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lntroduction

Fish communit ies in the Columbia River basin ha, 'e
been -"haped b'- a combination of numerous spe-
cies iDtroductions and cxtcnsivc habitat altcrations
fol lor, ing impoundment. Slowef waler velocit ies
and rrarrner temperatures in impoundrnents have
increasetl the habitat ar.ailablc to populations of
cxotic $arm und cool rratcr specics. most nolablv
s mall mo u th lt ass lI ic ropte nLs do L.)nti erl. c|,ar'nel
catfish -lctalLrur paD.rrzlui. llnd it'allcyc Sd:osre-
ditn titreun treunt lPoe el al. t991). Theif gro$.
ing populations arc supporting ncw sport lishclies
of incrcasing recfeal ional and e( 'onomic impor-
tence. part iculaf l !  in l ight ol the.l i l indl ing stocks
of Columbia lliver salmon (lnc.rr&.17rchur spp. and
steeihead O. mr*iss. Rcgion+ridc Inlcrcsl rn
smallmouLh bass, channel caLfish. and $ al leye
stcms not onlv from thcir potcnti:rl lo cnhancc sport
fishing opporlunities, hut fiom justifiable concern
regarding thc impacts of inlrodtrccd prcdalors on
fishcs nal ivc to thc Colurnbia and Snake Rivers.

Thc annLral drx,nstrearn migration of jureni le

anadromous salmonids through the (iolumbia and
Snakc ltivcrs rcprcscnts il potcntial srasonal food
resource for pisci!orous lishes. lmpoundments pr.o-
]ong migration rales ol ju,reni le salm{)n and steel-
head. cdlcentrate them at dams. and increase their
susceptibilitl to predation (l-bel 1977. Ilavmond
f979. 198B). Thc magnituclc of prcdal ion lossrs

rclntilc to othor sourccs o[ mortalit,v can br sig-
nificant (Rieman et aL. l99I). Although northern
squar'fi sh P4rlrrxrlreifu.r oregozenru accounted fcrr
most of the predation-related mortality in John Dav
Reservoir from 1983 1{) 1986 (Rieman et al.
1991). smallmouth bass" channcl catf ish, ancl wall-
eye also consumed jur.enile salmonids (Vigg et al.
1991). Introduccd prcdators undoubtcdly intcract
rvith and prev on resident native species including
northcr-n squan'fish. although thc impad of lhese
inleradions has not been extensively studied.

Determining predator distributions in the loter
Columbia Rivcr basin is a first stcp lo\'!ards incrras-
ing our underslanding ofthe impacts of introduced
preclators. Llnforlunatcly, most of thc pcrlincnt in-
lorrnation on Columbia River basin f ish commu-
nit ies resides in inst i tut ional documcnts o{ l im;tcd
r:irculation, rdth the exception ofBeamesdeller and
Riernan (1991). Addit ional ly, logist ical problems
associated r l i th sampling largc r ivcr svstcms havo
l imiled the geographical sr:ope of individual re-
senrch efforts in the Columbia River basin. We
galhered standardize.l  calch and elforL data for
smallmouth bass. channel catfish, flnd !,rnlleve
Lhroughout the lor,er Columbia and Snake Rivers
f lom 1990 to 1992. In this paper. ! !e compare
dcnsity and rcldtivc dbundance of each species
among reserloirs in the lorver Snake and Colum-
bia Rivers. and in the unimpounded Cohrmbia
Rive r dotnstream from Bonnevi l le Dam. We also
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eramine distr ibutional dif fcrences among r-eachcs

[::,*t;" 
mid-rcsenoir. and railrace) wirhin

Methods

Fie d Sampi ing

SIc samplcd l iom 1990 through 1992 to col leu
inlormation on resident piscivorous fishes through-
out the lower ( lolLrmbia and loler Snake Rivers.
Becausc the largc size of the area precluded our
sarnpl ing al l  rcserloirs in the sarne vearj wc sam-

Washington

BonneV i l l e

plcd fish in Columbia River r.cscn'oirs (Bonner,illc.
The Dalles, John Day, and Mc\ary) in 1990.
Snake River resen,oirs (Icc Harbor. Lowcr-
Monumcntal.  Lit t lc Goose. and Lorver Granite) in
1991 , and the Columbia River downsLrearn rrom
Bonnevi l le Dam in 1992 (Figurc 1). We sampled
John Day Reservoir in 1990. l99l and 1992 in
order to examine annual rariabilitv.

Sre usuall,v samplecl three, 6-kilomerer long
rcaches in each resenoir: lbrebay (immediatcly up-
stream liom the dam), mid-rescrrroir, and tailracc
(immcdiately dorvnstream from the ncrt dam). Tto
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Figrrc 1. Sampling areas ir rhe lorer Colunrbia Riwrr basin. Small arn,$s indicate Loundaries h.r*een sarnpting zones doivn
slr.a ll onr Bonncrille Dan sanpled in 1992. Larsc urrows idJicate ColuDbia Rirer rcsrrloirs s!tripteJ h 19.10. .nit
SDak.  R i le f  res( i r lo i rs  sanp |q l  in  1991.  Urp  o fJohn Da, !  nes( i tu i r  i l l us r l res  reach.s  sampte . t  * i rh in  resemrrs .
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exceptions were (1) the upper reach of Lolcr Cran-
ite reserr.oir t'as not in thc tailracc of a clam. lnd
(2) lc samplcd four reaches in \ lcNarv Resenoir:
Ioreba,v. rnid reserroir, taiLacc of lcc Harbor Dam.
anrJ Lhe upper reselvoir immediatelv upstream
liom the conl lucncc of thc Columbia and Snake
Rivcrs. Bccausc of i ts sizc. $'e part i t ioned the
Colurnbia River downstream from Bonneville f)am
inLo three zones: River ki lometer (RKm) 7 t -121.

RKm 122 - l ?7 .  and  RKm 178 -234 .  Thc  uppe r
zone included Bonnevi l le Dam tai irace. SampJing
in each zonc las strat i l iccl bv lolcr, middle. ancl
upprr reaches (analagous to forebay. mid resenoir'.
and taibace reaches t'ithin |cscnoirs). All reaches
lere subcl ividcd into 24 ncarshorc sampling sites
of eqrral length.

S'e sarnpled fi-"h l,ith three geals: lrIr elec-
trof ishing boat. bottorn gi l l  nets. and sufface €i i I
nets. V e clcctrolishccl parallcl to shorc. with cur-
rent of approximalelv 4 amperes. Bottom and sur-
face gi l l  nets lcrc f ishcd pclpcndicular lo shore.
and neasur-ed 46-n long b1 2., l-rn deep. rvi th al
ternatinpl panels of 3.2. ,[.4. and 5.l-c,m brr mcsh.
Sitcs r, i thin cach fcach were sarnpled from Oil00
to 1200 hours in thc orclcr in rr'hich thev lere ran-
domly selected on a dail-v basis liom ttre numlers
srt of l-24. S.e cornpleLed a nrinimunr of 24.
15-minute pol,er-ol electrof ishing runs. 2,1, J-h
bottom gi l l -nel sets. and 24. l-h surface gi l l -net
sels in each re:rch. ' lotal effort in each rcach is

summarized in Table l .  Srnal lmouth bass. chan-
ncl catf ish, ancl al leye nere counled and meas-
ured (fork length in mm).

Gear Selectivity

We compared mean catch per unit of effon (CPl,E)

for fish of all fork lcngths to elaluate seledivilv
rmong gcars lcrr each species. We selected the
rnost elfective gear to calculate densitv indice-" lbr
cach spccics bascd on CI'UE.

Density

We used CPIIE as an irrdex ol densitv oi each spe-
cies in each sampling area. We also calculatecl n
second index of densitv clcrivr:d from frcqucncv
distr ibutions of CPUE. Although CPIIE is a com-
monlv LEed index of frsh densitv (or ubund ncc
rvhen lxrpulation size is Lloln), Bannerot and Aus'
tin (1983) recommentled thc usc ofthc squarc rool
ofthc rclat ivc frcclucncy ofzero-f ish calches. The
zcro<atch index is inver-selv relatecl to densitt such
Lhat lo$'values correspond to high l ish densit ies.
Therelbre, \re used thc lcciprocal (l/squarr: root
of thc JrroJrort ion of zero calches) so the inde)i
would be directly proportional to dcnsity. This acl-
j(stmenl cfeated a problem in the mid-reservoir
of Lol,".er (]ranite Reserroir, \rhere at least one
smdllmouth bass rras captur-ed jn everv elec|rofish-
ing run, and the proport;on of zelo catches equaled

IABLEl  To ta le f fon  (sprnrg  and sunDer )br  sampl ing  ger r  and re rch  in  zon.s  , lo$ .s r r , !m l ro r i  Bo ' ,n \ i i l {  l )m (9921.  C( r ludh ia

Ri re r  reseno i rs  {19901.  und Snukc  R iv r r  r r :soro i rs  (19r . } l  ) .  t  n i t s  o l  . lh r t  a rc  nunbr : r  o f  15 ' -  e lec to l i sh i r rg  runs ,  and

Ihbot tomandsr r l iLceg i l l . i r s .1s .Rcac l , .sur i . |B( ioa : lu r ) .N lR lmi r l -n , * ro i r r - lH( ta i i ra .e ) ,andtJR{upper reseno i r l .
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TAU|.Fl2. Sur'1uce ores (hectares) of zon:s dorrstrcan hom llonner e Dm:urd F&hcs {ih C,,ldnbir dnlSuke Rier reseNons.
Near shore areas are tlie toLal rnirl-n.sr-rvoir rreus minus those are&s greater thu 12.2 nr rlrp und greater thar '16

m from shore.

iu r I  e  uL" . '  (hec t r r " ' r

Total

R K r r  i l - l 2 l

RKni  122 177

ItKrn 17U 2:11

Thr Dallrs

John Dor

l.ower llonumental

; .60 t

6.t72

6. t23

;_632

3_639

I9_ i8 l

12.2 ta

:] .285

2.125

3.88r1

:t.2to

t]90

526

792

8 6 3

578

:1.:,1L

5!)9

5!).1

5 . ;15

6.866

2.63 |

t u . l 71

10 .508

2.,t2t)

l  t 39

3.086

2.306

6.'12 L

5.080

2 . 9 1 9

1 . 6 0 1

7.933

5 . 5 7 9

1 . 4 5 2

620

1.1.12

l .2 i la)

,10i1

i,|76

179

il L0

2{)6

2 B ?

365

20u

6,1I

3,10

zero. Wc thcr-cfore assi€ined a zero-lish catch in-
der value to that reach bascd on thc proportiona.l
dif lcrcncc in Cl 'LlE between the rnid-resrnoir
leaches in Little Coosr and Lovcr Cranite

We pooled data lrom loner, middlc. and upper
reaches to s)mparc mcan CPLE and zero-catch in-
cliccs dmong the three zones of lhe Columbia Rivcr
downslream of Bonner.ille Dam. \\e poolecl data
from (lohrmbia Rirer-resenoirs and Snakc River
reser\'oirs lo comparc mean CPUE and zero-calclt
indiccs among fbrebav. nlid-reser!oir. and tailracc
reaches $'ithin ea(l rivr:r. Wc dcsc,ribcd 950/o con-
fidence intcntls for CPUII indices as plus and mi-
nus tiro slandard errors of rnean CPUE.

\\ e calculated reserroir-wide CI' f  E and zero-
cetch ind;ccs bv takin€i the producl ofeach reach-
specfic inder and the prop()ftion oftotal lcserroir
surface in that reach (Tablc 2). and summin€i the
produds across reaches. Each reser, 'oir-widc dcn-
sitv indelwas therefore a weighted mcan. r lhcrc
the rclativc surface alea of the lbreba'-. rnici-
reserloir. and taiirace *as usccl as a weighting fac,
tor for thc coresponding reach-specif ic indcx
\.alues. Standard errors fcrr- rcscn oir-r'ide (]l'UE

indiccs lerc cstimatcd using a BASIO program that
gcncrated a random: normal distr ibution of 500
reservoir-r'ide CPIIE indices bascd on the mean
and standdrd crror of CPUE in each reach (fore-
ba,v. mid-reserroir, and taiJlacc) r,".ithin each reser-
voir.  S'c clescribed 950/o conficlence inLenals as

plus and minus hlo standard errors. Our approach
was similar to Ricman et al.  l l99l).  who used a
Monte Carlo simulation 1rl estimatc stdndard devi-
alion of the number of salmonids consumed b,v pre-
dators.

Our sarnpl ing sites were l imited l t l  nearshorc
arcds throu€ihout the loler Columbia ancl Snake
Rirers. Therefore. wc cstimated the surface area
in mid-resen'oirs and the lhree zones clolynstream
from Bonnevi l lc Dam that t 'as both less than I2.2
m and l'ithin .16 m of shore (Table 2). Wc used
these near-shore surfacc arcls as the t'eiglrting facr-
krr ftrr thc correspondinpl reach-specific. densitv in-
dices vhen calculating resen'oir-widc indices for

Relative Abundance

We calculated an index of relative abundance as
the product of each rescrvoir-rr'icle CPUE density
inde:t (rr zonc-spccific CI'UE downstream from
B. , r r n " r  i l l e  D rm)onJ  co r r . . l u , r ' , l i n y  r ,  - ,  nu i r - . r r -
facc arca (Table 2). We expressed relativr abun-
dance in each reservo;f and zonc as n ploport ion
o{ thc rcsen'oir or zone with the highest obscNcd
index r.alue.

Results
Smal lmouth Bass
Electroshocking accountcd for approximatell 9l o/o

of tlre total catch o[ 7.227 smallmouth bass.

22 Zimrnerman and ltarkr:r
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Elcctroshocking Cl'[,E t'as 60 times lireater than
bottorn gi l l -nct CIJLE. and 1 |  7 t imes greater than
-surface gi l l 'net OPIIE (Figure 2). Fish from 100
to l , l9 mm fork lcngth represented the largest
proport ion of the electrof ishing eatch. whcrcas
nearlv all fish capturcd in gill ncts t'ere greater:
than 200 mm. Vre used electrof ishing catch ancl
cffort clata to calculate densitv indice".

Dcnsitv of smallmouth bass downstream from
B , , r r r r - r i l l e  D a m  s r s  h i e h , - t  i r r  t h , . t r . u  u p - r i r e r
zones and lowest i iom RKm 7I-121 (Figure i3).
Densilt was similar among ftrrebav. mid-rcscnoir,
and tailracc reaches of (lolumbia River irnpound-
menls. bul r,ri$ highcr in fcrlebay and mid-reseroirs
than tai lraces of Snake r iver irnpounclmcnts. Thc
C]'UE and zero catch indices r ielded similal di l fer-
ences;n densitv among rcachcs arnd zones. Den,
- i l r  r . a -  p re r t . - t  i n  s l JL .  R i ' . .  r ' r , n ' , i ' - .
irrtermcd;alc in Columbia Iliver resen'oirs. and
lolest dot'nstrearn frorn Bonneville Dam for both
indiccs (Figurc 4). Relatir.e abundance of small
mouth bass rvas grealesl in LoNcr Cranitc Rcscr-
loir and lo\rest in the unimpounded Colrmbia Rivcr

io€bay mid-f€servolr ta kacs
Reach or Zone

FiguLe 3. Indlces of smallnouth bass dcnsitv irr sunrp ing zoncs

of the krver Colunrbia River dosNteah hon U,r!

ncrill: Dam. in rerhes ofColunbia [lirer resenoin
(Bon,rvill,, Thc Du cs. John D.).. U.Narr). and n)

n {(h(\ orsnlkc Ri1lr fesenoin [ce Harlrr. Lorier

Yonumenhl. Liltle Coose, Lower Cranir.). lddi..s

trfi,.lccrfollihins CPLE (open bars) aDd the relatn.

li.rlu,riv ol ztsro carches fot elecnofishnrg (hatr:hrt1

ba.s). Fl.ror hdrs in{li(!(., 950/0 confidence inreNal-.

l round,n .an  (  l l ' t  E .

l iom RKm 7l to I21. Relarire abundancc in
Snake River rcscn'oirs t'as high. considering their
-m . r l l  - i ze  re l . r t i r e  t o  { . o l um l ' i a  R i re r  r e . . n , , i r ' .

Electrof ishing catch rates of srnal lmouth bass
in John Dav Rcser-voirwere ven similar liom 1990
thlough 1992. Reservoir-r,itlc dcnsitv indices were
3 .01  i n  1990 ,3 . , 16  i n  1991 .  and  2 t r . 47  i n  1992 .
Density in the tai lrace was lcss than in the lbrebav
and mid-resenoir each year. In anr year, densitv
of smallmouth bass in John Day Rcscrloir lvas lcss
than in Snakc Rivcr rcscn'oirs sampled in 1991.
and l ln order of magnitude greater than Columbia
Riler zones dorvnstream from Bonncville f)am
samplcd in 1992.

Lower Columbia Rivet, RKm 71-234

I)ensity and Distr ibution ol Piscrirorous Fishes 23
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l'ig!r..1. ln,lnrs otsmallmouth brus densitv and relatire abun
danrc in san4rlirrg zorcs irr tlr. Coh,n,bir Rirr doivn-
-.rream fron Bonnelille l)an. ard ir Orlunrbir arrd

Snake Rier resenons. Error baE ndi.ate 95010 cor'

fidorcc inrenals lround rnean CPUE. Densit,r indi

ces rre !s described for Figue 3. Relatire abundance

is the prorluct ol resenoir qide CPt E densitr indi

ces and the correspondnrg surface areas. Lorer

Colurrbia River sampllng zones are RKU 7t l2l

iZt).  RKn 122 r?7 (22J. and RKm r78 231 (231.
Rr:sr:rroirs arc 8onni,!i ,, (BO). Th. Da i\ (TDl.

J , , } ! '  I ) ! i  {J l ) ) .  cNh i [ ' l ( ] ) .  1 . .  Harbor  ( lH) .

Lorer \'lonunental il\fl. Little f-;oose {LC). ad

Lorver Cranite (CRt.

Channel catf sh

We sampled 2.392 channel catlish vith all gears.
Bottom gill nets accounted for 7u0lo ol the totai
catch (Figure l l ) .  Bottom gi l l  ncts selectirely sam-

Jrled fish greater than 200 mm fork lcngth. EJcc-
troshocking ryas more effective at sampling both
verv small  ((100 mm) and vcrv largc ()600
mm) l ish t 'hen comparerl  to bottom gi l l  nets; hor-
ever. ven frw small and largc fish t'crc capturcd
by electrolishirg because overall (lP[,E was one
si\th that of botbm gi l l  nets. We used cat(tr and
effort data from bottom gi l l -nct sampling to calcu-
latc indices of chunnel catlish densitv.

No channel catlish t'ere captured doi!'nstream
from Bonncvi l lc Dam. Roth CPUFI and zcro-catch

100 200 300 4oo 500 6@ 7OO

Fork Length (mm)

Fisure 5. Size coDpositioD dil cat.h per uDir eflort (Ct't.E)

ol ittannrl cotfish bv gear npe. N=number of fish
measur .d .

indices for channel catlish t'ere highest in tailraces
oI Columbia River reservoirs (Figurc 6). Catch per
unit effort among reaches within Snake River reser-
voirs rvas higher in mid-reservoirs and taihaccs
than forebavs. $hereas the zero-catch index was
lower in forebavs and mid-reserloirs than tailraces
(Figure 6). We captured channel catf ish in cach
Columbia Rivcr rcsenoir;  ho$ever, catches $'ere
extremelv lolv except in McNary Rescnoir.  Wc
thcrc{orc rcstrictcd our rcsenoir-$-ide comparisons
of densitv and relat ive abundance to McNary
R.srrruir untl  thc lour Snrle Rirer re.enoir ' .
l)ensity of channel catlish las highest in L:e Har-
bor Reservoir and lolest in McNarv and Lowcr
Cranitc rcser-voirs (Figurc 7). Diffcrences in
resenoir-$ide density were simiiar betwecn thc
CI'LIE and zcro-cntch indiccs. Relative abundance
$as more than twice as great in Ice Harbor Rcser-
voirthan in any ofthc othcr rcscrvoirs (! igure 7).

Bottom liill-net catch rates of channel catfish
in John Day Reserroir were variable from 1990
through 1992, pr- imariJv bccausc catches in al l
three years r lere verv lol.  OnJy 4 *ere sampled
in 1990, 16 in 1991. and 15 in 1992. Catch rates
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Figure 6. Lrdices of rhamel catfish densitl in reaches o{

Co lumhia  H i r r : r  r r :seno i rs  (Bomcv i l l c ,  The Da l les .

John [lay. \[cXarr)anii Snrke Rirer resemirs (lci:

Hrrbor. Lower ltorurnenul. Little Coose. Loiver

Cran i r . ) .  lnd i , , i s  lR i  ho t , )m s i l l - , , . t  C t ' t l l  1 . ,p .n

barsl and Lhe relaLire {requencv ofzero catches lof

bortlrn sill n.ts (hakh(il l,a*l- Error bars n n!r{i

9;% confidence inrervals around n,ean CPUF:.

were greatest in the tai lrace reach of John Day
Reservoir in each year. In any vear. density of
channel catf ish in John Day Rcscnoir n'as at least
an order of magnitucle less than dcnsit,v in Snake
Rirer reservoirs sampled in 1991.

Wal eye

Only BB t'alleye were captured during the strrdy.
Catch pcr hour t'as 0.16 lbr electroshocking. 0.03
for bottom gi l l  nets, and (0.01 for surfacc gi l l
nets. Walleve caplored by elcctroshocking rangcd
liom 150 to 750 mm lork length. nhcrcas those
cnptured in bottom gill nets ranged from 350 to
600 mm. Onlv 3 walleye lvere captured in surface
gill nets.

Becausc of thc small sample size for all gears.
we did not calculate dcnsitv indices for walleye.
We can offer the follorving obscrvntions on lvall-
eye distribution. We captured tallcyc throughout

M C I C L M L G G B
Reservoir

Figurc 7. lrlici:s ofchannel cadish densin and relatire abun

danr l  in  \ f i ,Nun (N l ( l l -  l ( r '  Har t ,o r  { t ( l l -  l - , ,$ . .

I tonumenta l  LL \ l ) .  L iL t [ :  Goosr ' (1 .G) .  anr l  Lowr

Cranire (CRl resenoirs. Error bars indic.te 95v0
rtrrlidcrc ilterral-. aroLurd mear (ll'UE. Dorsiti

indur an: as dcstilcrl lor figur.i 6- HrlaLn. !b,,r-

dance is the produ(r of re{Noir i{jde CPt E ilen

s i r r  i rd i (s  a rd  th r  concspond ing  sur fa r r :  aa  as .

much ofthe lo$er Columbia Rivcr, from l lKm I37
to upper McNary Rcscn'oir'. and in thc Snakc River
from the mouth to Ice Harbor Dam tai irace. \o
walleye $ere captured in the Snake River reser-
ru i r - .  C r t ,  h  r r l , :  \ 1 i  r '  h i gh ,  - t  i n  t . r i l r . r , "  s .  i n te r
mediatc in mid-rescrvoirs, and verv lo\\ ,  in
forcba,vs. f)ownslream from Bonneville Dam. calch
fares \ ' !ere highest from RKm 178 to 2:14. Among
Columbia River resen'ois, catch rates h'ere highest
in 

'lhe Dalles Rcscnoir. follonctl in ordcr by Bon
nevi l le. John Day, and XIcNarv reservorrs.

Discussion
f)ifferences in the density and relative abundance
of introduccd prcdators lvithin and among reser-
voirs were str iking, part icularlv whcn comparcd
witlr densitv and relative abundance of northefn
squarvfish (Ward et ol. in prcss). Dcnsit_"-' of
smallmouth bass lras generally greatest in lorebays
and mid-r'cscnoirs, $hereas densit,v oI northern
squalrfish tas grcatcst in tailraces. Smallmouth
bass densi l ies were gredtcst upstrcam from John

I
j
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I)av Darn. particululy in the Snake River', theleas
northern -squawfish densitv is grcalcsl in thc loi |er
Columtria Rivcr clor,nstrcanr lrom John f)av Dam.
Il:nsitt of channel catlish was highest in Snake
ll iver lesenoirs. fart icLl lar l l  in Lai lracc rcstr ictcd
zones. s'al leye distr ibution rvas l imited to the
Colurnbia l l iver and the Snake Rivcr downstrcarn
from Jce Harbor Dam. Our catch rates ol walleve
irr reservoirs u,ere lo\t  bLrL c{rnsislcnl $ith recent
sport angl ing succcss ( l inus and Beamesderfer
199,1). l tecreational i isherv sur-vevs r:onducterl  in
loler Colurnbia Rir,er rescrroirs showcd CPU ll l.rs
greatesL in Thc Ddlcs lleserroir, follot ed in or-
tler b_v Bonneville ancl John Day reselvoirs (Tinus

and Bcamcsdcrfcr 1994).

In general.  impoundmenls conLainecl highcr
densit ies of introrluccd plcdrtols than the unim-
poundcd Columbia River dou'nstream from Bon-
neville Dam. W:rrd et al. (ir prcss) rcportrd that
densitv and abLrndancc of northcrn squar' f ish $as
relat ivelv high in the unirnpoundcd Columbia
River. The high dcnsit l  of northern squall ish
dovnstream l iom Bonnevi l le IJam ;s notc$orth,v
because somc authors ha\.e suggested that im-
poundments luve enhanr:ed northefn squa$fish
populat ions (Poe et ol.  1991). Northern squatl ish
ocr:ured in thc dicls of smallmouth bass and wall
eve in John Da,v Resen'oir (Poe el al. 1991). Othcr
native species commonlv catcn bv introduced pred-
ators include cott ids and catoslomids. Our rcsults
indicatc that prcclat ion b_v introduced species on
j u r e r r i l e  n o l t l r e r r r  - , 1 u a r . F - l r  a r r d  , , t h c r  n r t i r , . : p ,  -

cies mav be grealef in rescrvoirs than unim-
poLrndcrJ rcachcs.

l\{an,v diffcrcnccs c\ist betileel lol,er Coium-
bia River and lower Snake Rivrr rcscn'oirs that
might contr ibute to higher densit ies ol smallmouth
bass and channel catf ish in thc Snakc Rir.cr. Wa
tcr tcmpelatures during surnmer are higher in the
loler Snake River- Lhan in the Llrer Columbia
River. sornctimes cr-eating a thcrmal barrier to adult
salmonids rcturning to the Snake River (TrefeLhen
1972). Snake River rcscnoirs arc Eienelal lv
smaller'. have greater mean deplhs. ancl arr morc
isolated anrl lcss acccssiblc to anglers than Colum-
bia Riler reservoirs. The effect of these factors,
and undoull tedly rrran,v othrr habitat lcdturcs, on
Lhe prol i [crat ion ol smallnrouth bass and channel
catf ish has not been studied. In the cour-se of our
sampling. re observed that clcnsit ics of othcr in-
troduccd t 'arm water species such as uhite crap-
pie Pornotis annuluri t .  black crappie l ' .

nign)nau ettr\- and purnpkinseecl leTronis gibbo-
rres are also mu(ih greatel in thr-'lor,cr Snake ltiver'
Lhan Lhe lor, 'cl  Columbia [t i r .er.

Our finding-. suggcst that thc magnitude and
, l r  r r . r r n i ,  -  , ' f  p " ,  , l . r t i , , n  h r  r " - i d . r r t  t i - l r e - , , r r j . r r *
nile salmonid-" are quite clilferent in lhc lot'er
Snake Rilcr than thc lower Columbia Riler. Losses
oi jur.eni le salmonids to predalion bv northern
squalr'fish arc greater in the loter (lolumbia River
than the lower Snake Rirer (S ard et ol.  in press).
Our studl has sholrn that rclatilc abulu.rlce or
smallmouth bass and channel catl ish was much
greater in the Snake River than thc Columbia
River. Diet and consurnption rates o{ channel ca!
l ish in John Day Rcsen'oir (Poc et a1. 1991. Vigg
p t  1 .  l qq l  r  i n , l i c . r t e , l  t ho t  t he r  r na r  h -  i " r t " ' r t r n l
predalor-s on jurenilc salmonicls. particularly in tail,
races. I)ai ly consumption rates of juveni le
salmonids bv smallmouth bass exceeded thosc by
nonhern squawfish in the Columbia l l ivcr near
Richland. Washington (Tabol et o.l. 1993).

Introduced predators might be erpected to con-
-rume Sreater numbers ol juveni lc salmonids in the
Snakc River than in the ( lolumbia River; howcvcr.
several factors mav l imiL predation by smallmouth
hass and channel catfish. Pcak migration ofjur.e-
n i l ,  . r lm , ' n i r l -  pJ - t  : nJ l e  R i re r  , l , r r n .  o r ,  r r r -  i n
sprinS. $,hen cool water lemper-aturcs r\oulcl lot'er
consurnption lates of predators. Nlanr jureni le
salmonids are clllecled at T,or,".cr Cnurite and Li!
t lc Coosc darns and hansported to the Columbia
River dovnstrearn from Bonncr.illc Dam, reduc
ing Lheil  avai labi l i tv to rcsident predators in im-
poundments. particularlv in Ice Harbor and Lowcr
Monumental reser!oirs.

Populations oI all predator specics could be af
fcctcd by a predltor control program begun in
I990 to reduce northern squa$fish plcdation on
juvenilc sulmonicls. l{  mortal i t l '  of juveni le
salmonids is significantlv reduced bv sustainecl har-
vest of northern s(luawfish, prcdation bv other spe'
cies rnav bc cnhanccd due to incre:r-sed availability
ofjuvenile salrnonid prey. A changc in growth rate
rnight accompanv dietary shi l ts. altering size dis-
tr ibutions. lecuncl i tv, or abundance. as r,".as shown
fcrr vcllow perch ltercafaaescezs following removal
oi rr'hite sucLer's ChlosbntL\ comnersoni (Ha\es et
aL. 1992.1. Conrcrsclv. both snra.llmouth bass ancl
$,allcvc alc han'ested incidentally by anglers fish-
ing lbr northern squaw fish. Angling for tallcye has
incrcucd throughout the loler Colrrmbia Ri, 'er (Ti

nus and Beanesdericr 1994). but exploitat ion
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rltcs htlc not bccn dctcrmincd. Additional har-
,rest ol snral lmouth bass and *al leye could be sig-
nificant, particularl,v in arcas *hcre abundance
appeals lolr''

Scvcral unccfiaintics Limitcd our conrparison of
relative densitv and abund:rnce among reservoirs.
Sic crcluclccl dccp () 12.2 m). mid-channel () 46
m lrorn shore) areas lhen calculaLing feser,ro' f-
rvidc indiccs of densitv and abundance because
oLlr sampling $,as l imited Lo ncar-shore arr:as. I f
srnal lrnouth bass or channtl  cat i ish ut i l izc mid-
channcl areas to a signjlicant extent. rle would have
underesl imated their- densitv and ahundance. par-
ticularlv in largc rcscrloirs r hcrc rrid-reserroir
reaches are proport i .rnal ly large.

S'e retrrgnize that t trrrJraring ColLrrnbia Rivcr
reseNoils. Snake lliver reservoirs. and the unirn
po r rn t l ed  l o r . e r  ( l o l u rn l ' i a  R i re r  r r r . r r  l ' -  r r n ,  - r t a i r r

because sampling in cach arca vas conductcd in
djffcrcnt lcrus. 

'l 
his uncefiaintv vas at least partly

arnel ioraled b,- sampling John Dav Reserroir each

_"'.car. 1hc lank order of the densit,v inder fbr
smallmouLh bass in John Da,v Rcscrroir among lhc
1l sampling areas (B reservoirs and ll unim-
pounded zones) \ !as the sarne in arrv vear.

-r\n,v index ol fish densitr- ol abundancre has
shorLcom;ngs. The relat ionship of CPUII to abun-
dance is not al$av one of strict proportionalit,v

{Richards and Schnulc 1986). Banncrot and Aus-
t in (1983) evaluated stat ist ical bias in CPIIE rela-
t ivc to scveral othcr int l iccs that arc bascd on
iiequenc_-v distlibutions oi catch. They showed the
square root ofthe relative lrerluenc.,v ofzer{} catdres
to be an unbiaserl indcx of dcnsitv, dnd rccom-
rnended i ts use over CItUE. Our results hased on
lhe zero-catch inclex r,'ere gencrallr similar to thosc
hased on ( l l ' [ -  E.

' \ l though both indices vielded similar resulLs.
the index basecl on thc proport ion of zcro catchcs
had several lirnitations. lt is inverselv related to
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densitv such that lot index values corresponclecl
to high fish clr-'nsitics, although this lras easily or.er-
colne bv using the reciprocal. This adjustrnent
created a problem when the proport ion o[ zero
catches equalcd zcro. suggcsting that thc ut i l i tv ol
thc indcx mav bc limited to areas with lot' to
moderate densit ies of f ish. Addit ional lv, frequcncl
distributions of catch and elibrt ,vield a single in-
dcx r.aluc lvithoul r.ariancc. \cvcrtheless. ile be-
lieve the validity oI our findings was rein[orced bv
the lact lhal both incl i<res yieldecl similar pattcrns
of clcnsitv diffcrcnccs among areas and reselloirs.
although we acknot'ledge that indices are practi-
cal surrogates for more robusl approachcs to popu-
lat ion estimation. such as mark-recapture
methodologics.

Our rcsults prcsent a picture ofthe current dis-
tribution and relative abundance ofintroduced pis-
civorous f ishes in the lower Columbia River basin.
I)espile uncertainties, n'c bclicvc that prcdator dis-
t I i L . r t i on -  l , r o r i de  - l r ong  e r i denc -  t hc t  im l ' o r t r l | l
, l i i f . r ,  n , "  . ,  r i - t  i n  p r ,  d : r l u r -p r ,  r  r l r l i un -  f lmunS
reseno s. between impounded and Lrnimpounded
rcachcs. and bctnccn thc lot'er Columbia and
Snake rivers.
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