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Coho Salmon (Oncorhynchus kisutch) Use of Lakes and Streams in
the Keogh River Drainage, Brit ish Columbia

Abstract
Scasona1paLLr : rnso | l resha ' . le rhab i ta tuSeb1 'cohosa]n l l ru r :n ' r lo r r rn rn ted in l i cosmn.L l ra te rshedso

o\.r ! th(!!v.af pryjod lo assess the imponame of srnall lakcs .tnd non natul tributaries $ rearing and okr$inr,rrins drcrls. Spoilning
o(! urrcd rL ! linired number of locatiors ni thr:se sr stcnrs. \ovlr cmerged coho fn moved both upstnjam ar.l .lovnsrrerm lronr
sta{nins drcls in lhe Mist-v Lake system torards \listr Lakc- Thi: capture ol ln in Long Lake and its outlcL sLrcarn. nhr.re sprirning
{as nor ol,s(in(rl. indicllcd upsrream dispersion offn fron Lh. K{!,sh Ri!i,r. The lskes proritled both sunner raring an{l ovtr
wintering habitat l;r jur,,,ik. coho salmon- but their use vrn:d bctrccr vr:ars. The mainsren Keogh [tirer iras rrscd prirrari r
lbr rerring durnrg sunnier. Orlh lr1 srrcralh gre{ fastest in the lakes ard th.ir outli,t sl(iams. Cohorts of large fn (rnearr lL
> 80 nrm) did not show orer $irrer gn^{rh- lut thr. rrun si,cs of cohorrs o{ small lrr (near l L- < 70 mm) incri,trsed orer wnirer.
sugsi:sr inH size d iferential moltalit_v. The l rtilizlLi. r i, i smrll t ributan lakes and sbeams as both sr mn. r rcaring an{l orer wniternrg
habituL br juri:nile coho salmon uggests that morc (in,r,hasis should be pla(ed on the presen'atirn a I n,!nqrcmi,nt ol such !re.s.
Brrtusc usc ol fiese habitats ma_r' be temporalh rariabl. thcir importarce is easil'- underesrnaLa.

lntroduction

Tn thc Pacilic Northwest. juvenile coho salmon li\.c
in freshwater fol one to Lhree ,vcars bcfore sealr.ard
migration as smolts (McPhail  and Lindsev 1970.
Dmcker 1972). Ber:ause of their long pcriod of
freshwatcr rcsidencv. patterns of f  reshl ater habi-
tat use are pafl icLl lar ly ;rnpoflant in the manage-
men t  o f  coho  sa lmon .  Howeve r .  s t ud ies
documcnting the seasonal imlrcrlancc of various
habitat types are uncr)mmon.

The distr ibution of sparvning habitat for coho
salmon ;s of lcn clumped t ' i thin a latershed, rc-
q r r i r i r r g  t he  d i . l ' e r - i , , n  o f  f n  r r r r r r  f r om -pJ \n ing

areas. Major cpisodes of iry dispersal *ithin frcsh-
t'ater include mo\'encnts tluring spring in both
dot!nstrean (Chapnran 1962) and upsLrearn
(Cribanol l94B) direct ions. as leJl as pre-r, intcr
movements into small  tr ibutarics and r i !e ne
ponds (Skcesick 1970. tsustard and Nan'cr l9?5,
Pe te r -on  l 9B2 ) .  I l , ' t \ n - l f ,  rm  , l i - p " r - i o r '  i n  - l ' r i n !

rnay partl_v result liom displaccment of fr,v b,v
larger, social dominants (Chrpman 1962. I lason
and Chapman 1965). Habitat clual iLl also in-
fluences fry densit,v. and thus dispcrsion, through
the relationship betwecn tcriton- size and food
resources (Mason 1976a, Dil l  et al.  19811.

The importance of fry clispersal to thc produc-
tion of smolts and odult coho remains largelv un-

knoln. In many coastal rivcr systems. significant
numbcrc of frv migrate to sea (X{&son 1975, Cronc
and Bond 1976, Hartman et al.  l9B2), but ap-
parentlv make little contribution to adult returns
(Pritchard 1936. Mason 1975, Crone ancl Bond
1976). Nomadic fn cstabl ish residence rvhere
spacc pcrmits (( lhapman 1962). and l ir .c in a va,
liety of habitats (Dolloff 1987, Murph;- er ol.
I 989). Crorr'th and production,' ar-v considerabl,v
among habitat tvpes (Bi lby :rncl Bisson 19U7.
Dollolf 19{37).

We undertook this sLudv to document seasonal
paltorns of habitat use bvjuvenile coho in tuo small
$,atersheds, one of which r,".as believed to be
colonizcd br, fry. and to determine thc grovth ol
jur.enile cohc-, in stream and lake habitats within
the rvatershccis.

Materials and Methods

Study S te

The usc of tlibutary streams and lakcs bv coho
salmon was eramined in thc Mistv Lake and Long
Lake drainagcs ofthc Keogh River. a small coastal
r ir .er on northern Vancouver Island (Fig. l) .
l)cscriptions of the Keogh Rir.cr t'atcrshed and its
f ish fauna arc €riven in Johnston et al.  (1986.
1987b), Swales er 01. (1988). \ \ 'ard and Slanc.v
(l9BB). L-r ine and Ward (-t989)" and Bailer and
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Figur. I- l h( i Kr lsh Rir i: r {lrainrge. and the X'listr Lake ald Long Lat( i s,n,-d rtrinugcs. s h oiring r he rninnow trappirg lo.ati{r ns

iN ' l l ) .  | .a rs .  a rmiLs  ind icore  rhe  d i recr ion  o f l los .  lnsers  s lu l  th .  l ,n .a t ion  o I  Lh( .nudr  a rea  w i rh in  rhe  Keoeh dranagc
and th .  l ( r i l r ion  o l  the  Keogh R i re r  t l ra inage on  nor rhon \a r r r r rvc r  l s la rd .

L r inc (I991). Thc Kcogh River is 32 km long and
rJrains a partiallvlogged. conifer-forested waler-
shed ol about tijO km'?. Large flo!,', vandtrons oc-
cur during thc autumn-r'intel rain,v season. Mean
annual discharge is 5.3 rnr.s t  and mcan sumrner
l lol  is 1.6 m3.s t. ' fhe mn:i imum esl imated f low
i s  254  rn " . s - ' .  BeL*ee r r  55 "000  and  105 ,000
(rnean:71.000) coho si mon smolts emigrate from
thc Kcogh Rivel svstern annuiih (Ir,'ine and sard
l9B9). Other i ish species frrrrnd in thc clrainage
indudc pink salmon (O. gorbttcha). chum salmon
(O. ieta). steelhead and rainbo* trout (O. mrAiss).
Doil,v Vardcn char (^Salueliaus n a1n.r). cuLthroal
trout (0. chrki). kokancc (0. xerlo). corNt range
sculpin (Cotta.r alerrtior). prickh sculpin (C a.spe/.
threespine stickleb:rck (Oa\rcro aL\ et:uleuuL\:1. nnd
Pacific lanrlr|e'- llonrpe!ru tidentetus).

' l 'he 
Xl istv Lake ancl Long Lake slslems drr in

inb lhc mainslcm Keoglh l t iver about I  I  krn and
13 km upstream of the confluencc of thc Kcogh
Rirer and Quccn Charlotte Strait  ( l ' ig. 1). The
Mistv Lake \ratershed comprises llistv Lake anrl
i ts inlel and oul lel strearns. Misty lnl: t  ancl Mistr,
Outlet.  The Long T,akc watcrshcd consists ofLong
Lake and i ts outlet stream. Long Outlet.  Thc lakcs
are small and shdloly. and the streams are small
( ' Iable l) .  Riparian vegrtat ion is primari lv a shrub

IABl,l'l L Phvsnrol chotrcteristics ofthe tr'lisr Lake arrl l.ong
Lakc sub{lrlinrses recorded durnig the stuh.

]Iisr! \IisLr \tisrY Long Long
I'aramctd lnl.r l.oke Outler Lake Olrl.L

Uean s idth
l rn l  2
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communit! of salal (Cotllteia shallon), Red Af
dcr (,41anr rubro\. an,J t'illot'(Sali:r spp.). Alav
from thc streambuk, lhe vegetation is dominated
b,v S'estern Hernlrx.k (Tstga heterophlllal, W est-
ern Red Cedar (Thu.ja plica,ttt), and Sitka Spruce
(I'icea sitr:hensisl. During surnmcr, cnnop,v closure
exceeds 50 percent 1;r ear:h of the strcams.
Approxirnately 40 pcrccnt of the Keogh Rirer
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walershed has been logged during the past 40
vears. T,ogging has n{,t occLrrrcd al anv of our studv
sites although the Slistv lnlet l,atershed upstream
ol our sampling sites has been logged.

Adult Saln'ron

To estimate numbers of adult coho salmon. nine
visual surrcvs r,".crc conductcd during thc {all of
1986 in Mistv Outlet do$nstream of the Rupert
Nlain road crossing. and in lhe 250 m sefl ion of
T,ong Outlct upstrcam ofthc Island Hightal cross-
ing (Fig. 1). The loner-most sections of Nlistv In-
lel also were surreyed periodical lv. During
oven'iei!' surveys in Nlistv Outlet upstream of lhe
Rupcrt l{ain bridgc. lnd in T,ong Outlct clown-
stream of the highwav cfossillg, adult coho salrnon
lerc not sccn and l i t th or no spa*ning habitat was
found.'l'hcrclbrc. r'c€+rlar span'ncr survcvs 1{crc
not conducted in these regions.

Surlc,v mcthods for aclult coho salmon follolved
thosr of JohnsLon et al.  \198i a), r ' i th ci thcr tno
or three ohseners \ralking do$,nstream, using 2
rr long poles to probe fof f ish. Carcasses found
r,".ere sexecl, measuled. and slashed lo ar.oid re-
countin€(.

Coho cscapcmcnts 1{crc cstimatcd as pcak daily
counts oi live lish, peak dailv counts of live fish
plus accumulated ciucass counts to thrt d{te. to-
lal carcass counts. and lhe area under the curve
{ALC) of counts of live fish divided bv the time
in da,v..s Lhat llsh r,ter-e esLimatecl to surrive in the
slrearn. The ALC cstim:rtc uscd i l  strearn l i fc of
11.,1 d obtaincd liom mark-rcctpturc drta lbr
Keogh Rirel coho the pre!ious lear (Johnston c,
a1 .  l 986 ) .

Juveni  e Sa rnon

Slajor changes in relative abundance. measured
as catch per uni l  ef lbrt (( iPl lE). and sizes ol juve-
nile coho salmon rrrre cstimated rtith data colle<rted
th lo r rgh  . r  - t r n r l r r J i zpd  rn i nno$  l r Jpp ing  p fog rJm.
\ 'Tistv Tnlet. l \{ istr Lake, T,ong T,ake, T,ong Outlet,
and the mainstem Keogh River about 100 m above
the Island Highr,ray crossing rrcre sampled at 2 kr
4 r,".eek intenals liom November 1985 to Aplil
19U7. and aL irregular inter. lals therealter to Au-
gust l9f: l{3r Nl isty OLrt let was similarl ;-  sarnplecl
cornmcncing Octobcr 1986 (l'ig. 1). Minnol traps
were used as lhev could be deploved b,v staf i  who
had minimal fisheries training. and atso because
this techniquc cnablecl us lo sample pools and

areas of dense cover where other techniques $,ere
impractical.

The minnow Lraps and lralping methods $,ere
dcscribcd in dctai l  in Swalcs et al.  ( l9BB). On
every sampling occasion, beh\,een 15 and 35 traps
(6 mrn mesh. l5 mm diarneter opening) rverc
spaced at 3-5 m intervals al each sile. Traps rvere
sct on thc substratc and a ropc cxtcndcd bctwcen
each lrap and the banh. Traps l,ere baited witlr
salmon roe and f ished overnight (about 20 h).
Srvalcs (1987) shor,cd that minnow trap cdtchcs
of jur.enile coho in the KeopJh River drainage in
creased to an asympLote at abouL 24 h. Accolding
to Bloom (1976), minnow traps are non-selective
bv sizc o{ coho ovcr thc rangc from 5l to 100 mm
forllength (FL). In spring 1987, sorne traps \!ere
l incd rvith f inc-mesh hardrvarc doth ( l  rnm mcsh)
to retain nc$'lv-emcrged lrv. !'ish captured Nere
anaesthetized in 2 phenoxvethanol. !-L was meas
ured h the nearest mm. and the fish rlere releascd.
Age-at-length was estimated from lengh-frequency
analyscs (Macdonald l9B7). and from scale-aging
samples of lish.

l he  e f l i e i enc l  o f  m in r , os  t r cp -  i n  cJp lu r i ng ju -
venile (r)ho rnav vary both seasonall! and among
thc various habitat t ,vpcs samplerl . ' l 'hcrcforc.
differences in CPUE are not necessaril,v directlv
proport ional to dif lerences in r-elal ive abundance.
\everlheless. the presence ofjuvenile coho ill traps
at a particular location confirms thc use ofthat sitc
at a parlicular time of vear. (iomparisons behreen
the CPUE and mean sizes of jureni le coho salrnon
obtainctl {ronr our minno$' trrpping ancl thc dcn-
sities and mean sizes of coho estimated liom eler:-
trof ishing surveys at the Keogh Rivcr si tc (8. R.
V ard. B. C. l'isheries Branch, unpublished data).
sLrggcst that mcan sizes and intcrannual chrngcs
in abundance are adequately represented bv the
rninnow lrap data.

To examine the movements of nei!'ly-ernerged
frr.  Lrpstream-dol nstfcam fry l faps similar to lhosc
used by Northcote (1969)t 'ere operated betrteen
l8 March and l3 Apri l  1987 and from ] 7 Nltrch
to 13 \la,v 19BB in llisty Inlet and llistv Orrtlet.
Frr traps (1 mm mesh) wefe operalcd along thc
stream mar€iins about 400 m downstream of the
minno$' trappin€i siles (Fig. 1). ApproxirnaLel_,- 20
pcrcent o[ the stream \ ' ! ;dlh l las sarnplcrl  bv thc
traps in cach instance. l'hese fry traps were
checked dai lv or on alternale days clepcnding on
rate of capture. All coho $'ere counted. FofL
l , n g l h -  r . ,  r ,  m , . r . r r l d , ' n  r a r h  ' ' , r s i o n .  1 , , . r
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marimurn of 25 fr-v moving in cach direct ion at
cach siLe. Dormstreanl migrating liv \!erc rcleased
r t  l cn : t  I  m  l , c l ' , $  l l r i  t r l r p - .  J I , l  | | l , - t r pJ rn  rn i g r r t -
ing frv $ere releascrl  at leasL I m above the traps.
Tn 198ll .  approrimatelv half the f i_r caJrrLrrcd rnov-
ing upstrcarn at N'[ ist l  Outlet tere marked (by thc
removal of thc left  pelr ic f inJ to deterrninc i f  these
frr *crc clesl ined lor Xl isty Iniet.  AIl  l iv capturcd
at Sl istv Inlct we|e erarninccl careful lv for cl ipped
fins.

Results

\ [  e lbunr] adult coho salrnon in the loucr-most 1.5
knr of [IisLv Outlct liom latc October rrntil 2 l)e
cenbcr 1986. Aclul l  coho rtere rrcr.cr seen in Lhc
upper port;on of Xl istv OLrt lct.  iD X'[ istv Tnlct.  or
in Long Outlet.

Estimates of thc coho escapcrnent into \ ' l istv
r ) . r t l - t  i n  l q8 r '  r ' ' r r r g - J  l ,  t s *e r r  : t l  . r n , l  18  f i . 1 ' .
Thc pcak daill crrunt rvas onlv 25 lir.e fi-sh. bLrt thc
peak rJai lv count of l ivc f ish plus accumulated car-
casscs t':rs iJ I fish. and the total calcass count was
also iJ l fish. lf an ohscrr.er elliciencv for live cohcr
ofabout 75 percent (Solazzi -t984. Johnston er ol.
1987a) is assurncd. the expanded dai ly peak count
of l i re f ish plus accrrrnulated carcass counls
procluced an escapcment est imatc oi 39 f ish. Thc
A[]C estimate vas 4t l  f ish.

Ner\,lv-cmer€ied <rrho iry carrghL in upstreanl-
r lorvnstrearn Lr-aps in the \I istv T,ake drainage in
carlv spring sholed directi{)nal movenenl to.wards
the iakc ( ' labie 2). Coho fr-r,  caughr ;n Misrv Our-
lel r , ;crc predonrinantly rnol ing upstream in both
l9B7 and l9BB. ln \{ istv Tnlet, migraring frv tere
onlv caught in l98B and tere prcclomin:rnt l ;-  rrov-
ing downstcam. These rJata irnplv rhat adult coho

sparrnccl in Mislv Inlct during thc 1a11 of -t987 but
not dul ing thc fal l  of 1986. lhe ferv parr caughL
in Lhr u pstream-dow nstream traps in 19BB wcrc
als(r moling ulsLrcarn in Xlistv Outlet. bLrr parr
movernenLs ncre ranclrrn in Mistv InleL. In l9BB,
yolked hr t'ele r:aught in }lisrr Orrtlct during latc
Ilarch and carly April. inclicating rhat fry emer-
gencc occurrecl during Lhis pcriod, while fn
emerged slightlv later in 1\listv lnler (mcdian dates
of capturc ol voked In = 9 Apri l  and 1t Apri l
respcctivel;-). and at tr slightlv smaller size iTable
2. Studenl's t-test. p ( 0.001). l'ew fish other than
coho }cre caught in the upsLrearn-dol{nstrran
tr aps.

In 1988, upstrearn-moving fry at fr t istv Ourlet
(mcan FL : ,10.4 mm) rere signi l icanrlv larger
than do$'nstream mo,' ing fr1. (mean FL = i3tt .8
nrm) (t-tcst.  p < 0.001). but upstream- and
downstream-moving l iv did not di lGr in sizc at
l l isty Inlet (t- tcst.  p :  0.38). AlLhorrgh ,136 irv
rnigrat ing up Nlisty Outlet in l98B tere markcd,
none of thcsc l iv were rccaptured in Mistv Inlet.

Major scasonal t lends in the pattcrn of habirat
usc bv juvenile r,oho salmon c,an be infer-red from
thc minnou' trap CPIIE data (l'ig. 2). Both lales
t'ere userJ during r,".inter. but the imp()fiance oI Lhe
lakes for summer lcaring var- ied betleen vears.
Dec l i r r i ne  CP I  L  i n  |  , , r r 1  L r ke  he t r re ,n  L te  s i n -
ter and carlv summcr probablv rcsulted lrom the
exodus of coho smolts (Tn' ine and Sard 1989).
All strcam siles werc used for both surlrler rcar-
ing and or 'er-* intering. although ( lPtlE in the
Inainstem Kcogh Rirer dur-inp1r'irler u,as r.er-v lox-
D  r r i nF  - . rmm. f .  C l ' l  L  i r r  - t t rms  r re re  r  n r r . i - -
tdrtlv grealcr than (lP[,E itrr lake sites. Incr.eases
al each stream si le during the spring of 19{37 $crc
the re-cull ofcatches of nclrlr,-emerged fn, mor.e ol

' l . A B | , } ] 2 . C a l c h e s l , 1 n l \ L l l e m e l g e d ( l ' l , s u ] m o ! f | \ a h l l 1 ) ! | r i n u P ! t l e

:p rnrg  l . r i j r  and  198B.  a f i l  rhe  proba l , i l i r '  o l  f rDdom n , rcmenr  f rom rh |  b i ronr ja t  d is f jh r r ion .
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which \rere retained than ;n spring l986 becaust:
, ' i t h -  -mr l l ,  r  m , * l r - i ze  , r - e r l  i r r  t he  m inno r .  t r o l ^
i n  r  987 .

Although r'oho salmnn r,cre gcncralll thc most
nurnrnrus specics capturcd in the minnow traps
and the only species for rvhich detai led rcsults arc
prcsented in this paper, other species of l ish wer-e
captLlrcd. Rainbo\! trorrt  $crc cornmon in samples
liom the mainstem Keogh River buL uer-e rare else-
$,her'e. Dollr Varden char and cutthr)at tlout $crc
relativelv srmrnon in l\lish Inlet, l,ong Outlet. and
T,ong Lakc but lrere scarce elsewhere. Threespine
stickleback lele the mosl frequcntlv cdpturcd fish
in } l isty Lake. and were also common in Long
Lake. Sculpins r,;ere occtsionally captured at
seleral si tes. No er. idence of predation on jLrveni le
coho salmon in our minnot traps $.as sccn.

Changcs in the mean sizes of coho in the min-
no\r trap catches suggesled considerabh varialion
in growth r-atcs among sites and among,vears (Fig.

3). Cro$th rates lended lo bc grcatcst in thc t$'o
lakes and their outlet streams. (;roh1h rates \!ere
lo!'rest at l\'lislt- Inlel. r,herc thc sizc-frcqucncv dis-
tributions and scale aging showed tlo distinct age-

Eiroups to be present. The among-site dif ferences
in apParent sumrner gr-owth ralcs mdv porl lv re-
sult from cliffcrcnccs in t'ater temperature. t'hich
tere general lr  higher'  in the tr, 'o lakes and lorvcr
at I'list.r Inlet than elselhele (J. R. Irvine. unpub.
data). Crouth rates in 1987 rtcrc lovcr than in
r  986.

For '  , o l r o l t -  , ' f  i n  "h , , - ,  f u l l  m , rn  - i z "  " , .
cr:cdr:rl about B0 mm t'|," there l,as little indica-
tion ol over-$,inter gror,lh at anv siLe prior to
\'larch-April (F;g. 3). Thc nean size of smaller' liv
( ( 70 mm), however. appear-ed lo increase ovcr
the $intcr clcspitc lo$ 1{ater ternpelatures.

Discussion

Small tributary lakes and stream arcas not usccl
for sparrninil ncvcrtheless are irnportant summer
rearing and o!er-$' intering areas {or jur.cni lc coho
salmon in the Keogh lliver drainage. Coho fry in
trvr-, tr-ihuLaries clispersed from isolatcd spal'ning
sitcs to rcar in both lake and stream hahitals
throu€ihout the ,vear.

The mcchanisms control l ing the direct ional
movemcnt bv coho Ir,v tot'ards lakes in Lhe Keogh
River drainagc arc not known. Cribanov (19,18)
reported coho frv moved I0 Lo l5 km upstream
to rcach lakcs in t'hich they reared over surnmer.

Slason (19?6b) lbund that lry ernelging florn sirnu-
lated redds exhibitcd a strong upstrcam response.
L pstream movement oI coho fr;_ was not found in
(larnation Creek. Bri t ish ColLrmbia (Hartman et al.
l9B2) which lacks tr ibutary lakes. DorvnsLrearn
morements of <roho fry soon aftcr crnergence are
uell-known (Chapman J962, Cronc and Bond
1976, Flaltm:rn et ol. I982), and have becn attrib-
utcd to thc aggressive displacemenl of smallef fr_,-
b,v larger. terr i tor ial frv (Chapman 1962. fr lason
and Chapman 1965, Hartman et al.  I9u2). Down-
stream displacemenls ofsmall  [n can bc induccd
$hcn coho are stocked at high densities (l\Tason
lo7o . r -  B i l L r  r nJ  B i . - t , n  l aB7 t .  I n  co r r t r a - t .  i n -
creased food availability rnav offsct the efiects o{
high population density, allowing more fish lo coer-
ist {Mason 1976a). Sizc-based aggressive displace-
ment of lry is unlikel,v ltl accollnt for the molcmcnts
inferred frorn our fn, trap and minnol,". trap data
because the mean sizes of frv migrating upstlcam
torriuds frlisfi Lake were the same as or larger lhan
those of do$'nstrcum-movinpl fry. Positive rheota-ris
(Hoar I95l) cannot be invoked to account lbr the
ub-.ned frr di-per-a] . i rrc" m.\Fmcnt \r j  pr im.r-
i l \  r r l , - l f r am i n  \ { i - t r  O r r t l ,  t  b r r t  r l u r '  r r - l r e . r r n  i r r
Mist-v lnlet.

Coho fry rnolcd tovards lakes in the Keogh
River drainage soon afler ernergcncc (Apri l) .  and
$,ere lbund in near-shore lake habitat lrom carlv
June ont'ard. Othcr studies have also recorded the
presence ofjuveni lc eoho in lakcs cluring the sum
rncr (Cribanov 19,18. l 'oerster and Ricler 1953.
l lmon 1974. Russel l  er nl.  l98l.  Hvatt er ol.
19114, Fiddcn and Holtbv 1987. Swain and Holtbv
1989.i .  Large nurnbers of jLrveni lc coho salmon
rrar in small  lakes in some watersheds. l l .  rrrphv
et aL. \1989) estimaled that about 26 pcrcent ol
thc juvcni lc coho in the loter Taku Ri, 'er ' .  Alaska
reared in bea\.er ponds. Ber:ause juveni lc coho in
ponds and lakes are most abunclant in shallolr
nearshore arcas (Xlason 1974. Srvales et al. t9{lll.
Swales and Levings 1989). the rat io of lake perim
dcr to stream length can be used as an indtx o{
the relal i le potential importancc ofthcse habitats
for coho rcaring in a watershed.

The apparenL grorvth of oho frv las lirstcst in
the lakes and thcir outlct streams. Similarly.
Ficldcn and Holtbv (1987) ibund the largest coho
a t  l l l .  - i t . -  r ' i t h i n  t h ,  Cu r ' i ch . rn  I l i r " r '  - r . t .m .

Brit ish Columbia. Bai lev and lrvine (1991)
documenlcd signif icant dif lerences in bodr

f lsc of Tributarw Lakes and Streams bv Coho Salmon 21
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svstem mi\ pcrmit coho frv rearing in littoral area-"
to attain lar€ier sizes belbre $,inter than slrcam-
rcaring fr-v. Altr:rnativelr.  f ty in lales rnav grori
' l r i c k " r  h , , . r ' r - ,  , ' f  n , l ' r " . , i  F rF rJ :F r i r  co - l -  c : -
sociated with l iving in environments \r i lh minimal
!  r r r r ,  n l .  T  r r oc  . i z -  i -  cda l ' t i r e  - i r . c  u !e f  \ i n l r . r
survj!al improves $-ith increasetl bod_-v sizc in coho
(Holtb_"'' und Hanman 1982). as does srnolt-to-adult
survival (Hager and \oble I976). Grot'tir ratc ulso
inl lucnccs thc clurat ion of freshwater residence.
The slorrer-grorving coho slnolts cmiglat ing frorn
\4 i - l '  I n l - t  r ' e re  compr i - eJ  o f  equ r l  p r , , 1 ' u r t i u r r -
of agc 1+ and 2+ f ish nhi le 91 percent ol the
faster-grorving smolts emigrating from T,ong Lakc
were I+ ( lrvinc and S'ald l9{:}9).

A reduction in CPLI- bctvccn fal l  and winter
in thc Keogh Rirer sr.rggested a movement of ju-
vcni lc coho out of the mainstem river (Fip1. 2).
Other studies havc docr.rmcnted allturnnal migra-
t ions of jLn'eni le coho from mainstem rearing hab-
itat into verine ponds and small  l r ibLlLaries
(Skccsick 1970, Bustard and Narver I975, Peter-
son 1982. Tschaplinski rnd Hartman l9f l :J.
Sr,".alcs et cl .  l9t]6. Brown and Hartman 19BB)
which arc bclicvcd to sewe as refuges from un
[a,'ourable r,".inter conditions such as high dis-
charge. lou waLer Lemperalures. and reduccd foocl
abundance. Lolr ' ! , iutcr tcmperaLurc functions as
a euc for juveni le coho to seek areas of lo\\ ,  water
r,elocitv (Taylor I98B).

Over+rinter sun'ival ma_-v bc grr:ater in lake-fed
tr ibLrtaries than in mainstem rivers becausc tr ibu-
tarics ten{i  to be less, 'al iable. L:rrge rncreases rn
discharge in the mainstcrn Kcogh Ri, 'cr ale as-
sociatccl r,'ith winter rains (s.arcl:rnd Slane1 19B8).
Fluctuations in rrater depth lrcrc rclatilclv smaller
in tlibutarv strcams such as N{istl- Outlet (Johnston

et n1. 19fJ7b. their l ' ig. 2). Coho l i  ncrc virtLral lr
abscnl ftom the m:rinstetn Keogh River sampling
sitc during rr inter (Fig. 2). but rernained :rbundant
in the lakes and t l ibutarics. Ovcr-winter survirals
of ,19 to 87 percenl hare been reported lbr coho
salnon in ponds (Bustard and Narer 1975, Pctcr-
son 1982, Slalcs et tr l .  l9[t6), buL surl i t :r l  in
stream habitat 1\,as much lot'cr (Ilusttrrrl anrJ
Nrn'cr l975). ConseqLrenLlv. small  lakes mav be
major contr ibutors to sm{)l t  prodl l(  l ron rn some
\ralersheds. ln I986, Long l-akc procluccd about
1.700 snolts (0.94.rn- '  of shorel ine) compared

to about 765 {0. l .X.m-') JrrotJucecj by Nlisty lnlet
(Irvine and V ard 1989).

Sl 'alcs er al.  (1 986) suggested that coho o!er '
r intering in r iverinc ponds mlrr conl inur L{) gfo$.
Certainly. jureni le coho can leed at lot (2.5oC)

water temperatulcs (l\{cl\{.rhon and Hartrrlan
lqBq t .  O r r r  , l a t a  -h , ' r . - , 1  J  con l i nuou -  i nc r c . r { e
over the \r inter in the rnedn sizc ofcohorLs ofcoho
lhosc init ial  sizc $as less Lhan about 70 mm ! 'L,
but l i t t le change in thc rncan lcngths of cohorLs
rlho-"e mean FL t:rs greater than B0 mrn. This
, l i f [ . r . n , .  r n . , '  r - - r r l t  f r o rn  h iE rhe r  n r " r  s i r r t " r '  m" r -
talities of the smallcr fish. Thc physiological costs
of adaptation lo winter condit ions are relat ivelv
more severe Ibr small  coho fn' .  Nlason (1976a)

lbLrnd thut coho lcss than 60 mm FL largel,v
depleted their lipid resen'es ovcr \\,intcr lrhcrcas
large'r coho lost onlv a small proportion of their lipicl

Thc ut i l izat ion of small  tr ibutary lakes and
- t ream- . r -  bo lh  sJmm,  r  r ,  J r i n ! .  r n . l  o r c r - r r i r r t e r i r r e

habitat by juvenilc coho salmon suggests that more
ernpha-sis should be placed on thc prcser-ration and
managcment of sLrch areas. IJse ol these habitats
is tempor:rlly variable and, therefore. iL is easv to
underestimate their importancc. For instancc, arlrlt
coho salmon sparvned in Mistv Inlet dul ing 1987.
and have been obscrvcd in this stream during other
high f low vears (P. A. Slaney. B.C. l ' isheries
Branch. 220,1 Main l lal l .  Vancouvcr, 8.C., pcrs.
comm.), but apparentlr cl id not spawn in this
- t r e r rn , l u f i | | p  l qBL , .  \ 4 i - t r  T . . , k .  " a .  r n , , r -  i r n1 , , , r -
lanl lor jll\.enile coho salmon during thc surnmcr
of l9B7 than the sumrner of 1988. To plotect ancl
manage the freshl\atcr- cnvifonrncnl {)f  s)ho
salrnon. i l  is necessar! to impro!e our understand
ing of the complex pattclns of fr-cshwatcr usc ol
this spccics.
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