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Abstract
We rlorrrnrjttd the {eednrg behavior oi$ild r:utthroat rrour L}nrorhrra,Aas darAl, a major plscirorr:. prio to the planned enhrnrr:

mcrrr oljurenile socke_ve si^"" 0*tnrynchu nqka. a |,)Lc,nill prer species in Lakc V ashiigtor. Food habirs ol ,r,Lthr)ar t.our

chang.d with bodr size, season. and rime of dar. Cullhrolr t.,n,L are iDrertebLrtes ll)eplrnit prLLi.ana, ,Von rris zercedjs, ard tai-

ous iNe.rs) unril rher- rcach.d a large enough size (s(ncrrllr when fork length is |rngd than 250 mni) ro captuk snrall fishes.

S(iasonal .hanges in lhe disrriburi(r ,)f.utthroar lrour corrcsponded Nirh thll ol lh(ir tri'na.v pre-l, the longlin smi:lL" .ip;rarrnui

rlnleiciri$. when it rm orilabl. Jncrile -.ockeve srlmon sas a relatireh minor constiuint of the diet. Cutih.oar ru,t a|p(iar

ro litd primarih ni the Lillorll !n(l upper limnetic zones, und rcspord to the diel ud rasnal diffferences in accessibilit! ol prer

in rhese zores. This suggcns thar p.edaddr on julenili: sockerc salmon br cutrlrro{t r.ouL dighl iD.re$e irr responn, lo (inhan.e

!r.rt measures or to d(tin.s nr lhe longfin smelr pot,uldtio..

lntroduction

Temporal changes in prev distribution can inllucnce
the feeding beharior of a predator. Seasonal shilis
in the abundance, availabiliL,v, or vuLrerability of
prey arc frequently reflected in a predator's diet.
The diel feeding chronologl of a preclator might also
be influenced by dicl changes in prev distribr.rtion
which can clirectly aIlect prey ar.ailabilitv or vulner

ability (Eggers 1977. I 978; Clark and Lery 19BB).
A description of the sea-sonal. diel, and onlogenelic
changes in the food habits o{ a prcdator pop .rtion
is essentiril fr-rr determining thc mcchanisms ol
predator'prev intcracti()ns.

Cutthr-{ral trout. Oncorhmthu t:larhi. are top
predators in many lakes in the $'estcrn United
States. Lacustr ine populat ions general ly reside in
littoral and limnetic habitats, and erploit fish and
inverlcbrates eornrnonlv lbuncl in these zones (Id-v[l

I  942. Trojnar and Bchnkr 1974. Andmsak ancl
Northcote 1971, \ i lsson and Nonhote 1981,
Hindar et al.  198{1, Stables I9B9). Lit t le empha-
sis has been placecl on thr: diel and seasonal varia-
bilitl' in food habits of piscivorous cutthroal lrout.

hu r ' . ' e r .  l r r  l l r c  f f e - cn l  - t r r , l r -  r .  . r rm i r re  l cm-
poral and ontogenetic shif ts in the food consurned
bv subadult and adult cutthfoat trout in Lakc
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Washington. and relate this r.ariability to temporal

changes in thc availability and vulnerabilitv ofprey.
'l'he 

Wa^shington Depa.rtment of Fisheries plans

to construct a sp qnin€i channel and/or hatchcry to
enhancc the production of sockcyc salmon (On-

arlnnchus ncrl;a) smolLs. At ma.ximum ctpacitv, this
facilit_v is predicted to produce 110 million lir
(Brannon et al. I9BB) in addition to thc natr-rral river

pmdLrction (estimatecl to average around 30 million
fry per year from 1978 to l9B3; Bcauchamp
t  987  ) .

Juvenile sockeye salmon and longfin sme)t

lSpiint:hus thaLeichthys) arc the pfedominant
planktivorous fishes in the limnetic zone of Lakt:
Washington, and bolh are potential ly ;mportant
prey of cuLthroat trout. A fourltrld increase ol
juvcnile socLeve salmon l,".ould increase their con_
t but;on to the limnetic planktivore communitr and
coold elicit a ftmctional response (incleased ratc
of predation l i th increasinpl prev dcnsity; c.g.,
Petclman and (;atb I978) by piscivorous cutthroat
trout to the jur.enilc salmon. Therelbre. it is im-
portant to dcscribe the current spatial-tcmporal pat-
t e rn -  o f  p r , . l r t i un  u -  a  re f i r ence  l " r  ,  omp : r r i so r r '
t'ith thc patterns from the expccted increase in
abundance oIjuveni le sockevc salrnon during the
enhancement pro€iram. Such a shift in pre-v selcc-
tion by the piscivore mighL seriolsl,v compromrse
thc dcsired goals of the enbancemenL program.

Study Area

Lakc Washington is a large (BB km'?), monomictic
lakc acljacent to the city of Scattle. Washington,
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USA. The lake generally stratilies from April to Oc-
tober rv;th mcan (0-20 m) epilimnetic temperatLrres
ranging l iom Bo to 16-Ll l" .  Furthcr dcscript ion
ol the lake and its fish communitv can be found
in Beauchanp (1990). We partitioned the lake into
Iive nearshore (0 to 15 m deep) arcas and four
nff-horc .rr, .r- 1[rum .urface to hnttnm in urFrs
deeper than 15 rn). along the longitudinal axis ol
the lakc (Figure 1). The Oedar River mouth and
a 100 m area extending bevond tho slopcs of the

river delta formed a 2 ha area designated as ncar-
shore area lir.e (Figure I).

Methods

Samp ing n the Nearshore Zone

The five ncarshore zones t'ere sampled rvith
horizontal gi l l  nets tr l icc cdch month from Janu-
arv l9B4 to June 1985. Trvo f ixed sampling sitcs
within each zone (one each ()n thc cast and west
"ide. of th. lal ,  t  ,  umpriserl  J sJmfl jng -eric- in
1984. Tn 1985. one l ired site and two randomly
selected sites were sampled pcr arca during each
sampling scrics. \{ e set gill nets in the nearshorc
zone 3 LB t imes in l9B4 and l82 t imes from Janu-
ary through June, l9B5 (Figure l) .

Sinking horizontal gillnets ilere used lor sam-
pl;ng both cutthloat trout and larger prev fish (i.c.,

vearling and adult longfin smelt. sockcyc salmon
smolts, ycarling vellot perch I'ercafaaescenr and
peamouth ch ub ,lfi lotlleilru caannrrs) in the near-
shorc zoncs. The nets rvere 33 m long and con-
sisted ofnine panels (3.7 m x 2.0 m) ofrandomly
arrangcd mcsh sizes (25 to I27 mm stretchcd
mesh. in 13 mm incremcnh). The ncrs t 'ere set
at 0B0Gl100 hours and retr icvcd the next morn-
ing. Thc horizontal €iill nets vere deplcrved onlv
in the nearshore zone. and n'crc al$avs set roughly
pcrpcndicular to shore. This procedurc \{as
repeated Lrntil all five iuea^s had been sampled twice
cach month.

Offshore Zone Sampl ng

In 1994. rve sampled thc pclagic predator and prel'
populations monthly (Jantrary to OctoLerl n eacl
of the fivc offshorc areas with vertical gillnets. Ninc
single mesh-sized nets wer-e fishcd simultaneouslv
in each arca for 24 h: the mesh sizes rangecl from
25 Io I27 mm stretched mesh. and changecl in
13 mm incrernents. Only prcy fishes larger than
B0 mm ncrc vulncrable to the smallest mesh sizc
we used. We assumed lhat catches in these nets
providcd an appro\imation ol the vertical distri-
bution ol f ishes intcgratcd over the 2,1 h set t ime.

Recognizing the lirnitations of thc vcrtical pfli
net dataj we samplerl  t ' i th 3-m Isaacs Kidd rnid-
\ ' !ater t fawl at night to document lhe nocturnal
distribution of all sizes o[ the major pclagic pre,v
fislr rrhencvcr possible. The traid r,as to$ed at 9.7
km/h for I0 rnin aL depth, and tows were made
al dcpths ofB, 15, 22, 30, 36. and 50 m (bottom

Cedar River

Figure L Lake \l! ashinst(,n shoaing rhe lo.dions sampled in
198,1ed 1985. Ih,, hk. r'us divided into tue uem
1<lelineated br horizortal lin.s) al,,ns irs lonsituli
nal aris. Tle Cedar Rirer deita i; area 5. S,vnrbols
i,,11,,$: sr{.. lj\e,i loc.rion sill ner iets h 198,1 al
l9B5i  i , l id  c i rc le.  fdndonr g i lner sets in l9B5r and
pursc sr:ini: sets in \lar 1985. solid lliaDglei luh.
1985. sol id squue: .nd September 1985. , , rnJ,
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dcpth permitting) in each of the live areas. S'e
recnrdcd the catches of each fish species bv tow
depth. area. and tirnc. The midwater 1o!vs $.erc
made in late March or earlv April in l9B4 and
I9{:}5 b,v WashinSon Department of Fisheries per-
sonnel. \I'e $,ere able kr do additional rnichvater
traul ing in Scptember and Novembcr 1987, and
\ovemher 1988. Thesc latter midrrater trawl sam-
plcs t'cre taken several vears aftcr collection ol lhe
cutthroat trout stomach samples. brrt  the distr ibu-
tion patlerns of prey lishes agreed rvtll t'ith those
reported earl ier by Drytoos (1965.) and Travnor
r  I  q .  3 t .  {  , i r e r r  t h .  r ' un - i - t ene r  o t  d i - t r i h  t i on  pJ t -
lerns reportcd over a 22 vear period" *e felt just i-
l ied in assuming that the summef and autumn
vcrtical distribution patterns obser-ved in 1987 and
1988 could bc applied to the rears of our study
( r  98,1-  1985) .

A 17.7 m purse seine vessrl  lvas chartered in
Ma1, June. ancl Septembcr 1985 to sample;rrecla-
I n r :  i n  l h -  p , l . r ; l i c  zo r r " .  : e r i a l  l , r r r r  - e i ne  - . rm-
ples $'ere collectcd roughly every hour from 1500
to 0500 hours on 14-16 \Iav. from lB00 to 1100
on I3-I.1 June. and from lI00 to 2300 on 19
September (Figure I).  A straLif ied random sarn-
pl ing dcsign tas used. with samples propofl ion-
all_v allocated ac<rrcling to thc suriirce area of the
pelagic zonc in areas I.  2. i l .  and 4. Each vessel
deployed a large hcrring seine (600 m corklinc.
37 m dccp.2.5 cm sLrelch mcsh). l lach circular
set represented onc unit of effbn and thc t ime at
which thc scine t'as pursed was dosignated as the
sct t ime.

Stomach Analys s

Samplc sizes from 19t14 rvelc small due to our con-
cern for eonscrr.ing u'ild. reproductivc fish (the
population size t'as nol known at the tirne). ancl
because manv of the stomachs, especiallv from
spawning f ish sampled irr l , inter ncrc cmptv (7506
in l9B4 versus 2206 in l9B5). However. after dis-
covering thal thc annual catch of $ilcl cutthroat
trout was approximatclv 20 percent of that for
stocked rainbon' trout. Ontnrhtnch,u mvkiss. in our
l984 samples, ue analvzcd the stomach contcnts
of a)l  trout sampled thereafLer. AJthough trends in
thc ftrocl habits ofcutthroat tlout t'ere similar dur-
ing both vears. ue emphasize the 19lli> data hcre
because of lhe larger sample sizes.

Cu l l h roJ l  l r o ' r l  ca l ' t . r r . , l  i n  p r r r - e  -e i ne :  r r e re
anesthetized vith llS-222. measured. l'eighed.

stomach-pumped, allot'ed to recover, and thcn
relcased near the area of capturc. Cutthroat trout
captured in gillnets wcre killed to provide stomach
samples for analvsis ofthe seasonal nearshore diet

Wc analyzed stomach contcnts from all cap-
tured cutthr-oat trout. l'ish were measured (fork
lcngth to the nearest I mm) and w.eighed (nearest
I g) before stomach contents were rcmoved. Prey
ilcms t'ere categorized as fish (identilied to spe-
cies lhenever possiblc), zooplarkton. Mysidacca
(Neonysis mercedis), insects, and othcr inver-
tcbmtes. Lenglhs o[ pr-cy fish *ere measured. and
dry *eights (20 h at B0oC) lbr each prcv category
$'ere recorded as a propofiion of the total wcight
of stomach contents from each fish.

Results

Preda t i on  1 ,1  .  u l l h ru r l  l r ou l  on  t he i r  ma ju r  p re r
changcd signilir:antly betwcen ncarshore and off-
shore habitats (Monn-Whitney l ,  test. P < 0.02
for lish prey, P < O.O2 for zooplankron, and P
< 0.0001 lbr insects). Similarlv, prcdation pat-
terns on mosl major prev varicd among seasons
(Kruskal-W-al l is tcst.  P < 0.05lbr f ish pre_v. P (
0.01 for insects. but P ( O.15 ftrr zooplankton).
Thcrcfore. r'e stratifiecl this analvsis by season ancl
nearshore and offshore habitat.

Tempora Changes in  the Dstr ibuton of
Cutthroat Trout and Prey

Thc scasonal nearshore-offshorc occurrence of cut-
throat trout generally corresponded with the
-ea"on.r l  Ji- tr ibution- nf i t .  1, ' t .nt iul  prcl -pecies.

Daphnia puLicaiabccame abundant in the upper
20 m of the epiJimnion during May and remained
-o  t h rough  ea r l r  l u  m iJ " r rmmer :  m in imr rm .um-
mer dcnsit ies occurred in August or September-
and a second period ofhigh densitv coincided rith
thermal destratilication in October (S'. T. Edmon-
son. unpublished data). We caught longlin smelt
in both nearshorc and olI"shore gillnets during late
autumn and r,inter. but only caught them offshore
in spring ancl summer (Figure 2). The relat ively
h igh  eJ tehe -  o f  I nny f i n  -me l t  JJ r i ng  r . i n lF r  cu r -
responded k) a strong even-numbered vcar-class
that spa*ned and died. subscquently leaving a
lvcak. odd-numbered ycar-class oi over-vearlings
in the lake. Juvenile sockeye salmon occupied the
limnetic zone except us fiv entering or as smolts
leaving the lake (!'igure 2). Although cutthroat rrour
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' l he  

s .asona l  n .aNhor lo l i shor . , , l i s r r i t lu l ion  o l  lons-

fiD sneh,julenile $ckele salmoo. erd drtthroat tout

os indiored b! the seasonal mean catch per set of

horizonral sill ncrs niu.sh,)ft !n(l v.rri,!l sill n,1s

occupied both nearshore and olfshorc habitats
throughout thc year, more l,".ere caught offshore
during spring. summer, and autumn. t,hereas the
opposite 1{,as true in wintef (Figure 2).

The diel vert ical distr ibution of Jrelagic pre,v
varied among species, but coincided l ' i th that of
cutthroal lroul a1 \'arious times of the dav. Pelagi<:
cutthroal lroul $erc most abundant at dcpths of
l0 to 30 m in spring and summer irith 55 per-
cent ofthe catch betrveen depths of L5 and 20 m
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both day and night (!'igure 3). At night, the spring
through autumn (Apr; l  1984, l9B5; Septernber,
November 1987) midr.ater trawl catch of longhn
smelt was highest at 8 m, whereas the cakrhes in-
tegraled over 24, h in rertical gillncts indicated that
longlin smelt remained deeper during the dayJight
and cfcpuscular periods (Figure 3). In contrast,
the nocturnal catches of jur.enile sockeye salmon
wcrc cvcnly distributcd between l0 and 30 m in
spring; in summer catches were highesl between
22 and iJO m; af id in autumn. noctLrrnal catches
wcrc highest betrvccn 30 and 50 rn (Figure 4).
Again. the 24 h vertical gillnet catches ofjuvenile
sockeye salmon suggested that daytime and crepus-
cular distributions ilere generally deeper tha:r those
at night (Figurc 4).

Food Hab ts in the Nearshore Zone

Winter-spriry-Smal <rutthroat trout (l50-250 mm)
ate mostlv invefteblates during rvinter and spring,
whereas larger cutthroat trout ate mostly fish
(Figure 5). The primary prev of small cutthroat
trout was insects (mostl]' lar-val and pupal
chironomids) during uinter. and mysids and DopA-
tia ]ru[icaria in sprrlg. During both rvinters, large
cutthloat trout fcd primarily on long{n smelt and
to a lesser extent on p cklv sculpin Cottus asper
lTab l .  l t .  Tn  1q84 .  l a ree  , , r t l h ru r l  t r uu t  r t , .  : i g -
nificantl_y more longlin smelt in linter (Kruskal-
Wallis tcst. P < 0.05) n'hcn larger numbers ol
spawning adult longfin smelt t'ere available than
in spring (Table l). Whcn thc sparvning popula-
tion oflongfin smelt rvas small in 1985, there was
no significant difference in the number of imma-
turc vcarling lonlCin smclt eaten betn'eer winter
and spring (Kruskal-Wall is test P ) 0.2). A small
numbcr of juvenile sockeye salmon and yellow
perch r,ere founc] in the sLomachs oflargc cutthroat
trout dudng lvinter and spring in 1985 (Table 1).

S&mmer"-Cutthloat trout shortcr than 300 mm
ate insects, ,apAnid przlicaria, and mvsids during
summer in the ncarshore zone. Larger cutthroat
trout ate mostl,v lish, including juvenile socleye
salmon (249lo of thc stomach contents by dry
weiglrt), threespine stickleback Caste.rosteu.s ocalea-
uu (25o/o). and longfin smelt ( l7o; Table 1).

Food Habits n the Offshore Zone

During sprirrg and sumrner, [evrer Daphnio,
pulicaria (Kruskal-Wallis test. P < 0.000I) and
more longfin smelt and total f ish (P < 0.01 and

o  l . :

c-

-  0 6

>  0 2
0

Juvenile sockeye salanon
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0.0001 , respectively) were eaten as the size of cut-
throat trout increased (Figure 5). During spring,
cutthroat lrout longer than 300 mm atc lish,
primarily longlin smelt (Table 1). whcrcas,l)oplr-
nia pulicaia and insects comprised less than a
third of the diet (Figurc 5). In summer, fish rvere
still the predominant prey of cutthroat trout larger
than 350 mm. lvhereas thc contr ibution of daph-
nids in thc dict declined rvith increasing predator
size. and insccts became a minor component ofthe
diet (Figure 5). Threespine sticklcback was the
most important fish prcy of Jarge cLltthroal trout
in summcr. follorved by longfin smelt. prickly scul-
pin. and juvcni le sockcye salmon (Table I).

-) pl Faanin. P" l tr . ' ls n'  Pa "o ^ CLltnfoat
Trout

The prey of pelagic cutthroat trout varied vith time
of dav durinpl spring and summcr (Kruskal-Wallis

test: P ( 0.005 for longfin smelt.  P ( 0.005 for
Daphnir pulicaitr. and P ( 0.05 for total fish
prey; Figurc 6). Thc weight of longfin smelt in the

0 5 l0 15 20 25 30 35 ,10 45 50 >50
Dcptn (n)

Lm?.

:
a 60%
5

0 5 l0 15 20 25 30 35 40 ,15 50 >50

ligure 4. The diel leltical disbibution ofpelagic juuenile sockcyc salnou duri.g winter. spring, sunner, and autumn as inferred

b_v the diflerente in depth disLribuLion of . .at.hes from rertical gill nets set for 2,t h (1983 19851. and from miduatcr

tra$ling !l nishl 1Ar,ri1 198,1, 1985. Seprember md \ovember 1987. November 1988, and Juh 1989). The vertir:al

disrribution ol pdasn. q,tLhroat [out Jl ,vear is indicated bv the inset (depth scale of 5'30 m) in Lhr: tr4r l,ft panrt.

stomachs of cutthroat trout was greatest about 2
h aftcr both sunrise and sunset, whereas the
.tmoonts ol Dophnia pulicana and juvenile sock-
eye salmon eaten \{ere highest during davlight. The
digestive state (He 1991) of the longfin smelt
(bodies intact, some \{ith small patches of skin
missing) recovered from the peak feeding periods
indicated that ingestion had occurred 0-2 h (at

lsoto 17o) beforc thc cutthroat trout \ ' !ere cap-
tured. Threespinc stickleback were eaten both day
and night.

P r 6 d . i ^ .  r n d  P r a \ r  t r a h  q i T A

The size oi fish eaten by cutthroat trout varied bv
season and species of prey (P ( 0.001; tt'o-rvay
ANOVA; Table 2). Correlations behveen predator
size and fish prey size t'crc gcncrally not signifi-
cant excepl during the sumrner when the size of
irrge-ted longfin -melt -horn"d .r strung pu-it i re
correlation with predator size (r = 0.94, P < 0.02;
Fippre 7). The size of threespine sticklcback eaten
showed a veak, but signficant positive correlation
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l'isurc 5. tl,Ri.ntas..on\Dsition {dN seight) ol lisl. zooplankton \l)arhiid yrli.aria\. mlsids (la,mlsn mer.edilJ, an(l ins(r'rs

itr rh. di.t of all sizei ofcutthroat rrour in the nelrshorr: arr:es duriog uinter and spring l9il5. and oflshor. durins sprins

ur l  summer  1985.  \umbers  ind lca te  samDlc  s rc  l i , r .& lh  50  mm le rnh  in ten 'a l .

2Zl , , " r . , , , , , " , ,  EN." , , , , , ,  f f i  ' , . . . , F*lr, Z z-,r,*, .  l ,  ,x-".".  f f i r ,*. ,

IABLE 2 .  lhenrean lens thand SLo l  l l sh  iu r .n  b !  cu tLhro l t

rrotrr during dil{erenr se$ons nr Lrkc \la'hington-

with predator sizc (r = O.24. P < 0.05), rvhereas
size of the juvenile sockeye salmon cntcn !!as nol
related to prcdator size (r :  0.05).

Discussion

The diet of cutthroat trout changcd with bodv size.
- . a - ' , n -  r nd  t ime  o l  da \  .  | . I t l h ro r l  l r L , J l  r l ,  i n \ ,  r '
tebrntes until thc_v Ncre large enough (generally

larger than 250 mm) to routincly capture small
lishes such.u longlin smell. threespine stickleback,
prickly sculpin, ancl juvenile sockeve salmon.
Luecke (I986) dcsc,r ibcd ontogcnetic shif ts in the
food of jLrreni le cutthroat trout in Lakc Lcnorc,
['ashington, from zooplankton to larger benthic in-
vertebrates, rvhen the f ish attaincrl  a length o[ 70
mm. Juvenile cutthroat trout in the Lakc Washing-
ton drainage vcrc gcncrallv I 34- | 75 mm long be-
fore migrating from the natal stream into thc lakc
(Scott et al.  l986). Hcncc. cvcn lhe smallesl
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olfshore in mid-spring a-s the DapAnia populations
incrc:se, and t'armtater fishes migrale shorcn'ard.
The cutthroaL trout that rcmained in the ncarshore
habitat ate fervcr lonpfin smelt, rnore invertebratcs
(particularlv r\ eom-r'.s is merced.isJ, and othcr fishes
(e.g.. vel loru pcrch). However, most cutthroat trout
appearcd to move olfshore in spring and continued
leeding on longfin smelL.

T,onglin smelt populations erhibit cvclic par-
terns of abundance (Dryfoos 1965, XloLrl ton
197,tr). rrhcrein even-numbcred vear-classcs are
tvpicallr 5 to 15 times more abundant than odd-
numbered year-classcs (Beauchamp l987). Long-
fin smelt mature in 2 yr. spalm. and then die
shortly thereaftef (Dryfoos 1965); hcnce. this al-
tcrnating cvcle of lov and high abundance s marn-
tained. Although 1e1| cutthro{t trout $ere sampled
in I 984 r'hen the abun dance o I longfi n smelt rvas
lorv. the data suggested that juveniJe sockcve
- : r lmon  h "cam-  t h ,  p l cdom i r ran r  p r ,  1  r Ju r i ng  rh '

Sunrise 0530

2 9 1
Sunset 2045

2 8 2 2 9

ffi Longfin smelt %sockeye salmon
7 Threespine stickleback ffi Zooplankton

Irisurc 6. Diel consury)rion of nrajor prer br ,lLrhro.t rhut ir) rh. ollshore zone ,J Lak. Washingron dur;is Va\', June. aDd Sep-
temb.r 19B5. Numbers indjratc the srmple size ior r:ach 2 h nrrerral.

lncust ne cutthroat trout rr)uld utilize boLh
zooplankton and other invertcbrates (e.g., rnvsicls
and insccts.). S'hen both invcrtebrare and fish prev
arc available. largcr cutthroal troul could select
zooplankton, benthic invertcbrates. or fish. Shifts
in prey composition might also be mcdiated bv tem-

1 " , r c l  ,  h . r nge -  i r r  n r . r  r bun t l . r nce  an , l  r r a i l : Lb i l i t r .

Longfin smelt l,".as the primarw prev ollarge cut-
throat trout, as their dist butions <rincicled
throughout the year. Cutthroal trorrt occupied shal-
low to intermccliate depths in thc limnetic and lit-
toral areas from spring through autumn. and
conccntrated more in lhc littor.al zone at shalloN
to intermediatc dcpths in vinter. Lon;fn smeh oc-
cupied the pelagic zone frorn mid-spring through
autumn; some lonF4in smelt resided in the limnetic
zone in $'inlcr. but most movcd to nearshore or
profundal habitats {Travnor 19713. Beauchamp
I qB7). - l-h" 

n-rrsh,rre I ' re! rommunih i-  i r  a : tate
of flux during spring: adult longlin smelt dic alier
spatning in rvinter {Dryfoos 1965), yearlings move

156 Beauchamp. Vccht, and Thomas



40

a Smelt

The diel pattern of predation bv pelagic cut-
throat trout on dif ferent prev corresponded $ith
l,  mpurrl  ,  hrnp, s in th, r,  r i i r ' : r l  di-tr ibrrt iun t,r  r i- i -
bi l i ty of prev. Daphnids rvere abundant in the top
20  m  o i t h "  sc t c r co l r rmn  du r i ng l : r t ,  - p r i r r g . -um-

mer. and autumn (Edmondson and Lit t  1982), and
'ilere eaten during daylight. Lon;fir smelt, rvhich
slav in deep $ater habitat drrring the day (Drvfoos
1965) *crc catcn during thc crcpuscular pcriods.
Longfin smelt must pass through the depths oc-
cupied bv culthroat trout to leed in the upper
epilimnion there uplooking predators beneiit lrom
the contrast br{t'ccn thc silhoucttc oI thcir prcy
and backlighting from the tiiilight sky.

When small planLti\.orous lishes occupv thc
Jighted upper water column. they are vulnerable
to  s i gh t - f eed ing  p reda to rs  (Egge rs  1978 ,
Beauchamp I987, Clark and Ler_r- I9BB).
Although *e did not col lect data on davtime cl is-
tributions of pelagir: pre;- fish, the dilferences be-

300

Predator size (mm)

6 Sockeye a Stickleback , Sculpin

tween our vertical gillnet catches which inte€irated
over 24 h periods and the discrete night-time trarvl
samples from later vears are suggestive ofthe paF
terns observed by others. Drylbos (1965) Ibund
that thc mcdian dcpth of _vciuling lon;Sn smclt vas
B Lo 20 m deeper cluring the clay than at night in
summer and autumn. Eggers (1978) reported that
individual juvenile sockeye salmorr generally re-
maincd deeper than 40 rn during the day, rvhercas
those in schools {oraged between depths of l0 and
30 m in summer and autumn. Threespine st ickle-
back tere rarely caught in midwater trarvls dur-
ing summcr and aulumn, bul $erc oftcn obsen'cd
at the surface associated with floating mats o{
aquatic macrophyles and other debris in the pelagicr

Juvenile sockeye salmon were eaten only . lur-
ing daylight by pelagic cntthroat trout. but three-
spine st ickleback were eaten during both dav and
night. During daylight, juvenile sockeve salmon
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2Wlm

Figure 7. The relationship of predator size to prev size, pooled {or all prer species and all seasons. The line nrdicates the onlr

srong relatnrshg rhich *as hemeen the size ofpis.ilorous cutrhroat rout and longfin smelt pre,v dudng the sunnier:
(pr.,\ l.Dgrhl = 5.060 + 0.195 x (pis.ilore lengthl, r' = 0.f16. I = 7.
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in Lake Washington remain in the dccp limnetic
zone or lbrage at intermctliate depths using school-
ing as an antiprcdation strategl (Eggcrs 1978).
CutthroaL trout might be able Lo locate schools of
juvcni lc sockeye salmon at intermediate depths
cluring the rlav lhcn there is suffir:ient light for both
piscivorc and planktirolc to locate their prcy.
Schooling behavior ofjuvenile sockevc salmon sug-
gcsts that they are vulncrable to predation at these
depths and t imcs. The schools dispcrse at dusk
then indivicluals might be lcss susceptible to pre-
dation than longfin smclt, rvhich move higher in
the $,ater column.

The light threshold abor,e which cutthroat trout
can detect prev of a ccrlain size probably in-
lluences thcir r.ertical distribution. and in turn. in-
f luences their dicl  shif t  in prev (orrposnrox.
( lutthroaL tfout in Loon Lake, Bri t ish Columbia.
could {lctcd the copepod Diapnnnn l.,enai \I.4-L6
mm) belot '30 m during dayl ight. brrt  coulcl not
do so even at the surface betrvccn dusk and dawn;
the svmpatric Drrllv Varden (SaLtelinus ntalma)1
could st i l l  detect zooplanklon al l  night between 5
m and the surfacc (Henderson and Northcote
l98i>). Tnasmuch as the transparencv of Lakc
W-ashington (Secr:hi rJisk transparencr : 7 m) r'as
slightlv less than that of Loon Lake (B m) in sum-
mer. lhc maximum depth of prcv tletection in Lakc
Wr -h in3 tn r r  r r , , . r l , l r r l - u  Lp  l es . .  C , r l h ru r t  t r uJ t  i n
the uppcr 20 m r:ould fccd on zooplankton during
the dav. ancl still have suflicient light to ieed on
largcl pley l ike longl in smclt (50-130 mm) ar dusk
and dal,".n. nhen zooplankton l,ere no longcr de
tectable. Jrrvcnilc sockeve salmon t'ould certainlv
h '  J ,  r , ,  r r r b l "  i n  - ch , , , l -  f , , r r g i 69  r r  dep rh -  u f  t 0
to 30 m (Eggcrs 1978) irr davl ight, but not then
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individuals were dispcrsed in deeper rvatcr. Since
pelagic thrccspine stir:Lleback appeared to remain
ncar the surface. associated Iith floating cover,
during sunrncr and autumn, they lvould be vul-
nerable lo prcdation bv cutLhfoat trout at all times.
and indeed r{ere eaten both da,v and night.

An understanding of the spatial and temporal
aspects of predator-prey intclactions should hclp
identify potential mechanisms of prcv selection.
and assist jn identifying potcntial prev swirching
by cutthroat lrout ;n lcsponse 1(r thc sockeve
salmon enhancemcnt plan. Our examination ofthe
current fonging belEvior ofcutthroat trout will pro-
vide a valuablc reference lo compare to the
predator-prey interacrions durinpl the enhancemcnt
program. The potential lbr predators to srl'itch to
the commerciallv and rccrcationallv desirablc sock-
cve salmon duringvcars of lorv longfin smelt abun-
dance has important implications for nrrl.r2gg rrre
fish communitv in Lake Washington. II a r]r.amatic
increase in thc abundance o[ juvcnile sockeye
salmon. relative to longfin smelt and threcspine
stickleback, causes predators to fced selectiveh-
rathcr than opportunistically on sor:keyc salmon,
then the result ing increased predation could seri-
ouslv r-cduce the benefi ts expccted from enhanc-
ing thc sockeve salrnon populat ion.
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