should be considered include: Ontogeneiﬁéormation from these related studies is critical to link-
changes, temporal activity patterns, movement, spavfi¢ Past tributary and mainstem studies to the present
ing, population age structure, and distribution (mainsteffogram and will permit synthesis of more accurate and
vs. tributaries). The second objective was to monitor t&t@iled native and non-native fish life histories. Fish
status and trends of native fish populations in Grah§a!th monitoring was included as a component of our
Canyon. Continued monitoring is necessary to assess {8 Sampling to develop a better understanding the
current status of native fishes, especially the endangef@tgtionship between fish diseases and environmental

humpback chulila cypha—particularly in the context conditions in Grand Canyon. Experimental studies of
of changing dam operations and flow regime. growth in native fishes were conducted at the Willow

The purpose for conducting this comprehensi\}%eaCh National Fish Hatchery to address the thermal
monitoring and research program was to provide critidg@duirements for growth and survivorship of the
information to the Grand Canyon Adaptive Managemefffdangered humpback chub. Swimming performance
Program for development of conceptual ecosystem mciddies were conducted at the University of Arizona by
els, designing future experimental flows, and identifying@vid Ward to determine ranges of temperature and flow
information needs for future studies and monitorin%{.e!oF'W where juvenile flannelmouth suck@atostomus
Furthermore, our work will provide information forl@ipinnis and other native fishes are not displaced.
developing management plans and actions aimed "fermation from these experimental studies is needed to
removing jeopardy to the endangered humpback chigigntify target mainstem conditions for modification of

and improving the status of other native fishes in Graf@m operations (flow regime and thermal warming).
Canyon. At the time of the USFWS symposium on native

A team of investigators representing tribal, statfShes of the Southwest in July 1999, we had completed

federal and university agencies conducted our monitGProximately half of the field component of our
ing and research program collaboratively. The Grafgnitoring and research program. This paper serves to
Canyon Fishery Resources Office developed cooperatf/#line the major objectives of the 2-year program and
agreements with Arizona Game and Fish Departmé?{PV'des interim results after completion of the first field
(AGFD), Northern Arizona University, University of S€ason.
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Methods N

Monitoring and research was conducted within
Grand Canyon and the Little Colorado River (LCR)
(Figure 1, Table 1). Our monitoring and research pro- J‘?
gram focused on a set of mainstem sample areas that Z
included a major tributary and associated river reach =
because almost all native fish in Grand Canyon are
dependent on these streams for reproduction and early
life history stages. Major tributaries included were the
LCR, Bright Angel, Shinumo, Kanab, and Havasu. In
particular, we focused on the LCR and its mainstem

. . . < ic bs
Colorado River inflow reach (rm 60-68.6) because this i Ficure 1.—Map of Grand Canyon showing locations of sample

where the largest population of the endangered hunjreas ajong the Colorado and Little Colorado rivers. Mainstem sample
back chub is found and successfully reproducireaches: 1. Fence Fault, rm 30.5; 2. LCR Inflow, rm 60.0-68.6; 3.
(Kaeding and Zimmerman 1983; Gorman 1994; Vald¢Bright Angel Creek, rm 87.5; 4. Shinumo Creek, rm 108.5; 5. Middle
and Ryel 1995; Gorman and Stone 1999). Other magiae boe 1) 12120 S ook 1 10 e
stem reaches where aggregations of humpbaCk ChUD,km O-é; B. Salt Canyon Reacf?, km 10-13. During mainstem sempling’
known to occur, e.g., Fence Fault and Middle Graniyi,s sampling was conducted at sites located in the lower 1 km of the
Gorge, were included in the monitoring program. LCR and smaller tributaries (Bright Angel, Shinumo, Kanab, and
Our sampling was designed to detect reproductiHavasu).
success, survivorship of young-of-year (YOY), and staesponsible for the 1990-1994 Grand Canyon monitoring
tus of adult populations. Non-native fishes were algpogram funded by the Bureau of Reclamation’s Glen
included in our monitoring as these species representedemyon Environmental Studies Program. Our sampling
significant component of the fish community. For commethods included the traditional boat-mounted elec-
sistency with past studies, we attempted to sample theshocker, trammel nets, minnow traps, and seines to
same areas along the mainstem Colorado River and tdmple fish in mainstem near-shore habitats (shorelines,
lowed the methods of Valdez and Ryel (1995), who wegeldy complexes, backwaters). In addition, we used

Lake Powell

enlarged area

ARIZONA

Kilometers o,
&
o 10 20 Ver

Table 1.—Location of sampling areas along the Colorado River and Little Colorado River (LCR) in Grand Canyon. Locatingvates b
miles (rm) in Grand Canyon is the usual convention in Grand Canyon and represents miles downstream from Lees Ferry; ddmatedhes
mouth of the Paria River. Sites in the LCR are located by distance in kilometers (km) upstream from the mouth. MainagiomRB@bsam-
ple reaches are indicated by numbers. The LCR Inflow Reach is subdivided into 6 sample areas (2a-2f). Five mainsteatlsesniplelude
sampling sites in the lower 1 km of the adjacent tributary (LCR, Bright Angel, Shinumo, Kanab, Havasu), which were sampletctioe
with mainstem sampling trips. LCR sample reaches are indicated by letters (A, B) and were sampled separately from maiirsgetmipsam
Figure 1 is a map showing the location of the sampling areas.

Mainstem Colorado River river mile (rm)
1 Fence Fault (mainstem reach) 30.5

2. Colorado River —Little Colorado River (LCR) Inflow Reach 60.0-68.6
2a. Above the confluence of the Little Colorado River (mainstem area) 60.0-61.5
2h. Little Colorado River Confluence (tributary mouth area) 61.5

2c. Crash Canyon (mainstem area) 61.6-62.8
2d. Hopi-Salt (mainstem area) 62.9-64.0
2e. Carbon-Lava-Chuar (mainstem area) 64.1-65.5
2f. Tanner (mainstem area) 66.8-68.6
3. Bright Angel (mainstem reach and tributary area) 86.0-88.0
4. Shinumo (mainstem reach and tributary area) 107.0-108.7
5. Middle Granite Gorge (mainstem reach) 125.0-128.0
6. Kanab Creek (mainstem reach and tributary area) 143.0-143.5
7. Havasu Creek (mainstem reach and tributary area) 156.0-159.0
Little Colorado River (LCR) km

A. Confluence Reach 0-3

B. Salt Canyon Reach 10-13
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specially designed mini-hoopnets (0.5 m diameter x 1200 mm TL and the majority of individuals were > 300
m length, 6 mm mesh) developed in the early 1996sn TL. Thus, most trout captured were large adults. Of
(Gorman 1994) to sample fish along mainstem shorelib@50 native fish captured in the mainstem, speckled dace
habitats and tributary confluences. Standard Gee’s mRhinichthys osculus (n=463, 18%) and humpback chub
now traps (0.5 m long, 0.25 m diameter) and seines (2n#395, 15%) were the most abundant. In the smaller
m long, 1.3 m deep) had 6 mm mesh. Trammel nets waibutaries (Bright Angel, Shinumo, Kanab, Havasu)
15.2 or 22.9 m long, 1.8 m deep with 2.5 or 3.8 cm inneative species dominated the catch (739/847, 87%).
mesh and 30.5 cm outer mesh. Electrofishing w&peckled dace (n=370, 44%) and humpback chub (n=133,
conducted from the same 16’ inflatable, motorizeti6%) were the most abundant native fishes. The LCR
Achilles electroshocker boat as was used by Valdez aagbemblage was also dominated by native species
Ryel (1995) and equipped with the same 5,000 wdf63/1,206, 80%) with humpback chub (n=515, 43%) and
generator powering a Mark 20 Coffelt CPS electrofisispeckled dace (n=308, 19%) predominating.
ing unit. Mini-hoopnets, minnow traps, and seines were
used to sample fish in tributaries and tributary mouths.
To maintain consistency of sampling effort, outittle Colorado River-Spring Monitoring
electrofishing sampling areas followed Valdez and Ryel Monitoring of native fishes was conducted in the

(1995) and were delineated by g_eomorphic Shore”ﬂﬁmer 3 km Confluence Reach of the Little Colorado
types, €.9., vegetated bank, debps fan, bedroc_k, _eﬁ?\‘/er (LCR) during a 40-day period (27 March-6 May
Electrofishing was conducted during darkness Wlthmdébgs) and represented a continuation of the Arizona

hours following sunset, or in some cases during the Yme and FEish Department's (AGFD) LCR Spring

when floodwaters caused high turbidity. Tra}mmel ne onitoring Program that was started in the 1980s fol-
were tied from shore and set to sample mainstem e

ing completion of Kaeding and Zimmerman'’s (1983)

complexesf,. gagkfw aters aqd retlurn Ch;mnelz. Tramm@%earch program. Capture of fishes was accomplished
nets were fished for approximately two hours duration l%ing three different standardized gear types: large hoop-
each location. Mini-hoopnet and minnow trap samplirg, mini-hoopnets and minnow traps. Sixteen large
was patterned after methodologies developed in previ p;nets (1.0 m diameter, 2.0 length, 6 mm mesh), two

étud|es n (tjhg LCnggg outI:jneSd n Glgrgrgan |_$1994 ini-hoopnets and two groups of five minnow traps were
orman and Stone ( ), and Stone ( )- OWeVEEtributed among historical monitoring sites located

in the present study, mini-hoopnets and minnow tragﬁng stream margins in the lower 1.2 km of the Little

were not set along cross-channel transects as in GorrE‘fi}rl'orado River and were checked twice daily (Robinson

(1.994)’ but were set in pairs (one_mini—hoopnet and Oaﬁd Clarkson 1992; Robinson et al. 1996; Brouder and
; ) . ) q—\soffnagle 1998a, b). Additional hoopnets and minnow
along established mainstem shoreline or tributary Ioc[zfléps were set at established USFWS sampling sites

tions and were emptied at 24 h intervals for up to t"‘éﬁong stream margins between km 1.2 and km 3.0
days. Mini-hoopnets and minnow traps were set as close Over the 40-day sampling period 762 fish were cap-

as possible to the stream margin where depth Was.aﬁjﬁéd and native fish predominated with 592 (78%) of the
quate; 15-50 cm for minnow traps and >50 cm for min

. individuals (Table 2). The most abundant species were
hoopnets. Se_mes were used to sample baCkwaterShLS)rl}]pback chub (n=287, 38%), speckled dace (n=172,
shallow shoreline areas. 23%) and fathead minnoRimephales promelas (n=111,
Results 15%). Most fish captured were adults and no YOY fish
were captured. The usual pattern of late February-early
Rril spring flooding was prolonged through early May
cause of unusually wet late winter and spring weather.
s a result, the usual March-April spawning run of
rt]méjmpback chub (Gorman and Stone 1999) was probably

and September 1998 and January 1999) and 3 sampﬁﬁ yed unt.iI mid-May after the end of our sampling
periods/trips in the LCR (March-May, July OctobeP® iod. During our sampling, catches of adult humpback
1998) ' ' chub were not as high as in previous years (Brouder and

Non-native species dominated the catch in the ma@_offpagle 1998a,b), e.m.d there was a low frequency of
stem Colorado River (1,515/2,565 fish, 59%). Rainbo _h n spawmng_ condition. o

trout Oncorhychus mykiss was the most common non-Little Colorado River-Summer and Fall Monitoring.

native species (n=955, 37%). More than 90% of all rain- Monitoring of native fishes was conducted in the 10-

bow trout and brown troualmo trutta captured were 13 km Salt Cayon Reach during 22-31 July and 20-24

Little Colorado River

Approximately 120 days of fieldwork were conduct
ed between March 1998 and February 1999 during thé
4,618 fish were captured in the Colorado River mainst
and tributaries (Tables 2-5, 8-9; Appendix I, II)
Fieldwork was conducted during 3 mainstem trips (Ju

81



TasLE 2.—Fish captured by gear type in the Little Colorado River Confluence Reach (km 0-3), 27 March-6 May 1998.

Specie&
Geartype BBH BHS CCF CCP FHM FMS HBC PKF RBT RSH SPD  Total
Mini-hoopnet 1 68 17 4 109 22 268 2 8 18 167 684
Minnow trap 0 1 0 0 2 1 14 0 0 2 5 25
Trammel 0 1 0 2 0 40 5 0 5 0 0 53
Total 1 70 17 6 111 63 287 2 13 20 172 762

8BBH = black bullhead; BHS = bluehead sucker; CCF = channel catfish ; CCP = common carp; FHM = fathead minnow; FMS = flannemouth
sucker; GRS = green sunfish ; HBC = humpback chub; RBT = rainbow trout; RSH = red shiner; SPD = speckled dace.

October 1998 to assess reproductive success of humpbéokl humpback chub captured during the post-flood
chub and other native fishes. Sampling was accomplistsmining were transported by helicopter to the Willow
with one mini-hoopnet and onemiow trap set in pairs atBeach National Fish Hatchery to establish a captive
established sampling e& spaced at 20 m intervaldroodstock. The presence of non-native fathead minnows
between km 10.5 and km 11.9. Mini-hoopnets and miand red shiner€yprinella lutrensis was noteworthy; dur-
now traps were emptied at 24 h intervals over a 48irfy intensive sampling by OTG in the LCR from 1991-
sample period. On day four of our July trip, a largE995, fathead minnows were very rare and red shiners
(~100 cm rise in stage) silt-laden flood swept through tinere absent (Gorman 1994). In 1998, adult fathead min-
study reach and continued for 24 hours before recedingws, some probably over two years old (> 65 mm TL)
The flooding truncated our 10-day sampling effort to dnd red shiners, some probably more than one year old (>
days. As a result, a second sampling trip was conducé&dmm TL) were common. However, YOY of fathead
in October, when the probability of flooding wasminnow, red shiner or other non-native fishes were not
reduced. observed. Also missing from seine catches were YOY
Prior to the flood that occurred during the Julgommon carpCyprinus carpio, although age 1+ and 2+
sampling trip, 46 mini-hoopnet and 34 minnow trap sefish were present. This pattern of YOY abundance sug-
captured 230 fish. Native fishes dominated the catch agebts that native species had a more successful reproduc-
humpback chub was the most abundant species, #md effort in 1998 than non-native species, and that differ-
represented 73% of the total (Table 3). However, only itig patterns of reproductive success between native and
of 167 humpback chub captured in mini-hoopnets andn-native cyprinids may be linked to natural variation in
minnow traps were YOY fish. Qualitative sampling oflooding patterns (Minckley and Deacon 1991).
quiet shallow edge habitats with 1/8” and 3/16” mesh During the October sampling trip, 41 mini-hoopnet
seines following the flooding yielded many small fishesnd 27 minnow trap sets over a 4-day period yielded 199
especially YOY humpback chub, bluehead suckefish. As in the July samples, native fish, especially
Catostomus discobolus, and speckled dace and indicatedpeckled dace and humpback chub, dominated the catch
that native fishes had successfully reproduced. Howev@iable 4). Of the 56 humpback chub captured, 19 (34%)
their small size (35-50 mm TL) suggested that spawnimgere YOY; this represents a significant increase in the
took place late in spring, most likely after our LCR springroportion of YOY compared to the July sampling. We
monitoring in mid- to late-May, when discharge levelattributed the increase to the larger size of YOY in
returned to base flow levels. Approximately 400 of th@ctober, which increased their vulnerability to capture in

TaBLE 3.—Fish captured by gear type in the Little Colorado River Salt Canyon Reach (km 10-13), 22-31 July 1998.

Specie&
Gear typ@ BHS CCF CCP FHM FMS HBC PKF SPD YBH Total
Mini-hoopnet 5 5 24 5 1 164 2 10 3 219
Minnow trap 0 0 0 1 0 3 5 2 0 11
Total 5 5 24 6 1 167 7 12 3 230

8BHS = bluehead sucker; CCF = channel catfish; CCP = common carp; FHM = fathead minnow; FMS = flannelmouth sucker; HBC = hump-
back chub; PKF = plains killifish; SPD = speckled dace; YBH = yellow bullhead.

badditional species captured during post flood seine sampling but not enumerated included: red shiner, yellow bullheadinatiead
bluehead sucker, plains killifish, common carp, speckled dace.
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TaBLE 4.—Fish captured by gear type in the Little Colorado River Salt Canyon Reach (km 10-13), 20-24 October 1998.

Specieé
Gear CCP FHM FMS HBC SPD RSH YBH Total
Mini-hoopnet 2 8 1 51 94 4 1 161
Minnow trap 0 4 0 5 29 0 0 38
Totals 2 12 1 56 123 4 1 199

8CCP = common carp; FHM = fathead minnow; FMS = flannelmouth su@stomus latipinnis; HBC = humpback chulSila cypha;
SPD = speckled dace; RSH = red shiner; YBH = yellow bulllfeagiurus natalis.

mini-hoopnets. The YOY humpback chub representes
distinct size cohort (60-85 mm TL) for the LCR popule
tion (Figure 2).

Summary of 1998 sampling for the Little Colorado River

Over the three sampling periods in the Little Coloracx
River in 1998, 1,206 fish were captured (Table 5). /8 41
observed in previous studies, e.g., Gorman (1994), na §
species fish dominated the fish community. Spawning%
humpback chub appeared to occur later than usual du
prolonged spring flooding. Native fish comprised 80% €

8

chub captured
(]

963/1,206 of fish captured and humpback chub was = 0l § : §
most abundant species with 43% or 515/1,206 fish c: 2 8 s 8 8 s 2 5 § § &8
tured. Fathead minnow and red shiner were commor = O
our samples, but were rare or absent in intensive samp ST 8 & 8 B § § 8§ £ 8
conductedby OTG in 1991-1994 (Gorman 1994). Total length (mm)

Mainstem Colorado River and Tributaries FicURE 2.—Length-frequency histogram of humpback chub captured

o in the Little Colorado River Salt Canyon Reach (km 10-13), 20-24 October
June, September, and January Monitoring and Research  199s.

Fish populations were monitored with electrofishingz gt (rm 30.5) and the LCR Inflow Reach was extended
trammel nets, mini-hoopnets, minnow traps, and seinifginciude the Tanner Rapids sample area (rm 66.8-68.6).
at seven mainstem Colorado River reaches and at fUBring the Trip 3, sampling was reduced to 5 areas and
tributary sites (Figure 1, Table 1) during 3 mainstefcused on the LCR Inflow Reach (rm 60-68.6). In
sampling trips: June 1998 (Trip 1), August-Septembggdition to the primary mainstem sample areas, backwa-
1998 (Trip 2), and January 1999 (Trip 3). During Trip Zers were seined at locations along the mainstem from the
additional mainstem sampling was conducted at Fengginity of the Little Colorado River downstream to rm

TaBLE 5.—Summary of catch, Little Colorado River, 1998. March-May sampling was conducted in the Confluence Reach and July and

October sampling was conducted in the Salt Canyon Reach.

Specied
Sampling BBH BHS CCF CCP FHM FMS HBC PKF RBT RSH SPD YBH Total
period
March-May 1 70 17 6 111 63 287 2 13 20 172 0 762
Julyb 0 5 5 24 6 1 167 7 0 0 12 3 230
October 0 0 0 3 16 1 61 0 0 8 124 1 214
Total 1 75 22 33 133 65 515 9 13 28 308 4 1206

8BBH = black bullhead; BHS = bluehead sucker; CCF = channel catfish; CCP = common carp; FHM = fathead minnow; FMS = flannel-
mouth suckerHBC = humpback chub; PKF = plains killifish; RBT = rainbow trout; RSH = red shiner; SPD = speckled dace; YBH = yellow bull-
head.

badditional species captured during seining that were not counted: red shiner, yellow bullhead, fathead minnow, bluehe¢daissi&er,
lifish, common carp, speckled dace.
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TasLE 6.—Sampling effort, Colorado River in Grand Canyon, 1998. Sampling periods: Trip 1 (June 1998); Trip 2 (August-September 1998
Trip 3 (January-February 1999). Study area length refers to areas were mini-hoopnets and minnow traps were deploystedtstsiatiine
locations spaced at 20-m intervals.

Sampling Study area Electrofish Trammel net Minnow trap  Mini-hoopnet Seine
period length (m) (min) (sets) (sets) (sets) (areas)
Trip 1 3040 417 41 133 125 6

Trip 2 2880 330 61 202 157 40

Trip 3 2420 244 23 198 198 4
Totals 8340 991 125 533 480 50

192, particularly during Trip 2. Mainstem mini-hoophet/minnow trap sample areas was 2,420 m for mainstem
net/minnow trap sampling areas were established in tieaches and 320 m for tributary reaches. Electrofishing
LCR Inflow, Bright Angel, Middle Granite Gorge, andincluded 23 runs, totaling 244 min of effort. Trapping
Havasu reaches. Within each sample area (300-60Gand netting effort comprised 23 trammel net, 243 mini-
long), fish sampling sites were established at 20 m intéleopnet, and 237 minnow trap sets and 4 seine hauls.
vgls._ The LCR Inflow Reach included 6 sample aregg e Sage Fluctuations

distributed from above the mouth of the LCR (rm 60) to - .
Tanner Rapids (rm 68.6) (Table 1). As was done in the Starting in April 1998, the operators of Gleq Canyon
Salt Canyon Reach of the LCR, one mini-hoopnet apdam began to rellease the largest gllowable daily flow for
one minnow trap were set in pairs at established figﬁak hydroelectric power generation (5,000 cfs above a

sampling sites spaced at 20 m intervals along riafriodic mean base flow). During Trips 1 and 2, daily
margins. Mini-hoopnets and minnow traps were empti ge fluctuations ranging from 0.5-1.0 m were measured
of fish at 24 h intervals over a 48 h sample perioat mainstem Colorado River sites. This diel stage fluctu-

Within tributaries, mini-hoopnets and minnow trap’gltlon appeared to lower the utility of backwaters and

were set at regular intervals from the mouth to as far\éesgetated shorelines as fish habitat and macroinverte-

1 km upstream from the confluence, depending acc%{{gte prodluctloln Zreas:[ Dl:jrlng ddally.:oz)vl flows, b?ckwa-
and suitable habitat. Data from sampling conducted i S Were largely dewatered and avallable cover for juve-

the LCR confluence during mainstem monitoring trip@'e fish was diminished along vegetated shorelines as

was treated separately from other LCR sampling prese pter levels dropped below the vegetation. During Trip

ed previously (LCR spring monitoring in the Confluenc (Iatf? s:mmer)dthe river stage wasdelevatre]:d ;ro'rln tfrlibu-
Reach and summer and fall sampling in the Salt Can;f@ﬁy 00ding and was Superimposed on the daily flow
uctuations. During this sampling period, the Colorado

Reach). . . : : -
} River was carrying a considerable silt load and turbidi-

Sampling Effort ties exceeding 5,000 NTUs were observed. During Trip

For Trip 1 (June), the summed length of mini3 (winter) the flow was relatively constant.
hoopnet/minnow trap sample areas was 3,040 m {§{<ripution and Abundance of Fish
mainstem reaches and 1,250 m for tributaries.

Electrofishing was conducted over 11 nights and onet.Durlng T.”p L (June),t784df!sgzcgff4 r;]atwe and ? nog— t
morning totaling 417 min of effort, trammel nets wergatlVe Species were captured, ISh were captured a

set/run on 9 nights and one daytime period. Trappi mst_crerglsness gnd I25t?1 fish \_Ne;e captl_Jrgd att trlt;utary
effort for mainstem and tributary sampling included 1 es (Tables 8, 9). In the mainstem, rainbow trout was

mini-hoopnet and 192 minnow trap sets (Tables 6 N dominant species followed by brown trout, hump-
For Trip 2 (September), the summed length of m’in_ack chub, fathead minnow, flannelmouth sucker, and

hoopnet/minnow trap sample areas was 2,880 m ﬁjqeckled dace. In the tributaries, speckled dace, flannel-

mainstem reaches and 1,150 m for tributary confluen'@eQUth sucker, humpback chub, rgd shiner, and bluehead
ucker were most abundant. Eighty-seven humpback

sites. Electrofishing included 34 runs totaling 330 mi b tured at 4 of 8 mainstem Colorado Ri
of effort and there were 61 trammel net sets. Trappiﬁ ub were captured at & of c mainstem L.olorado River
es and at 4 of 5 tributary sites (Appendix I, 11).

effort included 229 mini-hoopnet sets and 282 minnow n J ich f native fish ) t mainst
trap sets, and 96 seine samples were taken (Tables 6, .7 [N June, caiches of native Tish Species at mainstem

For Trip 3 (January), the summed length of mini-hooﬁlt s were lower than catches of non-native species at all

mainstem Colorado River sites. In all tributaries, catches
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TasLE 7.—Sampling effort in tributaries to the Colorado River in Grand Canyon (Bright Angel, Shinumo, Kanab, Havasu creeks) 1998.
Sampling periods: Trip 1 (June 1998); Trip 2 (August-September 1998); Trip 3 (January-February 1999). Study area letmytraatevere
mini-hoopnets and minnow traps were deployed at established shoreline locations spaced at 20-m intervals.

Sampling Study area Minnow trap Mini-hoopnet Seine
period length (m) (sets) (sets) (areas)
Trip 1 1250 79 54 6

Trip 2 1150 80 72 56
Trip 3 320 39 45 0
Totals 2720 198 171 62

of natives were greater than non-native species. At trilmaptured in mini-hoopnets (Figure 4), a gear not used by
tary sites, 82% of the fish captured were native speci®gsldez and Ryel (1995) and other researchers.
while at mainstem sites 22% of the fish captured wekéoreover, the length-frequency histograms for our cap-
native species. Rainbow trout were the most abundamtes from trammel nets and electrofishing (Figure 4)
non-native species captured, as well as the most abundegrte similar to those presented by Valdez and Ryel
fish species overall. Brown trout was the next mogt995). These results suggest that we sampled a portion
abundant non-native species. Catch of brown trout wafsthe humpback chub population that has not been well
highest in the mainstem Colorado River near Bright Angedpresented in previous investigations.
Creek and catch of rainbow trout was highest in mainstem During Trip 3 (January), 264 fish of 4 native and 7
Colorado Rver near Havasu Creek. non-native species were captured; 225 fish were captured
During Trip 2 (August-September), 2,364 fish of 4t mainstem sites and 39 fish were captured at tributary
native and 8 non-native species were captured; 1,812 fisies (Tables 8, 9). This catch represents a ~80% decline
were captured at mainstem sites and 552 fish wam@mpared to September. In the mainstem, adult rainbow
captured at tributary sites (Tables 8, 9). In the mainstetmgut was again the dominant species (62%) with hump-
rainbow trout was once again the dominant specieack chub a distant second (16%). At the tributary sites,
followed by speckled dace, humpback chub, and fatheaihbow trout and humpback chub were co-dominant
minnow. Among the tributary sites, speckled dac&8%). However, the relative abundance of native fish
humpback chub, bluehead sucker, and flannelmowthclined by 96% and non-native trout increased by 36%
sucker were most abundant. A total of 390 humpbaukthe tributaries. Many of the rainbow trout captured in
chub were captured at 8 of 10 mainstem Colorado Ritebutaries, such as Shinumo Creek, were large spawners
sites and at 4 of 5 tributary sites (Appendix I, II). ASRGB, pers. obs.). A total of 47 humpback chub were
observed during Trip 1, non-native fishes, especialbaptured at 6 of 9 mainstem Colorado River sites and 1
adult rainbow trout, dominated the mainstem fish corof 3 tributary sites (Appendix I, II). Native species com-
munity while native species predominated at tributaprised a larger proportion (56%) of the total fish sampled
sites. At tributary sites, 92% diie fish captured were at tributary sites whereas they comprised only 27% of
native species, while at mainstem sites 48% of the fiibh sampled at mainstem sites. The large reduction in
captured were native species. Increased fish captumative abundance of fish during Trip 3 was especially
during Trip 2 were caused by a higher abundance of snradtable for YOY native fishes (humpback chub, speckled
fish, specifically humpback chub, speckled dace, red shiaace, bluehead sucker) and for small non-native species
er, fathead minnow, and bluehead sucker. Of the nat{fathead minnow).
species (humpback chub, speckled dace, bluehead sucker)Relative to Trip 2 (August-September), catch of
most were small YOY fish that presumably were spawnédmpback chub in Trip 3 (winter) declined 85%, though
in tributaries and dispersed into mainstem habitats.  length frequency distributions were similar for the two
A substantial number of the humpback chub captur&tps (Figure 5). However, in contrast to the summer trip,
during Trip 2 were between 100 and 200 mm TL (Figunly one humpback chub <70mm TL was captured dur-
3). Length-frequency histograms presented by Valdewmy winter. Thus, the catch of humpback chub was
and Ryel (1995) indicated a relative absence of hummeduced relatively evenly across >70mm TL size classes,
back chub in this size range in the LCR inflow of thbut smaller 35-70 mm TL individuals were nearly absent.
Colorado River. In contrast, our results indicated th@ihese results are similar to those reported by Valdez and
humpback chub in this size class had a higher relatikgel (1995), who described an exponential decline of
abundance than reported by Valdez and Ryel (199Rjvenile (especially YOY) humpback chub densities
Further analysis indicated that most of these fish wdretween late summer and early winter.
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tured with all gear types in the Colorado River and confluence aree

the Little Colorado River during monitoring Trip 1 (June) and Trip Total length (mm)

(August- September), 1998. Figure 4.—Length frequency histograms of humpback chub cap-
tured with mini-hoopnets versus electrofishing and trammel netting in

During January sampling, we observed reciprocthe Colorado River and confluence area of the Little Colorado River
abundances of small humpback chub and adult rainbduring monitoring Trip 1 (June) and Trip 2 (August- September), 1998.

trout among study areas along the mainstem Coloraggh for humpback chub captured in the Salt Canyon
River. The highest catch of humpback chub <150 mfach in October (Figure 2), a progression of increasing
TL was recorded at the Tanner study area (within tR¢e of the 1998 YOY cohort in the LCR between
LCR Inflow Reach) which also had the lowest catch @eptember 1998 and January 1999 is evident. Modal
rainbow trout (Figure 5). In contrast, no humpba(;k F:hlélpze of YOY humpback chub captured in the LCR was
were caught at the Carbon Creek study area (within #6.60 mm TL in August and increased to 70-80 mm TL
LCR Inflow Reach), where the highest catch of rainboy october and remained at 70-80 mm TL in January
trout was observed. (Figures 2, 6, 7). Modal size of smallest cohort of hump-
Length-frequency distributions for humpback chufack chub captured in the mainstem LCR inflow reach
captured in the lower LCR parallel that for the mainstelas 50-60 mm TL in August and 80-100 in January
sites, particularly for August-September samples (Figui@gg. The mainstem population size distribution mirrors
7). When considered with the length-frequency distribyyat in the LCR except for the greatly reduced 70-80 mm
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Ficure 5.-Size distribution of humpback chub captured by electrofisher, mini-hoopnets, minnow traps, and trammel-nets at nine mainstem

sites in the Colorado River in Grand Canyon during sampling trips in August-September, 1998 and in January-February 1999.
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2000) and should have lead to an accumulation of small-
er fish in the LCR inflow reach. No accumulation of
smaller humpback chub was observed and the relative
abundance of YOY declined precipitously (Figure 6).
Moreover, YOY humpback chub were very rare in areas
below the LCR inflow (Valdez and Ryel 1995; this
study).

CPUE (fish/minute)
(=] (=] -
o = N o

o
o
\

Discussion

Weather conditions in Grand Canyon during 1998

= i i) - i B =B were chareterized by prolonged winter and spring flood-
LR Gah  HopiSat CabondC  Tamer MGG Haea ing in the tributaries and a strong monsoonal summer rain-
Site fall season. Reproduction of humpback chub in the LCR

Ficure 6.—Comparison of humpback chub (HBC) and rainbow tro/as delayed until mid- to late May by flooding and low
(RBT) captures at Colorado River mainstem sites in Grand CanydMater temperatures; by late July, YOY humpback chub
January 1999.  Results shown are for electroshock sampling awgre 35-50 mm TL. In contrast, YOY humpback chub

expressed as fish captured/min. Location and river miles for mainstgixt were spawned in April 1993 were typically 15 mm

sites shown are as follows: LCR (near LCR confluence, 59.7-61.3), Cr.
(near Crash Canyon, 61.4-63.2), Hopi-Salt (Hopi-Salt study area, Bﬁ?ge.r by Iat?l ‘]U|yb(|Godrmlanﬂl 991:')' AL G.len Canyon D? m,
63.8), Carbon-LC (Carbon Creek-Lava Chuar study area, 63.9—64.'3},3‘X'mum allowable daily flow fluctuations (5'000 c S)

Tanner (Tanner study area, 67.1-68.5), MGG (Middle Granite Gorgg@mmenced in April 1998 and resulted in substantial 0.5-
125.0-129.0), Havasu (near Havasu Creek, 155.0-158.7). 1.0 m daily changes of river stage at sampling sites.
During July, August and September, episodes of tributary
ﬁ%oding caused extremely turbid mainstem conditions.
sugges_ts that .th(? presence of smaller humpbgck chu se summer flooding events probably facilitated down-
the mainstem is likely the product of summer dlspersaI& eam dispersal of YOY humpback chub (50-60 mm TL)
small humpback chub from the LCR into the mainstepfpom the LCR into the mainstem Colorado River. YOY
Colorado River, especially following summer monsoon- mpback chub were relatively abundant in tHe LCR
al fooding events as was observed frequently in 19 glow reach of the Colorado River (rm 61-68) in August-
and as was observed in previous investigations by Val tember 1998, but remained extremely rare in areas fur-
and Ryel (1995) and Robinson et al. (1998). Howev er downstrearr; By January 1999, the relative abun-
the chronically cold temperatures found in the mainstsg}‘ce of YOY hl.impback chub was ’greatly reduced in

should arrest growth (Luther and Clarkson 1994: . :
Clarkson and Childs 2000: Gorman and VanHoosene LCR inflow reach of the Colorado River. However,
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Figure 7.-Size distribution of humpback chub captured with hoop nets and minnow traps in the Little Colorado River in @oanduGan
ing sampling trips in August-September, 1998 and in January-February 1999.
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TaBLE 8.—Summary of fish captured in the mainstem Colorado River in Grand Canyon, 1998. Sampling periods: Trip 1 (June 1998); Trip 2
(August-September 1998); Trip 3 (January-February 1999).

Species*
Sampling
Period RBT BRT CCP HBC SPD RSH FHM FMS BHS CCF PKF GRS YBH Total
Tripl 304 62 13 57 25 3 30 29 4 0 0 1 0 528
Trip2 511 71 18 302 431 41 284 105 37 1 10 0 1 1812
Trip3 140 4 10 36 7 7 2 10 7 1 1 0 0 225
Totals 955 137 41 395 463 51 316 144 48 2 11 1 1 2565

* RBT = rainbow trout; BRT = brown trout; CCP = common carp; HBC = humpback chub; SPD = speckled dace; RSH = red shiner; FHM
= fathead minnow; FMS = flannelmouth sucker; BHS = bluehead sucker; CCF =; PKF =; GRS = green sunfish ; YBH = yellow bullhead.

TaBLE 9.—Summary of fish captured in tributaries (LCR Confluence and Bright Angel, Shinumo, Kanab and Havasu creeks) to the Colorado
River in Grand Canyon, 1998. Sampling periods: Trip 1 (June 1998); Trip 2 (August-September 1998); Trip 3 (January-Fe®yuary 19

Species*
Sampling
period RBT BRT CCP HBC SPD RSH FHM FMS BHS CCF PKF GRS Total
Trip 1 1 7 4 30 85 27 6 81 13 0 0 2 256
Trip 2 9 2 9 92 279 3 15 56 81 0 6 0 552
Trip 3 11 4 1 11 6 0 1 2 3 0 0 0 39
Totals 21 13 14 133 370 30 22 139 97 0 6 2 847

* RBT = rainbow trout; BRT = brown trout; CCP = common carp; HBC = humpback chub; SPD = speckled dace; RSH = red shiner; FHM
= fathead minnow; FMS = flannelmouth sucker; BHS = bluehead sucker; CCF =; PKF =; GRS = green sunfish.

YOY humpback chub were still relatively abundant iabitats in the mainstem Colorado River revealed an
the lower confluence reach of the LCR. abundance of juvenile humpback chub between 100-200
As shown in Valdez and Ryel's (1995, 1997) earlienm TL (Figure 4). With the exception of the near-
1990-1994 study, non-native species dominated thbsence of YOY in January samples, we found the size
mainstem Colorado River fish community in Grandistribution of humpback chub in our samples from the
Canyon. However, our observation of the predominantc€R Inflow Reach of the mainstem to mirror that found
of adult rainbow trout from Lees Ferry to Havasu Creéhk the LCR. This finding contrasts with Valdez and Ryel
(rm 0-159) appears to be a new development compa(@f95) where 100-200 mm TL juvenile humpback chub
to Valdez and Ryel's (1995) study in which rainbow trowvere much less abundant in their samples (see their
were relatively abundant only between Lees Ferry aRijures 6-1 and 6-3) and we have attributed this to their
through the LCR inflow reach (rm 0-68). In additionlack of use of mini-hoopnets. Valdez and Ryel’s finding
brown trout appear to have increased in abundance in fas often been used to support the hypothesis that there
middle portion of Grand Canyon (rm 86-126). Natives little or no recruitment of humpback chub in the
fish predominated in the tributaries as has been observeainstem Colorado River and that the gap in the size
in previous studies (Gorman 1994). As before, humgistribution is probably a result of low survivorship of
back chub was the dominant native species in the LG®Y humpback chub. Our observation of greatly
and LCR inflow reach (rm 61-68) of the Colorado Rivereduced abundance of YOY humpback chub between
Smaller aggregations of adults previously identified Hgte summer and early winter supports the low survivor-
Valdez and Ryel (1995) were found in the vicinity afhip hypothesis. The lack of persistence of smaller YOY
specific downstream tributaries (Bright Angel, Shinumdwumpback chub in the mainstem where growth is arrest-
Kanab, Havasu) and in some discrete river reachesd by cold, stenothermal conditions (Clarkson and
(Fence Fault and Middle Granite Gorge). However, wehilds 2000; Gorman and VanHoosen 2000) further
found larger numbers of adult humpback chub in tleipports the hypothesis of minimal survivorship of YOY
Shinumo and Havasu aggregations than was previoufigh. However, our finding that 100-200 mm TL hump-
observed. However, we did not find evidence that thelsack chub were relatively common in mainstem habitats
downstream aggregations had reproduced successfullyuring late summer sampling clouds the issue of their
Our use of mini-hoopnets to sample fish in shorelirmirvivorship to adulthood within mainstem habitats. Itis
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likely that these fish dispersed from the LCR as 100-2@8ub at downstream sites where suitable habitat exists,
mm size fish during late summer flooding events gmrticularly following pulses of emigration from the
suggested by Figure 3. However, Valdez and Ryel (199%R during summer months. However, we found little
1997) estimated an annual survivorship of 181® evidence of dispersal of YOY humpback chub to sites
1.1x107 for mainstem humpback chub <200 mm TLbelow the LCR Inflow. The final explanation proposed
suggesting that very few 100-200 mm TL fish are recruity Valdez and Ryel (1995) is that most YOY humpback
ed into the population of spawning adults. Furthehub are lost due to mortality, e.g., predation, thermal
sampling and mark/recapture studies in the LCR infloghock, diseases and parasites, starvation, etc. Mortality
reach of the Colorado River will be required to resolMieom thermal shock was unlikely as many YOY hump-
this issue. back chub survived the initial entry into the cold
The apparent lack of persistence of humpback ch@olorado River and were captured in the Inflow Reach.
<200 mm TL we observed in the mainstem Colorad®arasite loads were relatively low in the mainstem and
River is consistent with the pattern of recruitment aftarvation was unlikely as YOY chub captured in the
adult humpback chub observed in the LCR. Gorman aimflow Reach showed improved condition compared to
Stone (1999) found that as resident adult chub exceetlease from the LCR (Hoffnagle et al. 1998; Hoffnagle
250 mm TL, they began to adopt a life history pattern ahd Landye 1999). Only predation by abundant adult
fall-winter residency in the mainstem Colorado Riveminbow trout remains as a viable explanation for the
(LCR Inflow Reach) and migrated >10 km upstream int@pid disappearance of YOY humpback chub following
the LCR to spawn in the spring, often returning to their summertime dispersal from the LCR into the LCR
same site each year. Analysis of length-frequenéyflow Reach.
distributions and size-specific survivorship in the main- The pattern of appearance, distribution, and abun-
stem humpback chub population by Valdez and Rygance of YOY humpback chub in the mainstem Colorado
(1995) supports the apparent shift in residency as adiiser observed in our study is consistent with a “source-
approach 300 mm TL. Thus under present flow and tesink” model of downstream dispersal from the LCR
perature conditions in the mainstem Colorado Rivarpupled with high mortality from predation. The abun-
there is little evidence to support successful recruitmegdnce of rainbow trout in the LCR inflow reach coupled
of humpback chub < 200 mm TL that disperse from theith the observation of a strongly complementary distri-
LCR (Valdez and Ryel 1995; this study). bution with <200 mm TL humpback chub in January
A number of mechanisms may be responsible for tfieigure 5), suggests that predation by adult rainbow trout
disappearance of YOY humpback chub in the LCRay be responsible for the near disappearance of YOY
Inflow Reach of the Colorado River between latbumpback chub between late summer and early winter.
summer and early winter. First, physical conditions wehkdortality rates for small fish are likely exacerbated by
different between summer and winter; photoperiod wésactuating flows, which disrupt habitat associations,
shorter in winter and water temperatures wereQ-3resulting in increased movement and downstream disper-
lower in mainggm aeas and these conditions may haveal and subsequent loss from preatatiFluctiating flows
resulted in lower activity levels and catch rates of YO¥lso cause disruption of shoreline habitats and food
humpback chub. However, reductions in photoperiod aresources needed for rearing small fish. The rarity of
reduction in water temperature {€4down to 18C or small humpback chub downstream of the LCR inflow
lower) were also observed in the LCR with little change toupled with high abundance of adult rainbow and
catch rates between summer and winter. Turbidity mayown trout downstream to Havasu Creek suggests
have also played a role, however, turbidity was high @onditions for recruitment of YOY humpback chub in the
both the LCR and mainstem during summer sampli@plorado River in Grand Canyon are extremely poor.
whereas catch rates of humpback chub declined only in The Grand Canyon reach of the Colorado River
mainstem areas. A second explanation is that YOY hunigelow Glen Canyon Dam is typical of rivers impacted by
back chub used different habitats in summer and wintarpeaking hydropower dam (Holden 1979). Like other
However, we found that YOY humpback chub were cafish communities in river ecosystems in the Pacific
tured in the same mainstem habitats during summer aarthwest (Standford and Ward 1979), the Southeast
winter. Moreover, YOY humpback chub were caught éBain et al 1988; Kinsolving and Bain 1993; Scheidegger
nearly the same rates in similar habitats during sumnzard Bain 1995; Travnichek et al. 1995), Norway
and winter in the LCRA third explanation proposed by(Lillehammer and Saltveit 1979), Europe (Armitage
Valdez and Ryel (1995) is that downstream dispersd79; De Jalon et al. 1994), China (Zhong and Power
reduces the abundance of YOY humpback chub in th896), Africa (Davies 1979), and Australia (Walker
LCR Inflow Reach of the Colorado River. If so, wel979; Gehrke et al., 1995), the native fish community of
would expect to find aggregations of YOY humpbacthe Colorado River in Grand Canyon has been profound-
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ly altered by a mainstem hydropower dam. A comprespecially those that disperse from warmwater tributar-
hensive study by Bain et al. (1988) found that operatidgs, are potentially vulnerable to predation in mainstem
of a peaking hydropower dam on a medium-size river &moreline habitats by coldwater predators, i.e., intro-
the Southeastern USA resulted in highly variable flowduced trout.
which had a strong negative impact on shoreline and One of the objectives for improving the status of
shallow habitats. Fluctuating flows resulted in a greahdangered humpback chub in Grand Canyon is to devel-
reduction in the numbers of small fish species, juvenilesp additional reproducing populations. Establishing a
and larvae in the regulated river reach below the daeproducing mainstem population has often been proposed
(Bain et al. 1988; Kinsolving and Bain 1993as a possible solution (USFWS 1990, 1994; Gorman
Scheidegger and Bain 1995). Bain et al. (1988) fouid97). Presently, humpback chub cannot reproduce suc-
that in river reaches with normal flow regimes, sensitivassfully in the cold waters of the Colorado River in Grand
shoreline habitats contained the highest densities of fisanyon (Holden and Stalnnaker 1975; Minckley 1991) and
and most of the riverine species and provided importatrvivorship of YOY and juvenile fish is very poor
nursery habitat and refugia for small fishes. In rivdvaldez and Ryel 1995, 1997; this study). However,
reaches with fluctuating flows, small species and riverimdservations from the upper Colorado River basin where
specialists who were dependent on shoreline habitatarm water conditions coupled with an abundance of
were greatly reduced and habitat generalists and species-native species and declining populations of native
not dependent on shoreline habitats predominated (Bfighes suggest that returning the Grand Canyon section to
et al 1988; Kinsolving and Bain 1993). Bain and his cevarm water conditions might harm the status of hump-
workers found that fluctuating flows from hydropoweback chub. The chronic coldwater conditions found
dams were damaging to river ecosystems because thelow Glen Canyon Dam in Grand Canyon prevent an
had the strongest and most direct impact on shoreline axgansion of warmwater predators such as channel cat-
shallow habitats and altered the composition of riverifish Ictalurus punctatus and potential competitors such
fish communities by eliminating those species dependex# common carpCyprinus carpio and red shiner
on shoreline habitats for all or part of their life history. Cyprinella lutrensis. Moreover, channel catfish are rela-
In Grand Canyon the loss of native Colorado “bitively abundant in the LCR (Marsh and Douglas 1997)
river” fishes has been attributed to the impact of trend have been present in the lower Colorado River basin
operation of Glen Canyon Dam. Since completion of tlsence the 1890s (Miller and Alcorn 1943), yet humpback
dam in 1963, Colorado pike minnoWtychocheilus chub remain the dominant species in the LCR (Kaeding
lucius, bonytail chulGila elegans, and razorback suckerand Zimmerman 1983; Douglas and Marsh 1996;
Xyrauchen texanus have been extirpated from Grandsorman 1994; this study). Before the closure of Glen
Canyon (USBR 1995; Valdez and Carothers 1998}anyon Dam, channel catfish were very abundant in the
These species are dependent on natural river habitat arainstem Colorado River (Woodbury 1959) but their
flow regimes for completion of their life histories (Tyusbundance has declined precipitously since closure of the
1987, 1991; Tyus and Karp 1990; Minckley and Deacatam (Holden and Stalnaker 1975). Despite the relative
1991). The remaining native fishes in Grand Canyqraucity of warmwater predators and competitors in the
(speckled dace, humpback chub, bluehead sucker, flamainstem Colorado River, it is likely that the abundance
nelmouth sucker) have persisted because they are afohumpback chub have declined more since closure of
dependent on riverine habitat but are dependent e dam in 1963 than in the first half of the 20th century
warmwater tributaries for reproduction and rearing afhen subjected to predation by abundant channel catfish.
juvenile life history stages (Gorman 1994; Valdez arthus, restoration of reproducing native fish populations
Ryel 1995; Valdez and Carothers 1998). Like Bain et ah the Colorado River in Grand Canyon requires restora-
(1988), we found that small fish and juveniles that usen of warmwater conditions and more natural flow
shoreline habitats showed very low persistence undegimes, and although non-native warmwater fishes will
conditions of fluctuating flows in Grand Canyon. Unlikalso benefit, they are not likely to prevent an improve-
Bain et al. (1988), fluctuating flows in Grand Canyon ament in the present status of native fishes.
compounded by chronic, cold temperatures that are the Our study strongly implicates predation by abundant
result of hypolimnetic releases from Glen Canyon Darmainbow trout in Grand Canyon as the prime factor in the
In Grand Canyon, introduced trout species predominatss of YOY and juvenile native fishes and lack of
because they are tolerant of stage fluctuations that diseruitment in mainstem Colorado River habitats. Future
rupt shoreline habitat and can prey opportunistically atudies should address the hypothesis that predation by
small fishes along river margins that are displaced bginbow trout is the primary factor in the disappearance
fluctuating flows. As shown in this study, under condif small fish in mainstem habitats. Reduction of the
tions of chronically cold fluctuating flows, small fishesmagnitude of daily flow variation and maintaining mini-
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mum flows can reduce the negative impact of flow regu- 69(2):382-392.
lation on riverine fish communities (Travnichek et aBramblett, R.G. and O.T. Gorman. 1999. Monitoring and Studies
1995) Resource managers should consider ways to sta- of Native Fishes of the Colorado River Ecosystem in Grand
bilize daily flow fluctuations and increase temperature in  €anyon. Mainstem Colorado River and Tributaries,
the mainstem Colorado River in Grand Canyon in ways Monitoring and Research, 22 January-3 February, 1999.
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Appendix |.—Summary of catch: composition of mainstem fish communities of the Colorado River ecosystem of Grand Cany0®9.1998-19

Species*
Mainstem Site  Date BHS BRT CCF CCP FHM FMS GRS HBC PKF RBT RSH SPD YBH Total
LCR Inflow Jun-98 1 2 0 2 26 12 0 48 0 152 1 16 0 260

Bright Angel ~ Jun-98 1 39 2 2 15 3 62
Shinumo Jun-98 12 2 1 2 28 1 46
MGG Jun-98 6 1 9 26 1 43
Kanab Jun-98 3 1 4 11 19
Havasu Jun-98 2 3 6 8 1 72 6 98
subtotal Jun-99 4 62 0 13 30 29 1 57 0 304 3 25 0 528
Fence Fault Sep-98 3 4 31 38

LCR Inflow Sep-98 10 2 1 5 69 20 0 262 1 293 25 50 1 739
Bright Angel  Sep-98 1 47 6 2 50 2 4 112
Shinumo Sep-98 1 15 2 8 11 39 76
MGG Sep-98 9 1 4 5 22 3 28 4 71 147
Kanab Sep-98 2 5 6 10 1 8 1 33
Havasu Sep-98 1 4 2 54 18 2 39 1 76 197
rm 160-179 Sep-98 1 53 18 2 19 1 65 159
rm 180-199 Sep-98 15 3 92 21 2 2 4 8 164 311
subtotal Sep-98 37 71 1 18 284 105 O 302 10 511 41 431 1 1812
LCR Inflow Jan-99 4 3 1 1 2 6 0 33 1 111 7 6 0 175
Shimumo Jan-99 1 1
MGG Jan-99 3 3 13 19
Havasu Jan-99 1 9 4 15 1 30
Subtotal Jan-99 7 41 1 10 2 10 0 36 1 140 7 7 0 225
Total 48 137 2 41 316 144 1 395 11 955 51 463 1 2565

*BHS = bluehead sucker; BRT = brown trout; CCF = channel catfish; CCP = common carp; FHM = fathead minnow; FMS = flannelmouth
sucker; GRS = green sunfish; HBC = humpback chub; PKF = plains killifish; RBT = rainbow trout; RSH = red shiner; SPD =dage ckiRid=
yellow bullhead.
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Appendix Il.—Summary of catch: composition of tributary fish communities of the Colorado River ecosystem of Grand Canyi99998-

Species*

Trib. Sitel Date BHS BRT CCF CCP FHM FMS GRS HBC PKF RBT RSH SPD YBH total
LCR confl. Jun-98 4 1 11 19 27 13 75
Bright Angel  Jun-98 2 1 50 54
Shinumo Jun-98 5 2 1 4 19
Kanab Jun-98 5 10 2 1 8 26
Havasu Jun-98 5 58 9 10 82
subtotal Jun-98 13 7 0 4 6 81 2 30 1 27 8 0 256
LCR confl. Sep-98 3 1 51 6 2 4 67
Bright Angel  Sep-98 6 1 1 1 3 61 73
Shinumo Sep-98 6 1 4 22 3 1 54 94
Kanab Sep-98 38 6 7 12 1 87 151
Havasu Sep-98 31 39 18 2 73 167
subtotal Sep-98 81 2 0 9 15 56 0 92 9 3 279 0 552
LCR confl. Jan-99 1 1 11 5 18
Shinumo Jan-99 4 1 10 15
Havasu Jan-99 2 2 1 1 6
subtotal Jan-99 3 4 0 1 1 2 0 11 0 11 0 6 0 39
TOTAL 97 13 0 14 22 139 2 133 6 21 30 370 0 847

*BHS = bluehead sucker; BRT = brown trout; CCF = channel catfish; CCP = common carp; FHM = fathead minnow; FMS = flannelmouth

sucker; GRS = green sunfish; HBC = humpback chub; PKF = plains killifish; RBT = rainbow trout; RSH = red shiner; SPD =dguexRi&&H

= yellow bullhead.

1. CR confluence samples were taken in the lower 1 km of the LCR at the time of mainstem Colorado River sampling.
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