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Abstract
The obiectives of this \tudy wetc 1() chamcterize and compare the slomach conrents and feeding success of yearling chinook
salN)n smolis (Or.d/h ai*ar tslrai1-r'ts.la) during their downiiream migration at ihrce sites in the Snake and Columbiu Riveri.
Fron 1987 to 1991. 26 to l8% ol |he yeafling chinook s.rlnon smolls sampled as rhe! passecl Lower Cranite Dam. rhc lirst d:rm
cncounlered bv ligftnts in the Snakc River had empt) slomachs. 1n 1991. smolts we.c sampled further dowDstream at McNaN
a . d B o n n e v i l l e D a m s o n t h e C o l u m b i a R i v e r o n t h e \ a m c s a m p l e d a t e s . E m p t y s t o m a c h s o i e u r r e d i  t r d n J 5 , . o r r h c \ c r i s ; ,
respccti!el)-. rnd overall slLrDrach l-ulhcss !ulues were signilicantly higher. Smolts are frimarily dipterans (chirononids) ar Lolver
Granile Dam; cladoccnns. homopterans. and dipterans al McNrry Damr and amphipods and tliprirans at Bonneville Dam tara
rypic.rl ofimpoundcd wrtter\. A serics ol dams on the Snake and Colunlbia Rivers has altcred the conditions.rnd habitat available
lbr migraiing juvenile salmonids ard contributed to their decline. Larye numbers oi harchefy smolrs. long residcnce times,
altered lbod rcsource\. and rescr! oir morpho logy may conrfibute !opoorl-eeding succcss neaf Loner Grunite Dam and could lead
to reduced srrolt survi\'al.

Background

Salmonid smolts activcly feed during their down-
stream mtgratloD (Becker 1973; Muir and Emmett
1988; Sagar and Clova 1988) to supply needed
energy for the rigorousjourney that may last nany
weeks, covering distances of 800 km or more.
Metabolisnr increases during the pan-snntt tans
fbrmation that accompanies downsbeam migration
(McCormick andSaunders 1987: Famerct al. [978)
and as water temperatures increase in spring. thus
placing lurther cnergy demands on smolts.

Hydroelectric dams on the Snake and Colum
bia Rivcrs have creatcd slack-water rcservofus thal
have increased travel times lbr migruting salmo-
nld smolts. thercby contributing to a decrease in
sul",/i\al (Ravmond 1979). Hatcheries have been
built to oilset losscs in wild srocks. In 1993, ap-
proximately 81.3 million salmonids were released
upsffeam of Bonnevil le Darn, of which 16.6 mil
lion were released abovc LowerGranitc Dam (Fig
ure 1) (FPC 1994). Yearling chinook salmon (Or-
corhlndut tshaw)tsc*a) of hatchery origin often
arc releascd ils inadequatcly developed smolts (Zaugg
et al. 1985), a condition resulting in slow rnigra-
tion. For example, yearling chinook salmon re-
leased in late March or early April lrom Dworshak
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National Fish Hatchery in Idaho. rook 3-4 weeks
to travel to Lower Granire Dam (Muir et al. 1994).
Historically, 3-4 weeks was sufficient fbr the en-
tire migration to the ocean, 696 km downstream
(Raymond 1979). Recent estimates of moftality
lbr hatchery yearling chinook salmon migrating
fiom release site to Lower Granite Dam tailrace
have ranged from 21 ro 83c/o (Muir et al. l995).

In addition to the reduced flows caused by res-
ervoirs, the slack water has led to increased sedi-
menLil i ln. Lo!.\erCritnile Resen or r contains r..11
line sediments with high organic content. This
sedimentation has led to a benthic community in
Lower Granite Reseryoir that is low in diversity
and dominated by oligochaetes and chironomids
(Bemettetal. 1990). Reservoirsdownstreamfronr
Lower Granite Dam in the Columbia River gen-
erally have coarser sediments (Ebel et al. 1989)
and greater benthic diversity (Panley et al. 1989).

The combination of large numbers of hatch-
ery smolts, Iong residence times, altered food re-
sources, and reservoir morphology may contrib-
ute to poor feeding success near Lower Granite
Dam. This may lead to decreased smolt condi-
tion and eventually to reduced smolt survival. Since
hatchery stocks generally enter the reservoir first
and reside for an extcnded period, hatchery
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production could deplete fbod resources avail-
able to latermiglating wild smolts, stocks recently
listed under the Endan-sered Spccics Act (NMFS
l99 t .).

The purpose of this study in 1987 and 1989
was to characterize the tbod habits of migrating
yearling chinook salmon smol1s at Lower Gran
ite Dam. Based on the results obseryed in the
tlrst two years, thc study arca was expanded in
l99l to compare their fbod habits and feeding
success to sites downstream in the ColumbiaRiler.

Methods

During 1987 and 1989, freshly kil led yearling
chinook salmon smolts were collected trom a tur-
b rne  in t l ke  a t  Lowcr  Cran i tc  D i lm dur ing  te . t .  to
deterrnine the fish guidancc cfficiency (FGE) of
submersible traveling screens. Fish were taken
from fyke nets suspended belo\\" the tr-aveling
screen te collect smolts passing undcrnealh.

Samplcs wcrc collcctcd bctwccn 2000 and 2200
b each evening on fbur dates in 1987 and three
dates in 1989, over the spdng smolt nigration.
Samples sizes varied between years (Table 1).

During 1991, freshly killed snolts \\,ere col
lected frorn turbine intakes at McNary and
Bonneville Dams (Figure l) once per week dur-
ing FGE tests. At Lower Granite Dam. no FGE
tests were conducted during 1991, so live smolts
were sampled frorn the juvenile fish bypass sys-
tem as they exited the bypass channel (Matthews
et al. 1977). Smolts were sampled simultaneously
(same day and timc, n = 20 at each site/day), over
a 4 to 5 week pedod during the migration. No
attempt was made to distinguish between smolts
of wild orhatchery origin, although hatchery fish
predominated at all three sites. Yearling chinook
salmon were smaller at Lo\\"er Granite Dam av
eraging 12:[ mrn (s.e. 1.3) in fork ]ength com-
parcd to 142 mm (s.c. 1.9) at McNary and li12
mm (s.e. 1.6) at Bonnevil le Dam.
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TABLE 1. Strnplc fulcs..umhers sampled. nunbef empty (e) and slomach co.rc.!s (percent IIII) ofleading chinook s.rlmon at
ftrcc dams on the Snake and ColLrlnbir Rivers. Onl) lRI \ alucs >3rti are sho$ n. Iltl = Index of Relrtive Inpofiance.

S.rnplc drtc
Dip Cole Homop- H]men- Thlsur' Trich Amphi Clado

optera tefr optcra optcra optera poda cera Fish

Lower
Granire

Ntc\aN
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l 98 l  Ap r  lE  l 0
Apr 21 20
Apr 29 l8
N{r) l l0

1989 Apr 16 10,1
Apr 2-l 61
Apr l7 89

l99l Apf l5 20
N{a} I l0
\la-r- 9 l0
\1.r) 1,1 l0
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To retard digestion of stomach contents, fish
stomachs wcrc injected with an 8% fbrmaldehyde
solution in 19117 and 1989 or placed on dry ice in
l99l as soon attercapture as possible. Late! stom
achs rlere removed and placcd in individually
labeled vials containing 70% ethyl alcohol for
storage.

Stomach contents were identif ied to the low-
est practical trxon (order for il'rsects and species
for amphipods). Prey items wcrc weighed to the
nearest 0.001 g atier bloting and air drying for
l0  n r inu tc ' .  Wher r  p re l  i le r r | '  uc rc  no l  in la (1 .
head capsules uere countecl, and bocly parts were
combined for weighing. The numbcr wcight, and
frcqucncy ofoccurrence offbod items rverc uscd
to calculate thc Indcx of Relative Inpofiance (IRI)
(Pinkas et al. 197l). convcrtcd 1o percentages tor
each sample site and datc. The percent empty
stomachs, ard in 1991. mean stomach fulhess
(Teny 1977) ranging l iom I (cmply) to 7 (dis
tended) rvere calculated for cach site each week.
Mean stomach lirllness values anrong sample sites
firr I 991 wele conpared using the Kruskal-Wall is
nonparamctric analysis of variance.
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Results

During 1987. yearling chinook salmon smolts at
Lower Granite Dam ate primarily amphipods
(Corophiunt spiniulrie) and dipterans (chirono-
mids); during 1989 and 1991. dipterans were the
predominant prey item (Figure 2). The propor-
tion of dipterans in the diet generally increased
a.  rhc  l car l ing  ch inook  .a ln ron  doun i t le rm nr i -
gration progressed in time (Table 1 ). Various ter-
restrial insect orders including Coleoptera.
H(nnoptera, Hynenopten, and Thysanoptera also
were consumed during the 3 yerrs at Lowcr Grunitc
Dam (Table l).

At McNary Dam, .veallirg chinook salmon
smolts preyed primarily on cladocerans, homopter-
ans. and dipterans (chironomids) during 1991
(Figurc 3). At Bonnevil le Dam. amphipods
(Coruphitrnr) and dipterans (chironomids) were
the prinrary food items although hymenopterons
and homopterans vere also consumcd rcgularly
(Figure 3). The proportion ofamphipods gener-
ally increased as the yearling chinook salmon
downstream migration progressed in time at
Bonnevil le Dam (Table l).
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Yearling chinook salmon smolts collectcd at
LowcrGranite L)an did notfeed as much as sn.Iolts
collccted at downstrcam sites. From 1987 to 1991.
empty stomachs were observed in 26 to 38%
(yearly avcragel of the yearling chinook salmon
smolts samplcd at Lower Granite Dam (Figurc
2). In 199l. this conrpared to 37. and 5ol. empty
stomachs (yearly average) in yearling smolts
samplecl dorvnstream at McNary and Bonnevil le
Dams. rcspectively, on the Columbia River on
the same samplc dates and times (Figure 3). Fur-
lherm,  \ rc .  n tc l r )  s lomlch  lu  l lne . \  \  i r l l l e \  $  (  rc  \ i8 -
nif icantly lorver (F = :11.3. 2 df, P < 0.000l) at
Lou,er Cranite Dan than at downsffeam sites in

1991 (Figure,l). Stomach tullness averaged 2.2
at Lo$,er Cranite Danr, whereas at McNary and
Bonnevil le Dams. stomach fir l lness averaged ;1.1
and 4.0, respectively.

Discussion

We tbund that t'eeding success ofyearling chinook
salmon smolts collected at Lower Granitc Dam
*as significantly lower than feeding success of
smolts collected at downstream sites during 1991.
Mcan stomach fullness values from McNary and
Bonnevil le Dams during l 99l were similar to
levels reported in the lower Columbia River by
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Dawley et al. (1986). a fullness levcl they con-
siderecl inadequate. but sri l l  substantially higher
than those observed at Lower Granite Dan.
Bennett (personal communication, D. Bennett,
University of ldaho) found that chinook snolts
generally had full stomachs in Lower Granite
Reservoir upsteam f(tm wherc fish were collected
forthis study. A possible explanation fbr.the dif-
ference is the morphology of Lower Granite Res-
ervoir. Bennett tbund shallou'water habitat in
Lorver Granitc Reservoir to be intportant feed-
ing areas for nigrating salnonid smolts. and that
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I Hymenoptera

E Cladocera
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E Amphipoda
E Dlptera

most of the shallow areas occur in the upper end
of the reserloir (Bennett et al. 1990). The lack
of shallow feeding sites in thc firrebay of Lower
Granite Dam could be responsible for the lowcr
feeding success observed at this site. Furthcr-
more. yearling chinook salnon may spend con-
sidelablc time in Lower Granite Dam fbrebay
betbre they pass the dan. Thorne er al. (1992)
dctermined in a 1989 hydloacoustic survey that
the majority of fish in Lower Granite Reseryoir
accumulate in the forebay area. Thus. tish wc
collected at the dam may not have eaten for some
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Figurc -l lnder of Relali\e lmportrLnce (lRl) of food ilcns 1i). teariing chinook salmon sanDteLi at l-o$cr cfanilc ILGR).

NIcNar\  (MCN),  and Bonnel i l le(BON) Damsduing 199t .  Ont l  IRI  latuc\> 3. , t  arc shou,n.  The numberot  f ish
lampled (.) and the nurrbcr of empry ston.rchs (e) arc at$ \ho$n.
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t ime pr-ior to caplurc. Similar delays in passrge
have not been docurnented at downstreanr dams.

Salmonids arc oppofiunistic feeders with theit
diet generally ref'lecting iDvertebratc drifi avail
abil ity (Ell iot 1967: Sagarand Glova 1988:Rondod
e t  a l .  l q q 0 r .  r l t l r , ' u ! h  . o m e  \ c l c c l i i , n , , c c u r \
(Grift ' i th 197.1; Ringler 1979; Sagar and Glova
1987). Thc dit ' fbrence in overall food habits of
fish between dams and bctween years at Lowcr
Gran i te  Dum pr , 'h rh l1  r '< f lec t  r l i t l c rc r r ie .  in  p re l
availabil itv.

There is little infomalion on tirod resourccs
availablc to migrating salmonids in Snake and
Colunbia River rcservoirs. In Loucr Grrnite
Rcscrvoir. Bennett et al. (1990) tbund chirono-
nids and oligochaetes to be th(] only abundant
organisms in benthic samplcs. Rondorfet al. (1990)
repofied cladoccrans and terestrial insccts to be
the most abundant taxa in zooplankton and ln-
sect dlift sampling in McNary Darn fbrebay in
summer Muir ( 1990) sarnpled the epibenth ic dritt
just below Bonnevil le Dam over a three year pc-

riod and tirund Corophium spp. to be the most
abundant drift organisms $'ith highest numbers
occuning in May. coinciding with the peak mi-
gration of yea[ling chinook salmon. Corctphiunt
spp. also were tbund to be abundant in benlhic
samples in Bonnevil le Reservoir (Parsley et al.
1989) .

Hatchery salmonids have been found to be
incff'ective predators immediately alicr release
(Ware 197I:Sosiak et al. 1979: Ersbakand Haase
1983). Howcver. this should not have afTectcd
the results observcd in this study. The long resi-
clence time for ycarling chinook salmon in Lower
Granite Reservoir should have provided adequate
time for adjusnrcnt b eflectivel)i t'eed in their
neu environnent. Paszkowski and Olla (1985)
deternrincd that coho salmon (O. liirrtclr) smolts
switched readily fiorn artificial to natural tbods
fuh ich  th<1 prc fe r lcdr  in  I  m l r ine  enr  i r , ' nmen l .
Furthernole. hatchcry stocks also prcdominated
at Bonneyille and McNary Dams, whcre t'eeding
success uas nuch higher
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With incrcasing hatcherl' production and long
rcsidence times in Lower Granite Resen'oir. the
carrying capacity of this reach (or portions of it)
nra1, be exceeded. resulting in smolts ofpoorquality
that arc unable to resist disease or predation. Star
vtrtion could reduce smolt survival by affecting
smoll development (Virtanen and Soivio 19E5.
Fowler l99l ), swimming pedbrmance (Snyder
19801, making them more susceptible to disease
'Sn)d( r  l ( ,U0, . , ' r  b )  imnr i r ine  l ' i .h  in tmunu rc -
sponse (Landolt 1989: Henken et al. 1987). This
could contribute to thc high post-rclcase mortal
i1), (Muir et al. 1995.) and poor adult returns
(Matthews and Waples 199l) reported fbr hatch-
ery yearling chinook srlmon in this rcach. There
:rrc probably other areas where food availability
or potential feeding sites are l imited along thc
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Snake and Columbia Rivers migration corridor
rvithin the series ofimpoundnents between Lower
Granite and Bonnevil le Dams. The relation be-
trveen reduced feeding success and migration aDd
survival of yearling chinook salmon is presently
unknorvn and should be exanined.
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