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Distribution and Relative Abundance of Fishes in Littoral Areas of
Chief Joseph Reservoir, Columbia River

Abstract
\\t sur!ered fish aslemblages in lilloral areas of ChiefJoseph Rcsenoir ofthc upper Colu bia River ro aid ir understanding this
ccosystem. Fish dislibutions and abundances $ere examined during Aprit Jul), 1999 in rclation to envitomlental conrlitio-ns in
the re\eNoir' \\t also comparcd lhe fish asscmblages in ChiclJoseph ltescr\oir in l999 to.r pasl srudy conducted during 197.1
1975. .rnd to assemblages in olher areas of thc Columbia Ri!er. Dufing 67 hr of electrofishing and 78 beach seine hauls ; Chief
Joseph Reservoir 7.160 fi shcs rcpresent ing 8 fal1ilies werecollecied. Themaio tv of the calch was nati\ c nofthern pikeminnow:
rcdside shiners: longnose, bridgctip, and largcscale suckerstand sculpins. Thc no\l abundanl introduced species was rvalele. and
onc species. rainbow trout. r'as mostly ofner pcn origin. Largcr sizes ofsuckcrs und norrhem pilcrninn"r ucre lr,st ebun,[nt in
thc upperresen'oir. likely due to upslream spawning migrarions. The lolver rc\crloir containcd grearer abundances of smaller
fishes. and this.rrea had lo\er flor\, smaller sub\iratcs. and Drore complex shorelincs drat offered rhese fishes rcfucia. Onlv aduh
\uckers dispialed signiicant differcnccs in abundancc related to substate. The rclatile abundJn((s ol.leLres rppr.rred ro hri c
changed sirce the 1970s. when the doninant fi\hes wci: norhern pikeninnow. pcamouth, targcscale suckers, aiLiwalleye. Fish
asiemblage differenccs bet\reen ChicfJoseph Rescrvoir and lowcr Columbia Ri!er reservoirs were also evidcnr clue ro t'hc iror,
phology ol the re'ier\' oir. il s rrore nonherly bcarion. and the lack of lish passage iacilities at Chicl Joseph Dam Ou I siud\ is one
ofthc iew descriptions offishes in lhe upper Columbia River.

Introduction

Lilt le is known about populations of wild fishes
in the upper Columbia River below Grand Cou-
lee Dam. ChiefJoseph Reservoir' (Figure l). The
on l l  p rer iou .  sur re l  o f  f i ' h , .s  in  rh i \  rc .e r !o i r
was conducted by Erickson et al. (1977) fiom May
197.1 through August l9?5. The most abundant
species they collected werc northem pikeminnow
(Pt)cho.heilu.t oregone ns is), largcscale suckcrs
(Catostomtts nncrctcheilusl. peamouth (M)/.)-
cheilus cauriwts), and walleye (Sander vitreus).
Although fish assemblagcs in the mid and lower
Columbia River have been described (Gray and
Dauble 1977, Poe et al. 1994. Bafoor et al. 2002).
conditions in these areas differ signiticantly from
Chief Joseph Reservoir The rnajority of the Co-
lumbia River has been changed by impoundment
into a series of lake likc reservoirs. Conversely,
much of the ChiefJoseph Reservoir has retained
more riverine characteristics becausc ofthe overall
s lcep  grad ien l  o f  th i '  rese I ro i r  i rnd  i t r  n r ro$
canyon morphology. Addirionally, unlike orher
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Columbia River impoundments, f ish passagc fr-
cilities were notconstructed at ChiefJoseph Dam,
and therefore tish assemblages in Chief joseph
Rr ' :eno i r  con ta in  on lS  res idenr  rpc i ies .

Significant environmental changes have also
occurred inChiefJoseph Resen'oir since the survcy
during the 1970s, which may have affected fish
assemblage structure. Chief Joseph Dam was
completcd in I 95 5, wh ic h changed the 8 3 km fiee
flowing reach into a river-run rescrvoir In 1977.
a modiflcation of the dam raised water levels in
the rescrvoir about 3 m (Erickson et a\. 191'll.
This decreased the riverine portion of the upper
rescrvoir, and increased down-river lentic habi-
tat. Additionally. flow pattems diftered between
the two pedods due to the consffuction during
1967- 1 98,1 of four dams on the Canadian portion
of the Columbia River (Center for Columbia River
Historl' 2002). These wcre designed to provide
water storage. thus allowing regulation of sea-
sonal flows to control flooding and meet hydro-
electdc demands. These Canadian dams resulted
in less seasonal variations in outtlow ftom Grand
Coulec Dam (Figure 2).

Our goal was to survey the fishes in ChicfJo-
seph Reservoir to aid in understanding the upper
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Columbia Riler ecosystem and as a first step in
evaluations of possible impacts of hydlopower
operations. First. we examined fish distribution
and abundance in thc littoral zones of Chief Jo-
seph Reservoil in 1999 in rclation to reseruoir
reach.  \ub : l r . r le .  nd  t ime pcr ioL l  t spr ing  re rsus
summer). Then we compared relativc abundances
of fishes in 1999 to the suNey by Erickson ct iil.
(1977) during 197,1-75 to determine if rhe spe-
cres structure has changed during this interval.
F inu l l ; .  we er l r r ined  ho$ f i sh  \pcc ie \  compos i -
tion in ChiefJoseph Reservoir differed from othcr
areas ol the Columbia River.

Methods

Habitat

To sample all habitat types in Chief Joseph Res-
ervoir and to associate fish species with shore-
linc substrates. we first mapped dominant shore
line substrates aloog the reservoir's periphery.
Substrates were assigned to one of five catego-
ries based on particle dianeter: sand (< 0.25 cm).
grave l  (0 .25  to  5 .J  cm) .  cobb le  (5 . l to25. ,1cr r ) ,
boulder (> 25.,1 cm). and bedrock (Cummings
1962). Transition points between substrate types
were identified by visual inspection and by drag-
ging the end of a hollow metal rod over the sub-
strate (Bnmbleu and White 2001). These transi-
tlon poinls were recorded as waypoints in a global
positioning systen (GPS) receiver and the resulting
shoreline segments were given unique identif i
cation numbenbased on shoreline (nofth or south),
reach, and substrate.

The resenoir was also divided into three reaches
of approximately equal length (Figure I ). Reach
I extended fiom the Grand Coulcc Darn tailrace
to rkm 93,1, Reach 2 extendcd trom rkm 934 to
rkm 907, and Reach 3 extcnded ftom rkm 907 to
the ChiefJoseph Dam fbrebay. Reach I was more
riverine and had the highest percentage of boul-
der substrate of all reaches (217r), the least sand
(,1 I %), and an intermediate iunount of cobble (28 c/. ;
Figure 1). Reach 2 was almost exclusively sand
(597o) and cobble (28%). The lowesr section of
ChicfJoseph Reservoir, Reach 3, was composed
primarily of sand (467o). gravel ( 147c), and cobble
(261r,).

Lastly, we divided our sampling eflbfis inro
two periods, April-May (spring) and June-July

(summer). to examine seasonal effects on spe-
c ie :  lbunJrnce. .  Metn  Ja i l )  t cmper i t tu re \  in
creased steadily frorr 5" to l0'C during the firsr
sanpling period. and increased frorn I 0' to l6'C
duringJune-July (U.S.Army Corps of Engincers
and Grant County PUD 2002).

Samp ng

We used a stratified random sampling design with
reach and shoreline substrate as strata. Sampling
was conducted on nine consecutive nights twice
each month from Apdl through July 1999. Sam-
pling began about one hour befbre sunset and
continued until approximately 0300 hours. Boat
electrofishing, the primary method of fish col
lection, was conducted during each night ofsam-
pling. Shoreline electrofishing sites were randomly
selected each month to sample 4-6 sites per sub-
state type in each rcach. Sampling was conducted
without replacament within each month, but all
sites became eligible for sampling at the start of
the next month.

An electrofishing boat delivered 2-3 A ofcur
rent to the watcr with 30 Hz pulsed DC ar,100-
.125 V, and a curent ficld widrh of about 5 m.
Shoreline segments were electrofished by start-
ing at the upstream end and proceeding down-
stream as near shorc as possible. Sites were 1o-
cated with a GPS on the night of sampling and
reflective marke$ were used to identily the up-
\tre n and Jo$ nstream brrund ries prirrr hr rrm
pling. The entirc length of shoreline segments <
1000 m were electrofished. Segments > J000 m
Jong were divided for subsampling. Segmerts
1000-1500 m long were divided in two, and seg-
ments 1500-2500 m long were divided into three
sections: we randomly chose and electrofished
one site tiom each of these. Segments >2500 m
were divided into 500m sections and we randomly
sampled three sites tiom these. Stunned fish were
immediately netted and placed in a live-well.

Beach seining was conductedon two randomly
selected nights during each 9-d sample period.
Five beach seine sites on sand, gravel, or cobble
substrate were selected each night based on
proximity to the electrofishing sites sampled
that cvenil]9. Square sets were made with a 5-
mm stretch-mesh seine (30.5 m x 2.,1 m) set
para l le l  to  the  shore l ine .  Br ida l  l ines  (6 .1  m
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long) connectcd to each of the brails were used
to pull the net to shole.

F  sh  ldent  f l ca t  on

F i s h  u e r c  l i g h t l )  r n e 5 t h e l i / t d  i n  t r i c a i n e
methanesulfbnate (MS-222, 100 tttg/l) and gen-
crally identilied to species with the exception of
sculpins (Conls spp.). which were left at genera.
Also, bridgelip suckers (C. columbianu.s) ant)
largescale suckers < 150 mm fork length (FL)
were difficult to difltrentiate and were not iden-
tilled to species. Fish < 300 mm FL were mea-
surcd ltl the nearest I rnm, and fish > 300 mm FL
were nlcasured to the nearest 5 mtrr. After ex-
amilation, fish wele placed in tiesh water to re-
cover for at least 15 min before rclease back in
the reservoir.

Data Analysis

Numbers offishes collected wcre adjusted to ac-
count for level of effort per shorelinc substrate
typc. which was necessary because sampling was
not completely random. If a substnte type was
sampled more or less than its actual occurence
in reservoir shorelines, and a specics prefened
this substrate type, then the pelcent abundance
of this species would be increased or decreased
over the actual value as an afiifact of the strati-
fied random sampling plan. For example, adjusted
number of carp collected during beach seining =

actual number of carp collected at sand sites x
(7. sand substrate in rescrvoir shorelines (as de-
teflnired tiom the shoreline substnte suNey) /
7. sand sites sampled) + similarly adjusted num-
bers fbr othcr shoreline substrale types.

For the most abundant taxa collected by each
gear type in 1999. we uscd analysis of variance
(ANOVA) to test fol significant effects of reach,
substate, and samplingperiod (spring versus sum-
mer) on unadjusted catch-per unit-e11brt (CPUE).
A unit of effon for beach seining was one haul,
while for electrofishing. a unit of eflbft was 10 nin
of currcnt on time. Values wele translbrnred to
ln(CPUE + 1)for statistical compadsons. Where
rpp l i c rb le .  ue  u lsu  J i r  i r l cd  la \a  in to . i /e  g roups
fbr analysis. Ifthe overall model was signilicant (P
< 0.05). Tukey's studentized range test was used
to examine if there were significant differences
between mean transfomed CPUE values.

Results

F sh Assemblage Structure

During the study.7460 fishes representing 8 fami-
l ies nnd 2l taxa were collected during 67 hr of
electrofishing and 78 beach seine hauls (Tablc
I ). Eight species were introduced. Based on body
shapes and fin condition, we determined that rain-
bow trout (Onr:orl4'rcha.i m-r ftlss) probably origi-
nated liom net-pen operations in Chief Joseph
and Grand Coulee reservoirs. The origin of the
t'ew chinook salmon (O. ts/rau.;r'lstha) rs unknown:
this species is not cuffently stocked in Chief Jo-
seph and Grand Coulee reservoirs. The most abun-
dant tirxa were northem pikeminnow redside shiner
(Richardsoniu.t balteatus), longnose sucker (C'.
cctoslorua.r), bridgelip sucker, largescale sucker.
rainbow trout, walleye, and sculpins. Length fre-
quency distributions of the most abundant spe-
cies collectcd, longnose sucker (Catostunus
cdtostotnus), indicrted the presence ol thrce size
classes (< 150 mm. 150-299 mm. and >299 mm
FL), which were separated for analysis. We ex-
amined the catch of these species in relation to
reach. substrate, and samplingperiod forboth gear
types.

E ectroflsh ng

Reach and sampling period (spring versus sum-
mer') affected CPUE ofmost fishes, and distribu-
tion patterns were species-speciflc. Northern
pikeminnow wcre collected in signiflcantly (P <
0.01) greater numbers in Reach 3 thtrn Reaches I
and 2 during both time periods (Figure 3). tn con-
tmst, rainbow trout were more abundant during
spring in Reach I (P < 0.01). Catches ofwalleye
were significantly higher during spring in all
reaches. while sculpins wcre significantly (P <
0.01) more abundant during summer in Reaches
2 and 3 (Figure 3).

Larger sizes (>299 mm FL) of all three spe
cies of suckers were collected in signiticantly (P
< 0.01) greater numbers in Reach | (Figurcs 4
and 5). There was no significant effect of period
on the abundance oflarge longnose suckers, while
largescale suckers were more numerous in sprlng.
and bridgelip suckers more commonly collected
during summer. Both groups of srnaller (< 300
mm FL) longnose suckers were significantly (P
< 0.01) more abundant in summer, with abundances

Upper Columbia Rivcr Fishes 5l



TABLE 1. Adjusled numbers of lishes collectcd by electroshocking (ES). and beach selning (BS) in Chicf Joseph Rescnoir
during,{pril -lJul,v 28. 1999, and pcrcent (7.) catch lor both gears colnbined. \umbers are adjusrecl to accounr ibr
level o1 cllbft per shorcline substrare rype. ,= introduccd species. " = primari]y ner pcn ongrn.

Actual number offish collected:

AdJu\lcd number of flsh collecred:

Number of hours sampled (ES) or hauls (BS):

5.103

5671

6',7

245',7

20)6

78

Common namc Latin namc % Carch

Carps and minnolys-C!prinida€
C".p

Nofihern pikeminno$

Redside shincr
Tench
t in idendl ied

Suckcrs-Catostomida€

BI idgel ip suckcr

Unidentified

Mrlodtdlb cautinul

Ptrcho.heiIus orc,qone \i!

Rir hd ftl s o'ti Lt r bd I t e at u I

L uk) \toDl u s cat0 rk)mus

I
<1
5

l 5
< l

2 l
6
6

1 5
2

I
< 1

I

I

I

I
,7

82

251
183
l l

1520
'188
.109

I

I IJTO
r 5 6

l
1

I
2 l
21

5 l

12

58
171

216

2
l 9

16,1
937

3
3

8:
5

271

0

t 0
I

2
I

I

2.1

0

0

38

109

Bullhead catfi sh€lr-Ictalurida€
Bro\in bullhead

Trcuts-Salmonida€
Rainbor trcut "

Chinook salmon
\fonnrain $hitefish
Bro\\ n trou!
Bull trout
Brook lroul'
Un ent i f ied

Cods-Gadida€
Bufbot

Sunlishes-Centrarchidae
Snallmouth bars

Perchcs-P€rcidae

Sculpins-Cottidae
Unidcntilied

Atneiunl! n(bul0sus

Onorh\n(hu\  n\k iss

I'rotopiLm hiIItun\oni

S a l\,. I it t u s c o'il unt u s
Sotr(lin slb tinuli\

Mi optetu\ lolunie

abltr.r spp.

increasing liom Reach I ro Reach 3 (Figure 5).
There werc no significant eft-ects of reach or pe-
iod on the distribution of unidentified suckers <
150 mm FL (Figure 4).

Overall, therc \'"'ere few significant cffects of
subsffate. However, substrate did significantly
aff'ect some sucker distributions, with bridgelip
and largescale suckers less abundant over sand
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than other substrate typcs. and conversely. longnose
suckcrs more abundant over sand in some loca-
tions (Figures ,1 and 5). Substrate significantly
(P < 0.01) afiected distributions of 150 299 mm
FL longnose suckers. but there were no clear trends.
with prelbrred substrate types ditlering in each
rcach (Figurc 5).

Beach Se ine

There wcre no significant efl'ccts ofreach. period,
or substrate on catches of northem pikeminnow.
suckers, or sculpins in bcach seine hauls (Figure
6). Redsidc shiners were significantly more abun-
dant in Reach 3 (P < 0.01).
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Figui: 6. \,lean carh per uni! cllbrr (CPllE) of lbuf raxa collected bv bcach seining in rhree feaches of Chief
Joscph ReseNoir during ruo sanpte periods. Aprit,May (spring) and Junc Jutv (summer). and o\cr
threc substrates. CPUE is one bcach seine haul. Mean fork length (FL) I one \tandard deviation ()1.
cach laxon is prcscnGd. N = nrmber offish. Nole differenr !eriical axc\ scales.
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Discussion

We observed species and size-related differences
in fish abundance in ChiefJoseph Reservoir that
were linked to reservoir reach. Larger sizes of
some species such as suckers were most abun-
dant in the upper rcservoir (Figures 4 and 5).likely
due to upstlean spawning miprations. For exanple.
longnose suckers in Brit ish Columbia init iate
upstrcam spawning migrations at 5'C and con-
tinuc through about 15'C(Geenctal. 1966). Simi-
larly. in the Hanford Reach ofthe central Colum-
bia Rivel largescale suckers move upstream to
spawn primarily during June, with peak spawn-
ing at J2-15"C (Dauble 1986). Fudhermore, we
collected l3 larger nofthern pikeminnow mostly
in Reach I ofChicfJoscph Rcscrvoiq and spawning
ofthis species occurs in dam tailraces at tempera
tures  >14 'C (Cadomsk i  e t  a | .2001) .  A l though
the higher abundances of rainbow trout in Reach
I were largely due to the location of net-pen fa-
cilities, upriver spawning migrations of this spe-
cies have also been reported (Davies and Sloane
1987) .

The lo$el portion of the reservoir (Reach 3)
contained greater abundances of smaller t ishes
(Figures 3, 5, and 6). This area also had lower
flows, smaller subsftates, and more complex shole-
Iine areas with woody debds that attncted small
fishpossibly seeking shelter from predators (Sillett
and Foster 2000. Laegdsgaard and Johnson 2001).
Some abundant taxa in this area, such as sculpins
and redside shiner, are smaller at naturity. How-
ever, rearing juveni les ofsome species were also
common, such as immature northern pikeminnou',
and during the summer, longnose suckers.

The abundance of some tishes diflered sea-
sonally. During spring. rainbow trout, walleye,
and largescale suckers were more abundant than
during summer, while the opposite pattem was
observed for sculpins, bridgelip suckers, and
smaller longnose suckers (Figures 3, 4, and 5).
Seasonal changes in environmental characteris-
tics may have caused these fishes to shift habitat
use out ofor into littoral areas where we sampled.
For example, temperature influences movements
and distributions offishes (Hall andWerner 1977,
Tufescu 1994). Temperatures in Chief Joseph
Reservoir increased from 5' lo l0"C du ring .f\rine
and from l0'to l6 "C during summer, with higher
temperatures in shallow shorelines due to sollLr
heating. Higher shoreline temperatures also in-

crease the growth ofinstream vegetation and en-
hance fbod availability causing fish to move on-
shore (Hall and Wemer l977). Lastly. watcr flow
in Chicf Joseph Reservoir characteristically dif-
fers bctween these two periods, usually peaking
during June (Figure 2).

The only fishes in ChiefJoseph Reservoir that
displaycd significant diff'erences in abundance
related to substrate were adult suckers. Bridgelip
and largescalc suckers were more abundant over
rock substrates, while longnose suckers were more
abundant over sand. This distribution pattern may
be due to foraging behavior rather than spawn-
ing pre[erences. since rl l threc .pciie. .pau n pri-
marily over gravel substrate (Mccart and Asp inwall
1970, Dion et al. 1994). In the Hanford Reach of
the middle Columbia River, both bridgelip and
Iargescale sucker diets are dominated by algal
periphyton, whichthey graze from cobble and othcr
rock substrates (Dauble 1980, 1986). while
longnosc suckers feed selectively on cladocerans
(Ddphnia spp.) and chironomids, if available. in
addition to algae (Brown and Graham 1954, Barton
1980) .

The relative abundances offish species in Chief
Joseph Resen'oir appeared to have changed since
the 1970s. Although different gears and sampling
designs were used, the magnitude of change tbr
some species was large, suggesting actual assem-
blage difl'erences. Erickson et al. ( 1977) sampled
in thc reservoir from May 1974 thrcugh August
1975 pdmarily using gil lnets and beach seines.
The most abundant species they collected werc
nofthem pikeminnoq (347a ofthe catch), Iargescale
suckcr (16%), peamouth (12%), and walleye (8clo),
with spccklcd dace (R/rlirlc&tir-r's oscrrlas). bridgelip
sucker. mountain whitefish (P ros op i un w il liams oni 1,
yellow perch (Perca.flt lescens). and prickly
sculpin (Cotr-r a.rper) each composing 3-5% of
the catch. ln contrast, the most abundant species
during our study were redside shiner longnose
sucker, and rainbow tout (Table 1), yet each was
only 1-2c/a of the catch in 1974-1975. The most
notable decrease fiom the mid 1970s to 1999 was
the proportion oftwo native cyprinids. peamouth
and northem pikeminnow. Howevel it nust be
noted that because of differences in sanrpling
methodology and effort, $'e cannot determine if
absolute abundances of these trshes declined.

It is difficult to explain preciscly why fish spe
cies assemblages diffcred between these two
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periods. The more stable conditions in Chicf Jo-
seph Rescrvoir (i.e., water levels) in the 1990s
may have resulted in a more producttve envrron-
ment with greatcr benthic invertebratc prey den-
sit ies (Wydoski and Bennett 1981 , Cushman 1985,
Geist et al. 1996). Some tishes may havc experi-
enced increased recruilment during the 1990s
because water level fluctuations affecr shoreline
habitat stlxcture such as vegetation abundance and
are detrimcntal to growth and survival of age 0
fish in nursery areas (Shcidegger and Bain 1995).
Additionally. thc increased lumbers of rainbow
trout during the 1990s lilm net pen production
mav have changedthe species composition in Chief
Joseph Reservoir, due both to dircct prcdation on
native tishes. and competition for tlsh and inver-
tebrate food sources (Beauchamp 1990. Lynott
et al. 1995).

Fish assen.rblages in Chief Joseph Reservoir
r l .o  r  l r ieJ  l rum o the l  Co lumhia  R i re r  rcsen o i r . ,
in pafi becausc of habitat differenccs due to im
poundment. After impoundment, Chief Joseph
remaincd a rclatively fast-flowing svstem with few
large backwater areas (Erickson et al. 1977).
Conversely, many other reservoirs became more
lakeJike. resulting in a shif't fiom fish assemblagcs
composed primarily of native dvednc species to
those with an abundancc of introduced taxa adapted
to lenlic conditions (Li et al. 1987, Poe et al. 199,1).
Similarly to Chicf Joseph Reservoir. one of the
few free-flouing areas ofthe ColumbiaRiver, thc
Hanford Reach, has low numbers of introduced
fishes. about 17o (Gray and Dauble 1977, Li et
al. 1987). Fudhemore, the redside shiner, a na-
tive cyprinid tbund in lotic systens. is abundant
in both the Hanfbrd Reach and ChiefJoseph Res-
crvoir, but is rarely collccted in Columbia River
impoundmcnts (Gray and Daublc 1977, 200l;
Bafbot et al. 2002). FinalJy. Chief Joseph Rescr-
voil differs ftom others in the Columbia River
systcm because therc are no fish passage facili-
ties at Chiefloseph irnd Grand Coulee dams. This
pre\'ents upriyer migration of fishes such as spc-
cies of salmon tiom lower reservoiri..

The location of Chief Joseph Rcscrvoir also
affected tish assemblage structure. Li et al. ( 1987)
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