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Abstract
Dunng lvlay Scpombef 1995, lve feplicated an carlicr (198.1 85) study of fishes iD shorclinc habitah of dre John Day Rcser\oir
Colunbia Ri\cr. to ir\ estigare fi\h assemblagc !!ructure ,ll sevefal \patial and lemporal scales. A total of 37.:100 rcsidcnt lishes
rcprcscnling l,l lax $'as collected in 359 bcach scine hauls. Fish catch composition duing 198.1rnd 1985 was vcry similar. bur
$as greadv difterent from catch in 1995. Duing 19i1,1-1985. four nativc taxa (chiselmouth, nofihern pikcminnow, suckers. and
sand rollers) constituted nrore than 90?. of the combined main-channcl calch, wilh introduced raxa conprising only 1.3.2 ofthe
rntir'channe I catch. In conlrast. dudng 1995 onlt 37.7tl. ofthe main channel calch comprised chiselnrouth. northem pikeminnor.
suckers, and sand follers. r'hilc 33.9?. sere introduced t:r\a. primarily sunishes and yello$ perch. This shili in carch composi-
don wrs greatest in the lower rese.lojr whcre the 1995 catch x'as 6l% introduc.d t.rla. Although changes in species composition
ofncar shore resertofu fish assemblages o\'cr thc l0 yr period appeared to be substantial. we afe unsure ofannual \ ariability since
$c la\'c onl] one sea\or of sampling lbr conrpari\on with the e.rrlief study. Thc diflerences we ob\er|ed could be a long-ternr
rcspo.sc lo reser\oir aging. a short-ternr rcaction lo:rnnual difference\ in hydrologic and themal feginres. or sinpl) lhe naturally
' J r i i n :  r ( p r J J r . 1 i \ i  . . . e . ^ t , o r . , p . ( . c .

Introduction

Fish assemblages in the Columbia Rivel Basin
were historically dominated by salmonids and
cottids. which were 39 50% and 20-307r of the
tishes collected in Orcgon streans and rive$ from
1900 to the mid 19,10s (Li et al. 1987). In the
past cenlury, however. aquatic environments have
been greatly altered by land-use practices such
as farming. timber harvcsting. and hydroelectric
developmenr (Lichatowich 1999). In rhe Unitcd
States portion of the Columbia Riyer Basin for
example, I I largc hydroelectric dams were con-
sffuctcd between 1933 and 1968 (Ebcl et al. 1989),
creating reservoirs where the average water vc-
locity is lower. water temperature increases ear-
l ier in the season and renains high longer into
the lall (Quinn and Adams 1996), and fine sedi-
ments havc accumulated behinddams. thus chang-
ing substrate composition. Concurent with these
changes in aquatic habitats, introduced non-na-
tive warmwater and coolwilter f ishes. such as
centrarchids and percids, have proliferated (Li et
al. 1987, Poe et al. 1994).

Dcspite these large scale changes in basin
aquatic habitats and biotic assemblages. f'ew multi
taxa accounts of resident fi shcs (non-anadromous)
in mlin-stem impoundmcnts exist. Li et al. (1987)
and Poe et al. (1994) provide descriptivc accounts
of historic and recent fi sh asscmblages. with some
data on temperature prelerences and trophic re
lationships. Gray and Dauble (1977) estimated
the relative abundance of fishes in the unimpounded
Hanfbrd Reach ol thc Columbia River Spccies
lists with abundance data rLre available for some
resen'oirs in agency reports (Nigro 1988). Re
search in the basin has primarily lbcused on salmo-
nids and white sturgeOn (A.rpenser trqn.s-
montanus), with some studies on predaton of
juvenile salmonids such as northem pikeminnow
( P 4^ c ho c he i I tr s o re goretsls) and smallmouth bass
(Mit ropterus dolomieu).

Identifying the composition and dynamics of
reservoir fish asscmblages is important to tish-
ery managers who must devclop strategies for
recovenng endangered species. but still allow fbr
spo, tribal, and commercial f isheries along with
other competilg uses ol waterways in the basin.
Management agencies within the Pacific Nofth-
west are cunently considering several changcs
to the hydrosystem and jts operation (e.g., dam
breaching. reservoir drawdowns. seasonal water
budget ing)  rnd  to  l ' i \heD managcmenl  : l r J teg ies
(e.9., liberalized harvcst of introduced taxa) in
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an atlempt to recover severel,v depressed salmo-
nid populations. These proposed nanagenent
actions could greatly alter the habitat and fish
species composition of impounded reaches.

Thc objcctive ofthis study was to examine the
tcmporal and spatial composition ofshorcline fish
assemblages in John Day Rcservoir'. the largest
impoundment (123 km in length) on the lower
C, , lumhi l  R i re r ' lF ieure  l ) .  Shore l ine :  r rc  im-
ponant habit:rts for all life stages ofresident fishes.
olten ploviding shelter and abundant lbod re-
sources. Ho\i'ever. shallow shoreline habitats may
be particularly vulnerable to hydrosystem opera
tions, and changes in water levcls and flows that
result in ltered environmental conditions may
subsequently cause changes in fish assemblages.
We deterrnined ifchangcs in fish assemblage struc-
turc have occu[ed in John Day Reservoir, which
was irnpoundcd in 1968. by examiring fish com-
position in four main-channel locations and lwo
backwater areas at three temporal scalcsr within
year (spring compared to summer). annual (198,1
comparcd to 1985). and over a long time intcrval

0  1 0  2 0 k m
L-t---J

John Day Reservoir

Figurc L Bcach seine sanuL- sites in the John Day Rcscr
voir. Columbia River Fishes were sampled at six
nrajor locations in the reser\'oir.
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(1984-1985 compared to 1995). Changes in tish
assemblages over time wcrc additionally deter-
mincd at two spatial scales. We examined the six
John Day Reservoir locations individually. and
also pooled sites by either main-channel or back-
\l atel alea.

Methods

atrrr l i ,  Arae an. l  F- ia r i  N,4aih^da

During 199-5 we replicated an earlier (1984- 1985)
study (Gray et al. 1984, Palner et al. 1986) of
lesident l lsh assemblages in shoreline arcas ol'
the John Day Reservoir The upper third of the
reseNoir contains extensive shallow-watcr habi-
tat in main-channel and back*ater areas. Ftrrthcr
downriver, banks become steep sided with lim
ited shallowlittoral habitat. Substrate is mud. sand,
gravel. and cobble (Parsley et al. 1993). Domi-
nant substrates at the sample sites ranged from
l ine  sed in ren t  to  eobb le .  Cr ( ,$  lh :  o f . rqur l i c  In i l . -
fophytes, primarily water rniltbil (My ri op hy Llunt
spp.), ?re seasonally abundant in l i ttoral areas.
pafiicularly in shallow embayments and backwater'
habitats.

Wc sampled fishes with a beach seine at fbur
shoreline sites at each of lbur main-channel lo-
cations: the tailnce. forcba)'. and the upper and
lower pool (poo[ is defined as the area ofthe res-
crvoir excluding the tailrace and tbrebay); and in
two backwaters: Plymouth and Patcrson sloughs
(Figure 1). This typically rcsulted in 24 beach seine
hauls per sampling period, with the lbur sites at
each location considered a sample. In 1984 and
J985, fish samples were collected on a monthly
basis fiom April through August (except July) at
each ofthe six study locations.In 1995 we sampled
on a biweekly schedule from May through Au-
gust. Durjng l te June through August of 1995,
wc wcre unable to sample at any site in the Pater-
son Slough backwater location because of $,ater
milfoil abundancc.

Fish samples were collectcd at night using 30.5
x 2.,1 m beach seines with a 2.,1 m: centrai bag
and 6.,1-mm knotless nylon mesh. Lcads (15.2
m) and weightedbrails were attached to both ends
of the seinc. To conduct a seine haul. one end of
the seile was anchored to the shoreline by at-
tach ing  the  JeurJ  to  s l re rm\ iJe  \egeml ion  r  I  J
metal stakc driven into the ground, and the oppo
site lead was attached to a cleat on the bow of a
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bo:tt. The seine was deployed by backing thc boat
in a semicircle until water depth u'as insufficient
fbr boat operation: the seine was then manually
pulled to shore using the lead ropes. This method
o l  r lmp l inp  i .  nu t  \  i l hou l  b iascs .  i .e . .  e rp tu re
efficiency can bc influenced by the habitat types
being sampled, and by size- and spccies-specific
h .  har  io r r l  t l i l l e rences .  We a  ernpred ro  rn in  im ize
or maintain thc consistency of these problems by
sampling onlv at night. by restdcting rhe size of
the fish included in thc analyses, and by sampling
at the same sites across years with gencrally equal
e f lb r t  rmong loer t ion \  u  i lh in  r  )eur .

For comparison $,ith the 198.1-85 data sets
(Gra)' et al. 198,+. Palmcr ct al. 1986), only fish
250 mm or less in fbrk length were rctained. Thcsc
were measured to the ncarcst mm and identified
to thc lowest possible taxon. Most f ishcs were
released alter sampling, howevcr, large catches
of small fish were preserved in l0clc formalin and
retumed to thc laboratory lbr processing. Some
suckers (Catosloztrs spp.). bullhcads (Aneltras
spp. ) ,  scu lp ins  (Cot l rs  spp. ) ,  and sunf ishes
( Lt p' 'rnit :pp. and Ponnrit .pp.) were incon.i '-
tentlv identiflcd to species between the two study
periods. Because ofthis, thcsc fishes were grouped
into thcir respectjve genera for analysis (Tablc 1).

To describe environmental conditions during
each season, wc obtained daily discharge and tem-
perature information lionr StreamNet (2001).

Data Analysis

We examined the similarity of resident fish as
semblagcs at various ternpofal scales b)' calcu-
lating Spearman's rank correlation coefficients (r,)
on the ordered abundances ofthe most commonly
collcctcd flsh taxa.The ;uradromous fishesAmeri-
can shad (A1osa saTrldl.r.rllta) andjuvenile salmo-
ntds (Oncorh)nchus spp.) were not included in
these analyses because ol large tcmporal varia-
tions in abundance. Rank conelation analyses are
commonly uscd to assess temporal concordance
offish assernblages (Ross et al. 1985. Bass 1990).
However, the use ofsuch analyses has bccn ques-
tioned becausc the strength ofthe association and
thc significance of the test can be influenccd by
including large nunbers of rare species. Since
all spccies are equally important in the analysis.
small changes in the rank orders of uncomrnon
species could outweigh relativcly large changes
in the ranks of more abundant species (Grossman

et al. 1982). Thus, we restricted our analyscs to
the l0 overall most abundant taxa fbr the sanple
periods being con.rpared. Since this restriction
always relaincd an average abundance of at least
90c/r. of the fishcs collected. the analyses still in-
cluded those taxa that were the most impofiant
in the assemblage strucnrre (Matthews et al. 1988).

We cxamined seasonal. annual, and long-term
continuity of assemblage structule. Seasonal con-
tinuity was assessed by cornparing spring (April-
May in 198.1 and l985; May in 1995) with sum
mer  (June and August  in  198,1  and 1985;
June-August in 1995) catches to detennine if tem-
poral changcs in fish habitat use or an increased
abundance of young-ot--the year fishcs in the sum-
mer caused large shifts in the rank orders of the
mos l  comrnon IJ \ i l .  AnnuJ l  u . .embl tge  eont inu-
ity u'as examined by comparing 1984 taxa ranks
to  la85 r rnks .  und long te rm cont inu i r )  $J \  ! r .
sessed by comparing the rimks of the poolcd 198,1-
85 catches to the 1995 taxa ranks. Seasonal and
annual assemblage changes were compared at each
ofthe six sarnple Jocations ofthe rescrvoir while
long-term changes werc only examined at main-
channel locations becausc of sone back$,ater
s rmple  : i t c  d i f le renLes in  lqa5.  Ch i lngcs  in  J*
semblage structure were also examincd at larger
spatial scales by compNLring catches pooled across
all main-channel locations of the reservoir and
by comparing catches pooled across both back-
water locations.

We also examincd assemblage sin.ilaritics us-
ing Schoener's (1968) proporlional similadty in-
dex (PSI) (Met1e and Sheldon 1990). The index
vilries from zero to one, with a value ofzero indi-
cating no similarity. Indices are not statistical tests.
but they do provide a relalive assessment of as-
semblagc similarity (Matthews er al. 19118, Meffe
and Sheldon 199()). In addition, PSI values, un-
like rank order analyses, may not be as sensitive
to the inclusion of rare taxa in the calculations.
Thur, we computed PSI values o[ the entire taxa
list for each of the periods bcing compared.

Wc used principal components analysis (PCA)
to identify fish Laxa associations and 1o assess
assemblage composition in time and space (Rose
and Echelle 1981, Moylc et al. 1986, Finger and
Stewar t  1987,  Ross  e t  a l .  l987 .Mengeta l .  1994,
Mahon et al. 1998, Hoff and Bronte 1999). The
PCA was conducted on a correlation matrix of
the l0 overall most abundant taxa: these nade
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up an average of =97% of the reservoir-u'ide an-
nual catch and excluded those taxa that generally
made up < 1olc of the totol annual catch. We tlrst
averaged the individual seine haul data by month
lirr cach of the six locations. lnput data were thc
arcsine squi:Lre root transfotmed proportions ofeach
taxon for each year month-location combination
(3 yr x,1 mo x 6locations). Samples were not
available for the tbrebay and lowerpool locations
during April l98.1, or fbr thc Paterson Slough lo-
catior during July andAugust 1995; thus. the PCA
was conducted on 68 monthly samples. Fish taxa
associations werc identified by plotting laxa load-
ings on the first and second principal components
(PC) (Carpenter et al. 198I ). we then gmphically
examined temporal and spatial relations ofcatches
at the sanlple locations by plotting the scores of
cach year mooth-location combination on thc fiIst
two principal components (Finger and Stewarl
1987.  Ross  e t  a l .  1987) .

Results

Overv ew of Fes dent Flsh Catch

During the 3 yrs of sampling ( 198,1, 1985. 1995).
37,,100 resident llshes reprcsenting I families and
2,1taxa were collected in 359 scine hauls. Although
young age classcs were imponant in the catch,
length liequency information fbr the l0 overall
(pooled across years and locations) most abun-
dant taxa irdicatcd that most species wcre repre-
sented by 1wo or more year classes. The ercep-
tion to this u as snlallmouth bass, *hich were
alnrost all age 0 individuals (Figute 2). Of the 24
rcsident f ish taxa collccted. l3 species wcre tn
troduced (Table 1). The same taxa werc collected
in all years, except goldlish (Currassirs anrariis)
was absentin 1985, and speckled dace (Rliirlchrlzlr
o"-.rluJ ). an uncommon species in 19811- 1985, was
not collected in 1995.

Native fishes dor.ninated the contbined main-
channel catchcs in all 3 yrs, but to a much lesser
extcnt in 1995 (Table 2). ln the ear]ier sampling
period (198,1- 1985) foul native taxa (chiselmouth,
nofihern pikcminno',r". suckers. and sand rollers)
constituted more than 90% of the combined main-
channel catch. with introduccd taxa comprising
only 1.37r ofthe catch. ln contrast, during 1995
olrly 37.7cl. of the main-channel catch contprised
chisclmouth. northern pikeminno\\'. suckers. and
sand rollers, while introducedtixa made up 33.9clr
ofthe catch. The greater perccntage ofintroduced
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TABLE 1. Scienlilc and common n.rmes ol residenl tishcs
colleclcd b,v beach \eining in the John Da,"" Rcs
enoir. Colrmbia Ri!er. durirg 198,1. 1985. and
j  995. '= Introduced species.

Scientiiic nanre C|)lrnon namc

Ctpr in idae
Acto(heiILts t uxkeu\
Cdr.?ssiur aurunLt

M\kdPilus cduriIus
P trcho(hd I u\ o* sot1? ns 1s

RhiniLhth. ]  ovutu\
R hunlt.nius bdlteatus

Carostonlidae
Catunoinus d u hianus

Cu!o\|ontus tnaL tot ltriI \
Icraluridae

Antc iur  sI  ta l i \
Anviutus nebulosus
lctalLtrut pun(lilur

Salmonidae
Prosopiunt Uiansoni

Percopsidae
fu rc opr i t n-an! n10 nt a na

Castcrosteidae
Casterosteks a( uleutu\

Cotlidae
Cbr,r spp.

Centrarchidae
Leponh Eibbosus
Lepomis nncrorlti rus

M ic tL)p|| t u\ doLoni': u

Micnpt(rus salnoides
Ponnxi\ aittukttis
I' o no ti s ni g roma(t I kt u \

Pt trlt ltu\,e s.:e s

Sti.ottedk t I itrcunl ritrcum

Carps.rnd mimo$s
Chisellnoulh
Goldlish
Common carp'

Northem pikcminnow

Specklcd dacc
Rcdside shinef

Br idgel ip suckef
Lr€e\cale sucker

Bullhead catlishc\
Yello!v b!rllhcad'
urown bullhe.rd'
Channcl callish'

Mounlain \\'hitefish

Trout pcrches

Sand rol lcr
Sr ick lebacks

Threespinc nicklcback
Sculpins

Sculpin spp.
Sunf ishes

Pumpkirseed"
Bluegi l l "
SmallmolLth bass'
Largemoufi bas+
White crappie"
Black crappie'

l ish in thc 1995 catch was primarily due to an
increase in the relative abundance of sunllshes
and ycllow perch. In pooled backwater catches.
the percentage ofintroduced fishes remained simi-
Iar between the earlier samp]ing pcriod (28.461,)
and 1995 (33.67c). Thc dominant intrcduced taxa,
however, ditl'ered bctween pedods, with crappics
dominating backwater catches in thc carlier pe
riod, and yellow pcrch dominating in 1995.

General pattcms of assenblage compositioll
also varied among individual sample locations.
In all years, fish abundance and spccics richness
were highcst at Plymouth Slough, and lowest at
the forebay location. which was characterized by
catches ofonly a few numericall,v domintrnt taxa.
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TABLE I Percent (r.t;) corlposition of lhc 10 o\'erall most
abundanl l,lxa collected b) bcach seining in rhe
John Day Rcser lo i f .  Columbia River.  duf ine
\ Iat-Septcmbcr 198'1-1985 and 1995 in main-
ch.rnnel (MC) and b.rck\iatef (BW) locurions.
Numbeh of llsh arc sums of the l0 mo\l abun,
dant taxa onl ! .  CPUE=c:r tch per uni !  c i lof l .  ,=

I roduced spccics.

TABLE 3. Sea\on.rl comparisons (spring and sumnrcr) ofltsh
asscmblages in lhe John Day ReseNoir. Colum-
L i .  R i \ . r  i I  n , t l .  l r 8 < . - r . L J  l o o 5 .  \ 3 - . . n c r r
bet{ccn \easonal  assemblages was calculatcd
lvith Spearman's rank correlatic'n coefficient (r,j
on the rank ordered abundan cc! of the I 0 overal l
nostabundantrux lbf each compaison. Pfopor
tronal simiiarity indices (PSI) \i ere calculatcd on
t h e c a t c h 0 1  1 1 t  a .  * = P < 0 0 5

1981 1985
\{C BW

1995
N,IC BW

7. C'Jnplpilia!
Chisclm0utb

NoIrhern pikcminno$

Sand rol lcrs
Sculpins
Pumfkinsccd.  b luegi l l
Smrllmouth bass'
Cr.Lfpie+
Ycllo\L perch'

t  5 . l  1 .7  2 .1
2 . 3  1 1 . 8  8 . 1

F.3 11J.6 6.7
16 .8  37 .0  r2 . l
2E .3  3 .3  17 .5
3 .0  1 .2  t 0 .8
0.2 5.0 7.1
0.,1 1.9 2.1
0.1 l l .0 0..1
0.2 2.5 2).1

Overrien
Numher ofhruls:  112 61 116
Number of  f ish:  l .1. l0 l  12.7.1-1 5.701
CIPLTE: I  16 199 12

r9&t

Lowcr pool

[-'ppcr pool

Trilrace
Paterson Slough
Pl) mouth Slough
Pooled dxta
Al1 main chrnnel  locat ions
All backwnlcr l0cations

1985
Forcba)

Upper pool
Tailface
Palcrson SlNgh
Pl)m(]u!h Sl0ugb
Pool€d data
,{ll lnain-channcl localion\
All back\iater locations

199s

Lo$er pool

Upper pool
' Ia i l racc

Patcr\on Slough
Plymouth Slough
Pooled data
Al l  marn chmnel  iocat iors
All b.rckr\ atcr locations

-r7

l 0 l

3 .3
r2 .5
29.9
8 .5
9 .0
3 .8

6 .2
u , t

l l .3

0.86*
0.25
0.82*
0.801,
0.11
0.33

0.97*
0 .37

0.80*
0 . 7 r *
0.87*
0 .81 , !
0 . l 8

-0.07

0.85*
0.t1

0.5.1
0 . 9 i *
0.92*
t ) .11.1

0.78, i
0.12.

0.16+
0.73' ,

0.8i
0.15
0.11
0.62
0.29
0 .16

0 .81
0 . l l

0.95
0.73
0.68
0.36
1J.22
0.28

0.66
0.t2

0.7r-)
0.76
0.56
0.69
t).11
0 .71

0 .71
o.19

Although pattenls of relative abundtrnce varied
somewhatbetweenlocations.during l98.1and 1985
a core group of native taxa (cyprinids, suckers.
lnd sand rollers) dominated the catch at all indi-
vidual locations except Paterson Slough, where
lnffoduccd suntishes and ycllou perch madc up
a lar-ec percentage of the catch. Convcrsely. at
nearly all nain-channel samplc locations during
1995. a l;rger perccntage ofthe catch comprised
introduced taxa. particularly yellow perch. than
in the earlier sample. This shift in catch compo-
sition $,as greatest atthe lowerpool location where
rntroduced taxaconstituted 61% ofthe 199-5 catch.

Assemblage Structure

With i n-Ye a r Com p a r i son s

Based on rank correlation coefficients. catch collt-
pos i t ion  J i t l  n  t  \ i l r )  o rer l l )  he l \ \een sccr t 'n .  in
mrin-channel hlhitat.. Apr<cmenl hel$een spring
rLnd summcr resident fish taxa ranks ofmain-chan-
nel catches (pooled across locations) was strong
(r, = 0.76-0.97) and significant (P < 0.0-5) during
r l l  . t  ) r \  o l  the  r tud l  rTub le  3 r .  L ikc$ i .e .  t  ) ,a
ranks r,l,ere concordant among seasonal catches
at individual rnain channcl locations except at the

108 Barfbot, Gadomski. and Petersen

lower pool in 198,1 and the forebay in 1995. ln
contrast to the general pattern at main-channel
locations. correlations between seasonal taxa rrnks
in backwaters (catches pooled across both back-
watcr locations) werc low and not significant ex-
cept dudng 1995 (Table 3). Similarly. agrcement
betwecn assemblages was low and not significant
(r. range = 0.18 - 0.33) at individual backwater
locations between spring and summer in both 1984
and 1985. but scasonal assemblages were similar
in 1995 (Table 3). In backwaters during l98,1 and
1485,  r lnked rbundanre .  o f  \omc nat i \e  la \ i r



(peamouth IMtlocheilu.s cdtit-ir&Jl. northcrn
pikeminnor', suckcrs. and sand rollers) consis-
tently declincd fron spring to surnmer. andranked
abundances of introduced sunfishes increased.

Proportional similarity indices (PSI) exhibited
moderalc agreement with rank conelation mca-
sures ofassemblagc similarity at the scasonal level
of comparison (Table 3). Only six of l6 signiti-
cant rank correlations had PSI values of < 0.70,
with only two ol these < 0.62. indicating at least
modcrate similarity for nearly all seasonal com
parisons. An additional three cornparisons lacked
significant concordance among ranks, but had
relatively high (> 0.70) PSI values.

Annual Comparisons

Annual comparisons of nr;rin-channel llsh tiiunal
composition revcaled few ditlerenccs between
1984 and 1985. The correlation betwecn rank
orders (catches pooled across all rnain-channel
locations) was significant (P < 0.05). indicating
strong concordance betwcen years (Table 4).
Annual comparisons of assemblage structLlre at

TABLE 1.  Annual  (  198.1c,rmparcd !o 1985)andlong lcnn
(pooled 198,1 1985 conrpared to 1995) conpan
sons of fish assemblages in the John Dal Rcler
\oir. Cohrlnbia River Agreement belween asscm
blagcs $as calcul . r ted $i th Spearman s rank
corclation anal]sis (r.l.Analr'scs \\ ere conducted
on thc rank ordered abundunccs oflhe l0 overall
most tbundant taxa fof each comparison. Pfopor'
donal si ini larit) indices (PS l ) wcre calculaled on
l h ( .  . h  ̂ f  - r ' , r \ . . .  '  -  P .  0 r 1 \ .

individual main channel locations also demon-
strated sffong agreenrent between l984and l9ll5.
Backwater taunal composition. in contrast, was
dissimilar betwecn the 2 yrs at individual loca
tions (Table 4). The rank corrclation of annual
catches pooled across all back\\,aters was low but
signilicant (P < 0.05). In both years, suckers doni-
nated backwater catches. Diffcrences ln catcn
composition (catches poolcd acrcss both backwa-
ters) were largel.v due to changes in the rank abun-
dances of introduced sunfishes and yellou' perch.

Long-Term Compansans

Long-term comparisons of llsh taxa ranks indi
cated that main-channel shoreline fish faunal struc-
ture changed greatly betwecn the earlier period
(pooled 1984-85 catch) and 1995. Large changes
in catch composition wcre indicated by low (r, (

0.47) and nonsignificant correlations at all maln-
channel locations (Table,1). Major shifts in fau-
nal composition between the two periods (catches
pooled across all main channel locations) resulted
tiom declines in the rank abundance of nativc
suckers and cyprinids (chiselmouth and nolthem
pikeminnow) and increascs in ranks of sculpins.
and introduced sunfishes and ycllow perch. Similar
long- te rm chunge.  in  la \on  cont r ibu l i ( 'n \  lo  as-
semblage structure occun'ed at individual main
channel locations.

Annual and long term PSI values were con-
sistent with lant concordance measures ofassem-
b lage . im i l r r i t y  rTab le  4 r .  Annur l  cornpar isonr
of assemblage structure with significtint
Spearman s rank corelations al*ays had PSI
values of ) 0.65, whercas most long-term com-
parisons of main-channel assemblage structure
(all correlations were nonsignificrnt) had PSI
valucs ( 0.5. Proportional similadty index val-
ues .  howerer -  i r t , - l i c r tcd  h ipher . im i ld r i l i c .  c l  in
dividual backwater loc;rtions between 1984 and
1985 than did rank concordancc measures of an-
nual similarity.

Ord nations of Taxon Associations and
Samp e Locat on Relat ionships

A plot of f ish taxa Ioadings on the first two prin-
cipal cornponent (PC) axes revealcd three rela
tively well-detined, ecologically interpretablc fi sh
taxa associations (Figure 3). The first component
explained 30% of the variance in $e relative
abundance data and separated natlve (negative or

Tine peiod and locatron

A!4qal

Lo\er  pool

Upper pool

Tailrace
Patefson Slough
Plymoulh Slough
Pooled data
All n1ain channel locations

All back$ater locarions

Lons tcrm

Lo\ler pool

Upper pool

Tailface
Pooled data
All nain channel locaiions

0.7,11
0.85"
0.89*
0.8.1+
0.lE
0.11

0.85*
0.56*

0.29

0.2,1
0.11

0.07

0.73
0.63

0.70
0.86
0.86
0.65
0.7,1
0.61

0.21
0.30
0.57
0.50
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CH[4 = chselmoulh LEP = pumpkinseed,
PEIM = peamouth buegll
NPM = nodhem pikemnnow SMB = s.nalhoulh bass
SUC = suckerspp CRP = c rapp6 spp
sAR = sand ro er YLP - y€low percri

figure 3. T.xa badings on the fif\t two axes of a pfincipal

conponents (PC) anal)sis of fish feiative abun-
dancc. Fishcr lvcrc coll.clcd by be:lch seining dur
lng N{av Scptcnrbcr 198.1. 1985. and 1995.

low positive loadings on PC l) l iom introduced
taxa (loadings ) 0.60 on PC 1). The second com-
ponent accounted for'2161, of the variation in the
data set and sepamted taxa (high positive load
ings on PC 2) that were generally associated with
hard substrate (gravel-cobble) habitats from taxa
associated with soft (f incs-sand) sediments. The
three  muior  g roup.  o l  ta ra  were  a  r ra t i re  as .oe i r
tion of chiselmoulh. suckcrs, and sculpins. a na-
tive association of peamouth, northem pikeminnow.
and sand rollers. and a third group of introduced
fishes: pumpkinsccd (.Lepomis glDDo.ras), blue-
grll (L. macruchirtrr), smallnouth bass. white
crappic (Porrrarls anrularis). black crappie (P
ni g ro rnoc ulat us). and yellou' perch.

An ordination of monthly (by year) location
scores on the first two principal conponents ex
hibited both spatial and temporal (seasonal and
annual) trends in clusters ofsampling units. Tem
poral patLcms in groupings of monthly sarnples
concurrcd closely \\"ith the seasontl. annual, and
long term measules of concordance (Figurc ,l).
There was generally little separation of monthly
location scores from within a year at individual
main channel locations. Monthly scores at indi-
vidual main-channel locations also did not differ

I l0 BarJoot, Cadornski. and Petersen

greatly between 1984 and 198-5. howcvcr. 198:l
and 1985 location scores typically differed sub-
staotially from 1995 scores. Monthly backwater
scores showed an olerall grcater amount ofvari
abil ity than main-channel scores. both within a
year and bcLween years. which is consistenl
with the rank measures of assemblage similarity
(Table:t).

The tish assemblages presenl at a location in-
fluenced the groupings of location scores (Fig-
urcs 3.4). For example, introduced tara had com-
paratively high positive loadings on PC l: thus,
monthly samples with high relative abundances
of introduccd taxa have higher scores on PC l.
Samples from Paterson Slough generally had the
highest positive scores on the first componcnt.
pafi icularly during August 1984 and I 985, and
May and June 1995 (u'e were unable to sample
in this area after June 1995). indicating the im-
porttrnce of this habitat to introduced taxa (e.g..
sunfishes and ycllow perch). In Plymouth Slough.
high relative abundances ofyoung-agc classes of
peamouth and nofihern pikeminnow contributcd
to relatively largc ncgative monthlv scores on PC
2, regardlcss ofyear (Figure 4). An increased rela-
tive abundance of introduced taxa in Plymouth
Slough during August 1985, and during July and
August 1995, shifted location scorcs to rhe right
of the ordination. Positive location scorcs on PC
I in 1995 indicate the increasing importancc of
introduced taxa to assemblagc structure at nearly
all main-channel locations. The main channel arca
with the highest averagc monthly PC I scores in
1995 was the lower pool location. where more
than half of all fishes collccted were introduced.
The main channel area with thc lowest average
scorcs on PC I in 1995 was the tailrace location.
an area that harbored a mosdy native tish species
assemblage. Monthly tailrace location ordination
scores also exhibited the least amount of separa-
tion from 1984- 1985 ordination scores: this area
additionally had thc highest, but sti l l  low and
nonsigniticant. measure of concordance ovcr the
long-term sampling period (Table .1).

Water Temperature and Discharge
Patterns

Temperature and dischiuge conditions in 1995 wcrc
generally intemrcdiatc between 198,1 and 1985
(Figure 5). Discharge was lowest in 1985, and
highest in 198,1. with peaks in the hydrograph
occurring in all years during late May or early
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ally, the proportion of introduced sunfishes jn

backwaters increascd from spring to summer
during l98,1and 1985. This increase is l ikcly re
lated to environnental conditions in these areas.
Both slough locations are shallow well vegetated,
and have low $atcr exchange rates resulting in
summer waler temperaturcs often several dcgrces
higher than ncarby main-channel habitats with
greater water exchange (Gadomski and Bartbot
1998). These highcr temperatures iu(] nearer to
optimal fbr sone introduced species such as blue-
gill and smalhnouth bass (Horning and Pearson
1973. Lemkc 1977). Tempcrature is associated
with seasonal movements and distdbutions offishes
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June. Annual $'ater lenperature and discharge
pattems werc invelsely I elated. Temperaturcs were
highesl in 1985 and lou'est in l91l:1. water tem-
peratures carly in 1995 wcre slightly higher (typr-
cally ( 1.5'C) than tcmperatures in 1985 unti l
earl) June. and then were interntediate. Within a
year. main-channel tempcratures \\"ere highest in
late J u11 or e;ll]y August, with peaks ranging from
21.7  to  23 .3"  C.

Discussion

Wc detected both seasonal and long term vana-
tions in tbe makeup of shallow water f ish assem
blages within the John Day Reser'\'oir. Season
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Figure.1. pn ncipal compon.nts (PC) ofdinilion ofmonthl) locarion scores fbr six najorbeach seine sanrpling locrtions. Thc PC

analy\is \a' a\ conducted on ! corrclarion marri:. ofthe monthly carch ofrhe l0 overlll mort abundant Iish |ara jn beach

seine sampl.s collected during spring rnd sul1 rcr 198.1. 1985, and 1995. Blrck cik-lc! represent scores for 198'1

nnnnhlt samples. !r'hite circl.s rcpresent 1985. ard stafs represenl 1995.
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in lentic h;ibilals (Hal1 and Werner 1977, Hubc
and Lackey 1980. Tufescu 199,1. Garret and
Bennett 1995). Thus, higher late summer tem-
peratures may hale caused native taxa to shitt
hrbitat usc out of backwate$, while introduccd
wannwater taxa may hllve moved inlo or remained
ir these areas.

We also observed subslanlial long temr changes
in shallow-water llsh assemblages ofthe John Day
Reservoir. At oul scalc ofexamination, f lsh catch
composition between I9E'1 and 19135 was sini
lar, but was dift'erent t'rom 1995 catches. Two native
taxa assemblages doninated the catch in the ear
lier 198.1 1985 sampling period and appeared to
be generally separated along a habitat gradient
of hard (-sravel and cobble) versus sofi (silt and
sand) substrate types. Thc hard subsffate asseJn-
blage conprised chiselmouth, suckcrs. and
sculpins. Thc chiselmouth is a native herbivorous
cyprinid that is strongl.v associated with hard sub
strates from which it scrapes plantmaterial (Moodie
and Lindsey 1972), and sculpins as a group arc
gencrally l i thophil ic. Chiselnrouth and sculpins
were typically most abundant in low-veJocity
cobble habitats of the tbrebay sanple location.

The second nati!c species association domi-
nant in 1984-1985 $as most abundant over sott
substrates and containcd nvo cyprinids (peanouth
and nolthern pikeminnow) and sand rollers.
Younger age classcs of peamouth and northern
pikeminnow re:rr in sandy low gradient habitats
(Bcamesdeder 1992, Gadonrski et al. 2001), while
sand rollers are particulrrly abundant over sandy
bottoms at nighttimc (Gray and Daub]e 1976).
The highert uhundan. c: ofIhcse lhr<e specie. \ er(
at Plynouth Slough sites and some upper pool
sample locations wilh soft substrates.

The third species asscmblage we identitied was
generally not abundant in 1984-1985. except in
lhu  P i l le rson S lough.  hu t  in  lqQ5 hccrme incrc r .
ingly more impofiant to t'ish asscmblage compo-
sition at nearly all mrin-channel locations. This
assemblage comprised bluegi11. pumpkinseed,
smallmouth bass. rvhite and black crappies, and
yellow perch. All of thcse taxa are introduced and
r lp i . . r l  o l  l i l ke  I i ke  h rb i ta ts .  \  i l h  the  r \ (cp l ion
of smallnouth bass, u,hich occurs in both sti l l
and moving waters (Edwalds et al. 1983).

Thc long-term dillerences in fish assemblages
we observed na)' be due to simple year to year
variation. decadal environmental diffelences. or

to persistent habitat changes related to reservolr
aging. The thrce years of sampling did not allow
us to assess year to--vear variatiQn in an)' dctail,
howcver Similar studies in the basin are unavail-
able fbr compa son with ours, and inlbrmation
is n.ininal on the temporal variability and stntc
lureofshallow water lish assemblages in impound-
ments (Huben and O'Shea l99l).

Gcncral envilonmental conditions in the John
Day Reservoir diflered between the early 1980 s
and 1990's. which could be responsible for ob-
\e r \ed  chrnge\  in  l i .h  la r rn r .  D i .chr lge  reg ime.
in the Columbia River associalcd with the two
sample periods were dissimilar (Figure 6). Dis-
charge has been shown to covary with spring and
summer watcr lemperatures (Quinn and Adams
lqqb) .  tu rh iJ i t ie ' .  r rn . l  le .e r lo i r  \ \  r l c r  rc len l ion
rates. Conditions leading up to and encompass
ing the earlier 198,1-1985 sampling period u'ere
plimarily characterized by abovc avcrage annual
dischargc, while average alnual discharge fbr the
later period rvas generally below the long teln.
averagc (Figure 6). Additionally, in 19113 a water
budget was tidoptcd by the Columbia Basin
h1 r l r r r . l  s rcm.  f  he  gor l  ha .  been to  uupment  r i r  e r
florvs during spring to increase down-rlver mr-
gration rates ofiuvenile salmonids. but this also
has resultcd in lower than average summer flows
(Belggren and Filardo 1993).

Discharge and tempcralure regimes, in pafircu-
lar, can influgnce annual varialions 1n reservolr
fi sh a.semblrge. b) Llit ierenriall1 infl uencing r ear
class sfengths ofindividual species orgroups of
species with similal l i fe histories. For example.
Kallemeyn ( 1987) found a positive relationship
bctwcen percid year class strengths and thcrmal
regirncs. with the strongest year classes being
produced in years vith comparati!ely high, stable
water temperatures. Elevated turbiditics (Milzner
1991) and high reservoir f lushing rates (Walburg
1971. Beam 1983. Maceina and Stirnpert 1998).
both correlates of high rescrvoir inflows. can be
negatively related to crappie recruitmcnt success.
Thus, the high discharge regime during the early
1980's may have favored thc rcproductive suc
ccss of native taxa in the John Day Rcscrvoir.
whilc scveral successive years of lov precipita-
tion rnd runotf in the early l990's might have
favored introduced taxa.

Altcmatively. the long-term changes that we ob-
.er1ed in l i\h J\:emhlagcr mr5 be more per.i.tent
and less rclated to short term. climatically

Colurnbia River Fish Asscmblages 1 13
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influenccd vadatiolts in distribution and repro-
ductive succcss. The trends u'e observcd in 1995
(i.e., an increasing relative abundance of intro-
duced species more typically associated with iake
like habitats) are consistent wilh long-temt, posC
impoundment patterns of assenblage change
dcscribed by Li et al. (1987) tbr rhe Snake and
Colunbia rivers. suggesting that such changcs can
be expected in John Day Resenoir near shore lish
assemblagcs. Similar large-scale pcrsistent shil is
in  p r r . t -1q l lo , 'n1 . .n t  [ i sh  u : rembl re r  eompos i
tion have also been described elsewhere. For ex-
rmple .  in  c  Co lor rdo  Rc 'c r ro i r .  spc i i cs  r 'o rnpo-
sit ion changed substantially over a 6-yr period
trom an asscnrblage dorninated by native ri\er-
ine species to one primadl)i of introduced taxa
adapted to lentic conditions (Maflinez et al. 1994).

The rbundancc ofaquatic macrophyles in John
Day Reservoir, a habitat f'eaturc associated with
resenoiraging, is onc mechanisn that likely intlu-
enced fish rssemblage composiLion over the long

I l4 Barfbot. Gadontski, and Pctersen

term. An increase in the abundance of aquatic
macrophytes in impoundments over time is a pre-
dictable outcome of siltation due to both anthro-
pogenic induced and natural reservoir aging pro-
cesses (Kimmel and Groeger 1986). We observed
lun  abur t t i i rnc< o f  aquut ic  r l l c roph) te .  in  n rany
:hr l l , ,u  a rear , r l  John Dr1  Rereno i rdur ing  l9a i .
whereas invcstigato$ who conducted the earligr
sampling (198,1-1985.) rcported some beds of
macrophytes. pri maril 1- pondw eecl (Po tamo geton
spp.). but at lower densities (Michael J. Parslcy.
USGS, personal communication). In Patcrson
Slough, fbr example. macrophyte abundance (pri-
marily nilfoil.) prevented us fiom sampling with
a beach seine after mid summer in l995. Rooted
aquatic yegelation can play a kev role in altering
the ccologl' of shallow habitats b)' changing wa-
ter circulation patterns, dissolved oxygen. pH, and
the temperature of localized areas (Carter et al.
1991.1. ln Columbia River impoundmenls, these
changes may favor non-nativc lentic lax over
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native riverine species. Macrophyte beds also create
stluclurally complex spau,ning, rearing. and for
aging habitats (Kilgore et l l . 1989. Weaver et al.
l997), which are well-suitcd to many of the in-
troduced fish species (e.g.. blucgill. pumpkinseed,
black crappie, and yellow perch) present in John
Day Rescrvoir

Since shallow littoral reservoir habitats are
rearing areas fol anadronous salmonids. panicu-
larly fall chinook saltr-ton (.Ortcorh-'-nchus
trr4rr\Jsc114) post-impoundment shoreline habi-
tat and fish assemblage changes could be afttct-
ing the suitability of reservoirs for salmonid pro-
duction. However. relatively little is known about
the complex relationship betwecn rcscrvoir fbod
webs, habitat conditions, introduced fish taxa. and
juvenile salmonids. Many inlroduccd fish species
nou, abundant in shoreline and backwatcr areas
ofthe John Day Resen oircould directly prey upon
or conrpete u'ithiuvenile salmonids. although thesc
relationships have generally not been studicd.
Ear l ie r  p redat ion  . tud  ie .  r  Poc  e t  r l .  lgq  l -  \  i " .  e l
al. l99l) in John Day Reservoir did not identify
sunfishes ol yellow perch as important predators
ofjuvcnile salmonids. although crappie and yel

Literature Cited

Bass, D. G. 1 990. St.rbility and pers isrence of fish assemblagcs
in the Escambi.i Ri\er. Florida. Rivers 1:296-306.

tseam. .1.  H.  1983. T|c ct lccto lannual  \a ater  level  manage-
nent on popu lalion trends of r\ hite crappie in Elk Clit,v
Reserloir. Kansa\. Noih American Journal of Fish-
eries \,lanrgement I :3.1',10.

Bcamcsdcrlir. R. C. 1992. Reproduction and earlt life hir'
lory of northcm squa\!1lsh. P^(ho(lrci1us oreganensll,
in ldaho's S!. Joc Rilcr. Enlironmental Biolog) of
F i s h e s  1 5 : 2 3 1 - : 1 1 .

Bennel t .  D.  H.  1999. So many predator \  resident  f ishes
$hat nccds ro bc doncl Pages 197 202 1, Oregon
Department of Fish xnd Wildlife and \ational NIa
rinc Fishcrics Scr\ice (ediror). ManageDent Impli-
cations ofalo-occuffing Nalivc and lnlroduced Fishes:
Proceednrgs of r $brk\hop 27 -18 October. I 999 Porl
land. Oreg0r.

Bcrggrcn. T. J.. and !1. J. Filardo. 1993. An rnall\is of vari-
ables influencing the ffigrition ofju\cnile sxlmonids
in the Columbia Rner Brs in.  North American Jour
nal of Fishcrics \{anasemenr 13:,18'63.

Carpenter, A. L.. W N. Jessee. and D. A. Rundstronr. l9lj1.
E\alualing communiry simil:rity: .ln erplorutor]
mul t ivaf iate anal \ ,s is .  Pagc\  369 375 1,  N.  B.
Arm.rntrout (editof). Acquisition and Liilizalion of
Aquatic Habitat Inventofy Infomation. Procecdings
of a s,,'mposium 28 30October 1981Por1land. Oregon.

low perch diets in some locations ofthc impounded
Iower Snake River comprised 20-257a juvenile
salmonids (Benncn 1999).

More infbrmation onhow shofi- and long-term
changes in near-shore habitats and fish assem-
blages allect anadromous salmonids would aid
ongoing rccovery effbrts in the highly regulatcd
Snake and Columbia Rivers. Thc last majorpopu
lation of main-stcm Columbia River fall chinook
salmon is in the unimpounded Hanford Reach.
an area where introduced taxa rcpresent only a
minor componenL of the fish assemblage (Li et
r l .  lq87 \ .  Th i \  5ugge\ ls  lh l  managcmcn l  a ( l iun \
that may partially rcstore riverine conditions and
natural tlsh assemblages to impounded reaches
ofthe Snake and Columbia rivers may ultimatelv
bcncfit salm0nid prcduction.

Acknowledgements

We thank Jennifer Kelly for tield assistance. and
Samuel C. Lohr and two anonymous rcaders for
revieu'ing the manuscript. This work was f'unded
by the Almy Corys of Engineers.

Carter. V.. N. B. Rlbich. and R. Hammerschlag. 1991. El'
fec lsof  submcrscdmacrophl lesondissolvedo{tgen.
pH. and temperaturc under dilferent condition\ ofwind.
tide, and bed structure. Joumal of Frcshwater Ecol-
o g )  6 : l 2 l  1 3 3 .

Ebel \V. J.. C. D. Becker. J. W. Mullan. ard H. L. Rar mond.
1989. The Columbia Rner -  toward a hol is l ic  un
derstandlng. Pagcs :05 2191" D. P Dodge (editor).
Proceedings of the tnlemai onal Larye Ri\ er Sr mpo-
sium. Canadian Special Puhlication of Fishcies aDd
Aquat ic Sciences 106.

Edrvards. E. A.. G. ccbhan. andO. E. Maughan. 1983. Habitar
suitability infornrationr Smallnouth bass. Lr.S. De-
partnenl of the Interior. Fish and Wildlifc Serlice
f \ \ S  o t s S  . l '  l 0 . r b .  $ x . n  , ! r o n .  D . (

Finger.  T.  R. . . rnd E.  M. Stewar.  1987.Respon\cof l ishesto
fl ooding rcgime in lowland hddlvood \\'etlands. Pagcs
86-92 /n W J. IUathc$s and D. C Heins (editors).
Communitt and Evolnionary tuo]og] ofNofthAmeri-
can Sire.rm Fishes. llnilersit! of Oklahutu Press.
Norman. Oklahoma.

Gadomski D. N{., and C. A. Barlbot. 1998. Diel and distri-
butior l abundance patlerns olfish embrtos and l.rr
vae in the lowcr Clolumbia ard Deschutes rivers. En
l i ronnenral  Bio logy ofFishes 5l :353 368.

Gadonski. D. M.. C. A. Baribot J. M. Bayer. and T. P Poc.
2001. Earll life hislory of the nofihern pikeminnow
in the lo\\'er Colunrbia Riler Basin. Transactions of
the ADrefican Fisherles Socicrv l10:250 162.

Columbia River Fish Assemblages I l5



Gancl .  J .  w. .  and D. H.  Bennel l .  1995. Scasonal  movements
of  adul t  bfo$n t rout  re lu l i \c  to tc peralure rn i r
cool$ ar cr rcscrvoir. Nofih Anerican Joumal ot Flsh
cr ics Management I  5: .180,181.

Cray.  C.  C. .  Palmer.  D.  E. .  B.  L.  Hihur.  P J.  Connol l ) .  H.  C.
H r n  ( .  J n J  t  \ l  t s i \ e r .  t o R l  F ( c J r n c  r c l \  r ) . r J ' e

of consunpdon. dailt ration, lrnd prey selccdon of
maior predrtor! in John l)af Resentir. Unpublish.d
Annual Repofi to Bonne!illc Polr'cr Administr.rtion.
Portland. Oregon.

Gm!.  R.  I1. .  and D. D.  Dauble.  1976. Nes dis l r ibut ion recofds
and nolcs on l i l t -h istofy.rnd beha\ iour o l  thc sard
rol lcr .  P?r. .1)r l l  l rd sntonldna (Eigcnmann and
Eigcn annl .  S)esi \  9:369'370.

Grtl!. R H.. and D. D. Dauble. 1977. Checklist and rclati\'!'
abundance offish \pccics from the Hanfbrd Reach ol
the ColuDrbirL Ri \e l :  North$est  Science 5l :208-215.

Gfossmun. C. D. .  P B.  I , loy le,  and J.  O. whi la l icr  198: .
Sbchastici!v in structufal and lunclional characteri+
lics of |1n Indiana stfearn lish assc blagci a test of
communil) lhcory. Americrn N.rturalisl 120i,113 ,15,1.

Hrtll. D. J.. ,lnd E. E. wirnef. 1977. Serson.rl di\lnbulioD and
rbund.lnce offidres in the littorul ronc of a \'{ichigan
l*e. Trmsactions ofthe American Fisheries Socicl)
106:5.15-555.

Hoff.:\4. H.. and C. R. Bronle. 1999. Strucrure and st.rbilit)-
ofth. nidsu meffi\h c(nnlnunilies il1 Chcquamegon
Ba,,-. Lakc Superior. 1973-1996. Transaclions of the
Anr! ' r ican Fishef ies Socier)  118:361 373.

Hornmg. W 8. .  11.  and l t .  E.  Perfson.  1973. Crowth rem-
pcrtrlLrc requirenrents irnd ILN!er lclhal tcmperatLues
lor ju\cnilc sinallmouth brs\ ( Mi o opro| s loloni? ui).
Joufnal of the Fishcric\ Re\e ch Bo.rd ol Canada
- 1 0 : 1 2 1 6 - 1 2 3 0 .

Hubci. w'..\.. and R. T Lacke)-. 1980. tlahitat ofaduk \maLL'
mouth bass in a Tennessee Ri!er feserloir. Tra sac
t ions ol  r lc  American Fisher ies Socie l )  109r36,1 170.

Huber.  W A..  and I ) .  l .  O'Shea. 1991. Tcnporal  pat tern\  of
the slnrll iishcs in the littoral zone ofCralrocls Rcs
ervoir .  Wlo ing.  . lournal  of  Fresh$al . r  Ecolog, \ '
6 : l 0 l  1 1 1 .

Kt  lc  c)n.  I - .  \ \ i  1987. Correla l ions ofrcgulated lake le\e l \
and climatic lactors $ilh abundance oftoung 01:lhc

]car wal leye and yel low perch in four lakes in
V)) rgeurs Nal ion al Park. Nofih American Joumal of
Fishef ies Managemcnt 7:5 l  l  521.

Ki lgore.  K.  J. .  R.  P N{organ, I I ,  rnd N. B.  R}bicki .  1989.
I)istribution and aburdarrcc offishes associrLred wilh
submersed aquaric plants in $e Potomac Ri! cr. North
Aner ican Journal  of  Fisher ies N1aMg.ncn!  9: l0 l -
1 1  l .

Kimrncl .  B.  L. .  and A.  w.  Croeger 1986. L imnological  and
i ( '  , ' f r . r .  ( h - r , ! ( '  r . . o .  r r i d  \ i r h  r e  e  \ u ' r  ' I  n i

Pages 103 109 / ,  G.  E.  Hal land M. J.  Van Den Aly le
(editors). Reser!oil Fishcries Nlanagement: Strul€gics
1or rhc ito s. Reservoif Committee. Soulhcm I)ivision
Aineric.rn Fi\heries Socicl). BeIhesda. Maryhnd.

l-emke. A. E. 1971. Opdnrum tempemture fbr gro\rth oiiuvc
nile bluegills. Thc l'rogre,isive Fi\hCultudsl39:55 57.

Li .  H.  W. C. B.  Shreck.  C.  E.  Bond. ard E.  Rcxstad.  1987.
Factors influencing chargcs in tish assemblages ol

116 Barfbot, Gadomski, and Petetsen

Pacific Nodh\\'est strealns. Pagcs 193 202 /n w. .1.
Nlat thews and D. C.  l lc i r rs (edi tor t .  ConmuDif  rnd
E!ohr ionart  Ecologt  o l  Nonh AmericaD Strern
Fishes. Uni\ersir) of Olihhona Prcs\, Nomrar, okla'

L icbatouich.  J.  A.  1999. Salmon wi thout  r i lers:  a l is lo l !  o i '
dre Paciiic salmon cnsis. Island Pre\s. nirshington,
D.Cl . .

Mrceira. NI. J., and \,1. R. Stimpefi. 1998. Relations belween
rcscr!oir hydrolog) and cr.rppie recnritment in A1a
bana. \orth American Journ.rl ofFisheries Nlanagc
ment I  8:  l0. l -  1 13.

Nlalon.R., S. K. Bro\ln. K. Cl.I Z$anerburg. D. B.Atkinson.
K. R. Buja, L. Claflin, G. D. Howell, Nl. E. Nlonaco.
R. N. O Boyle. and NL Smcl.rir. 1998. Assemblages
and biogeoenph] ofdemersxl [shcs oflhc cast coast
ofNorth America. Canadian Joumal |)1 Fishcics and
Aquai ic  Sciences 55:170.1 1738.

Martincz. P J.,'l E. Chan. Nt.A. Tranxnell. J. Ci. Wullschleger.
t r n J  L .  n  B < r ! d . .  I  l ' r ' r j  F . L . l ' i c i e . . o n p u . ' r i u l
belbre and ailcr construction of a maln sten reser
voir on the White Ri!er. Colorado. Environmenial
Bio logy of  Fishe\ ,10:227 139.

Matthews. W J. .  R.  C.  CashDcr.  and F.  P Gel \  ick.  1988. Sia-
bility and persislerce ofilsh faunas and assemblages
in thfee midleslcm strcams. Cof e ia, l :9.15-955.

\,leffe. G. K. , and ,A.. L. Shcldon. I 990. Poscdefau nrtxn re
corery of iish assemblages in southeaslen blackwa
tcr  s l rcains.  Ecology 7l :657'667.

Nleng,  L. ,  P B.  Mo) le.  and B.  l lcrbold.  199.1.  Changes i r
abundance and dislribution of native and introduced
lishcs of Suisun \farsh. Transaclions ol lhc Amcri
can Fisheries SocieN I 23:'198-507.

Viuncr. I-. 1991. Effects of en\ironmenul lariablcs upon
crappic young, ,vear-c lass srength.and the sponlishcry.
Nonh American Journal ol Fisheics Nlanagc cnt
I  l :53,1 5.12.

N{oodie,  G. E.  E. ,  rnd C. C.  I - indse,v.  1972. L i fe-history of t t
unique crpin id i ish.  lhe chiselmouth (Acto(h( i l t !s

dlxd&' . r r ) .  in  Bf  i t ish Columbia.  Syesi \  5 i55 6 1.
lvlo)lc. P B.. R. A. Daniels. B. Herbold. and D. M. Ilal!7.

1986. Prt terns i r  d is l r ibudon and abundance of  a
noncoevol\,ed asselnblage olcsruarinc fishes in Cali-
fomia.  Fi \het  Bul le l in 84r105 I  17.

\ r p r o .  \ .  \ .  ' L J i l u r '  l L r d d .  \ r r r u .  J n d  r r h i r .  r e o  r i r i r n i n l
ofwhile nurgcon populations in the Columbia Ri!er
dornslrca iiom N{cNary Dam. UnpublishedAnnual
Retort to the BonDe!ille Pow.rAdmininration. Port-
land. Oregon.

Palnref ,  D.  E,  H.  C.  Hanscl .  J .  Ni .  Beyef .  S.  C.  Vigg,  \ \ : .  T.
Yasutake, P T. LoI"\. S. D. Duke. N4. J. Pa|sley. Nt. G.
\Iesa. L. A. Prcndcrgast, R. Burkh dt, C. Burle""-. D.
W Eib,  ard T.  P Poc.  1986. Feeding acr i l i t ! ,  rate of
consumprion. dail,v fation, and pre)_ seleclion ol ma
jor prcdators in John Da) Reserloir. 1985. tinpub
lished Annual Rcpofl 1o the Bonnerille Powef Ad-
ministr.rri|)l1. Porlland. Oregon.

Prrs l . r ' .  N{.  J . .  L.  G. BeckDran,  aDd C. T.  Vccabc.  199-r .
Spawning and rearing habilat use by whit nurgcons
in thc ColumbiaRiverdownstrealn liom NlcNary Dam.
Transac! ions of  the Americrn Fished.s Socic ly
t22:211 -111 .



Poe. T. P, H. al. Hansel. S. Vigg. D. E. Palner. and L. A.
Prendefgrst .  1991. Feeding ol  prcd&eous f ishes on
out-nieratrng ju\c. i ]c  salmonids in John Da) Re\ef-
\oir. Columb;a Rircr. Transaclions oi lhe American
Fishef ie\  Societ i  l l0 : .105 ,110.

Poe. L P.  R.  S.  Shi \e ly.  and R. A.  Tabor.  199, t .  Ecological
conscqucnccs oi  inuoduced piscn'ofous f ishes in the
lo$.r Clolunbia:lnd Snrke Iner\. Pages 3,17 360 /n
D J.  Stoudef,  K.  L.  I resh.  and R. J.  F. l lcr  (edi iors)
Theory and, \ppl icat io.  in Fish Feedirg Ecolog)- .
Uni\'ef\it\' of South Carolina Prcss. Columbi.r. South
Carol ina.

Quinn. T. P. and D. .1. Adams. 1996. En!iromlental changes
afiecting the migratorl ti ring olAnerican shad and
sockc--c salmon. Ecology 77:1151- I  162.

Rosc.  D.  R. .  and A.  A.  Echel le 1981. Factor  analvsi \  ofa\
sociutions oflishe\ in Litde River. centralTcxas. $ith
and interdr.li.agc compiuison. Anerican N{idland
Natural is !  I  06:379 391.

Ross.  S.  T. . . , .  A.  Uaker,  and K.  E.  Clark.  1981. Nl icrohabi t . r t
parnlioning oi sourheastem strean fishes: remporal and
sfratlal prediclabililv. Pagcs ,11 51 1, $'. J. \{atlhe\!.s
and D. C. Hcins (cdirors). Conmunit] and E\lrhrion-
aD Ecology ol ),lolth Arnerican Soeam Fishes. L.i
lersity ol Okhhoma Press. r-onnan. Oklahoma.

Ross S.  T.  W J.  Mattheqs.  and A.  A.  Echcl lc .  1985. Persis
tence of strcar]r fish asscilblages: eftects ol envrfon-
mental chansc. Thc Anrcrican N.rturalist 116: 2.1-.10.

Ret:aived l1 Mtt 2001
Atcepted.for ptrh[k:dtion 23 December 2001

Schoener.  1 ' .  W 1968. ThcAnol is l i rardsof  Bir rurr : .es( ,urcr
par i idoning jn aconplcr  iauna. Ecology'19:701 726.

StrcnmNct. :001. Strean\et Fish Data. A|ailablc onlin. at
http://$ $ w. stfealnnet.ofg/on line data.hllnl.

Tufi\cu. !1. V,A.. 199.:1. Seasonal variation pattcms ol lhe
lish connnunity in the litloral r alcrs olnorthern Lrke
Ontario. ihc Pickcnng Darlington area. Hydrobiologia
2 8 1 : 1 1 1  1 5 , 1 .

USGS. 2(X)l. Ll.S. Geological Survcy calende| rer|r streamflo\,
star is l ics ior  Oregon. A!ai lable onl ine at  ht lp i / /
waterusgs.gor /or/nwis/annual.

Vigg.  S. . l  P Poc.  L.A.  Prcndergast ,  rnd H. C.  Hansel .  1991.
Rates of con\umplion C)l .iuvenile salmonids a.d al
ternarivc prcv iish b) nofihern squa$fish, $al1c\cs.
smal lmouth bass.  and channcl  cal l i \h in John Day
Reser!oir, Columbia Ri\er Transictions of theAlneri-
crn Fidrer ies Socict \  120r.121 138.

\ \ ' r lbufg.  C.  H.  1971. I -os\  of  )oung f i \h in resenoir  d is
chargc and,"-eirr class survival Lelvis and Clarl Lake.
Nl issour i  Rner.  Pages, l l l - : l l8  / r  Ci .  Hal l  (edi tor) .
Rcscr\oir Fisheries and Limnologl'. Amcrican Fish
cricr Soci.ty. Speci:tl Publication 8, Bethesda. Nrar]
land.

\ \ ta\cr  Nl .  J . ,  J .  J .  Nlagnuson. and Ni .  K.  Cla) lon.  1997. Dis-
dbulion ofliftoral fishes in nructuralh complex mac-
rophytes. Crnadian Journal of Fjshcries and Aquatic
Scicnccs 5.+:2277 2289.

Columbia River Fish Assemblages 117


