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Abstract
I t r  th is  "L rdr .  (e  e \a tn i re  lhc  s ,  as l ru l  ra r ia l ion  i , ,  f sh  assemblages  a t  th r r .neufshofe  mar i , r . s i t cs  on  lhe  Dor th  sh , ) (  o t  ou ter
Bu. ra fd  l , i  c l .  t l r i r i sh  ( io lL rnb ia .  \ lonrh l r  co l lec t io rs  ( i rh  beach lenes  w n ,  made ro  do .unn inr  (hanses  in  spern 's  abundrnce.

ro  th .  Br r rn l  ln le t  a rea .  Surh  braches  are  f requcr t l r  , l l ked .  f i l e i l  o r  d r r r lg ( l  lb r  por t  fa r i l i L i ,  s  r lu rn rg  u rban dNr lopmenr .  A
lolal ol 2(l st,,a,i,,\ Irere .
s l l n l o n n ] ' l . i s l r \ 1 r e ( u u g h l t h h l | g h l [ | | h e ' e o r . b u r

ar  o rher  t i tnes .  A  s iz  i .oease orer  r in r r  ras  nored fo rman\ , , l  t l f  spec ies .  d  s to rnar  h  rn r lvses  nrd i . l r ,d  11 , ! r  f i sh  $ere  f . rd ina
t l r t , ,ghour  rhe  pe ! l (x l  t l , ,
B u n ' | l j l n ] e t f u h . t i . , n S J s ! | . n r P o r a N e a l h t l a r i n c r e s ] e n c e a l d l l r l

Introduction

lbr over a ( entrrrv, estuaries and nclrshore ma-
rinc hubitats ofthe northcastern Pacif ic coast have
been snbj( ct to numerorrs environmenlal impads
due to inrlustr ial ,  cornmercial.  anrl  rcsiclential de-
vclopment. 'Ihesc 

arcas are tlso irnpo ant lbr
loraging. p|edator avoiclancc. and phvsiological
hansition bv r.arious lislr specics. including Pacifit:
salmon (Oncolnaclrur spp.). particLrlallv chum (0.
Aelal ancl chirrook (O. tshurytscha) (SirnensLad er
al.  I9B2a. Lerr ancl \orthcote l9t l2). 1he Fraser
River Estuar"r' and :rdjacent 13ur.rard Inler srrpport
important fish rtsources. including Pncilic salmon.
I'acific herring lCLupea harengts pallari). manv
groLrnclf ish species. shrimp. and crabs (Ncl lcs
197fi).  Rcttnt\ '  hotever-. mLrch of the habirat on
which the-se species dcpcncl has becn altcred or
lo-qt to urbanization of greatcr Vancouver and f ish
stocks have declirrerl {Harris 197{1. Ferlorcnko nnd
-chephcrd 198,1). A(luatic cnvironments in thc
lower Frascr River Iegion l i l l  continue to be sub-
jccted to r ler,elopmcnt proposals thich can affect
both the phvsical habitat and uater qual i t l  of the
nearshore cnvironment and adj i lcent slreams.

I)ata on the rrsc of these enl ironrncnts bv l ish
i-s neecled in order to assess and predict the effects
of development on f isheries resoorccs. A number
oi lecent studies havc examined fish assemblages
and habitdt L$e of the Frasr:r lliver estuarv (\orth

cotc et al.  1979. Crcc( ct al.  1980. Corclon ancl
Lerings l9B4). but onh l irnited. and freclucntlv
unpublished information. is availablc regarding fish
use ol Burrard Inlct (V aters t986).

In this stud,v re eramine the seasonal r.aria-
t ion in f ish assemblages at three nearshorc sites
on the n()rth shore of lhr outcr. basin ol Burrard
hrlet.  Sarnplc sites chosen tvpif ,v the shal lou slop-
ing beach habitat that conrposos most ol the un-
altercd port ion of thc basin's sholcl inc. Our
o l , j . r t i r ,  s r -  l L ,  com l ' , : F  r  r ,  su r r r cc  i r \ cn t , ' n .  i n -
cluding inforrnation on the numbrrs. species and
-"izcs o{ f ish, and to gather inlbrmation on the
sourcc of food :rnd degrcc offeeding activitv of lish
presenl in this habitat. Ultirnatclv, $'e \\,ish to do
scribe the v lue of this hairilat to our Lrc.al fish
stocks and identi iv the periods ofhighest sensrtrv-
ity whcn lish migration late and/or juvcnile fish
aburclancc is high (nursen pcriods). This infor-
mation is required to cstabl ish guidcl incs ibr near-
shore derelopmcnl.

Study Area

t su | ra rd  I n l eL  (2 t r9o  1  B ' \ .  123 "15 'V )ex tends  f o r
about 3l km lrorr ; ls nrouth at the Srr.ait  of ( leor-

€lia to its head at Port N'[orrl1 (I'igure tA). The fol-
loving descript ion is rdapted l ' rom ' lhomson

( l 981J . ' l he  i n l e t  i s  d i v i s i b l e  i nLo  i nnc r  and  ou re r
basins bv a narrou body of later (First Nurrows,
Figurc lA). 

' fhe 
outer basin, at i ts nrarimurn, has
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a l idth of ? km and crtends fol about 9 krn from
Point Atl inson easl lo the Fi lst \ :rrror '-s. l t  is bor-
derecl bv rcsidcntial arcas of \ iancorrlcr on Lhe
south and West Vlncouvcl oD thc north. lhc in-
ner basin is up to i3.5 km t'ide and extends east
f iom thr- 'First Narlol 's thlough the highlv inclus-
trialized and cornmercialized aleas of Vancouvcr
Harbotrr.  Inr l ian Arrn rxtends north fcrr 22 krn
fr-om near the head ol Burrard lnlet in a largelv
undclclopcd ar'ca.

TLe outel t , .r . in ol Bur'r-rrt l  l l let rcrcir c '  most
ol ' i ts fresh \\ 'ater f fon the North Arrr oi the Fraser
River. lhich dischar'€rcs into thc Strait of Ceorg;a
7 kn lo lhe south. The peak runoifpel iod lbr the
Fraser Riler is fiom ['lav to Ju\-.. l he main direct
frcshwatcr ;nput to the oLrter basin of Bulrard In-
let is the Oapiiano River. lhich dischargcs to thc
noflh shofe of the ouLer hasin :rbout 6 Lm east oi
thc sturlv arca.

'fhe 
tlrree sites sampled in this studv lcrc lo-

catcd on l l rr  rrof lh shore ol lhe oLrlef basin betl \ ,een
Point Atl inson and Sand,v Cove ( l ' igure IB). The
adiaccnt land usc ;s prcdominanliy resiclential.

Fish Resources of Burrard n et

Salrnon spawning has been obsened in 16 slrearns
llorr,ing into Burrard Inlct (Fanr'cll ef al. l9a1J.
Betrrern l9lJl  and 1985. the nurnber ol adult
salmorr returning to thcsc strcams (including hatch-
cn, rclurns) avrraged 1.2(X) chinook. 26.000
clrum. 32.000 coho lO. kisutcht.25.600 pink (O.
gotlru\dla). and li3 sockeye salmon (0. nerka.).'lhe
majori tv of thc chinrxrk (7,troi) and coho (650/o)

\r'ere hatchera salmon lcturning to thc Capilano
Rivcr. while mosl of the chrrm (970lr) and pink
(960i) s:rlmon were naturallv spalvncd lish rcturn-
ing to thc Tndian Rir.cr. Pink salmon do not return
to these streams in even numbered veJrs. Annud
stcclhcarl (0. m.y.Aisri reLurns to Burrard Inlet
strc:uns avcrigcd 840 during l98l - i  983. inclrrd-
ing some hatchery ploduction (f)epartment of !ish-
eries and Occans, unpulr l ishecl clata).

Tn l9{:}3 the Capilano Rirer Hatcherv released
522.000 veal l ing coho (avcragc lcight 15.2 g),
and 798.000 underveLrrling chinook saimc,n (aver
nge r,".cight 8.2 g). l hinv+r,o pr-'rccnt of both spe-
cies of lish 1\'ele rnarked lith a coded wirc nosc
lag and an adipose l in cl ip. The juveni le coho
salmon n'cr-c rclcascd on Junc 1 . The jLrveni le chi-
nook salrnon u'efc released on June 8 to I0
(Capilano hatchery staIf. personal communic,ation).

AclrJit ional juveni le salrnonicls immigrate into Bur-
rard lniet and Vancouvcr Harbour in thc spring.
fr-om the Fraser River svstem and possiblv iiom
Pugct SoLrnd and Vancouver Island streams (Nelles
1978: Conlin, unpublishcd rcport).

Few f ish sur-veys have been done in Burrard
Inlet, and those that have provide limited interpre-
ldt ion and afc restr icted lo the summer months.
Thev describe the lnlet as having a diverse:rnd
abundant assrrnblage of f ish sper: ies. Purse and
beach seines. and hvdroacoustic sun'c-vs bv Ncllcs
(1978) estimated 1OO0-2000 tons of Paci l ic her-
r ing (0+) in Vancouvcr Harbour in late August
1973. Subtidal bottom trat ' l  surlevs commonlv
cntch Lrrglish solc \Pleurone(tes rer&l&l). rex solc
(Emex xrchirus), llathead sole (lippoglossoides el-
lasodon) and h,vbricJ solc (/nrrpsero esclua) (Thomas

and ( lo_"-ette 1987). Levings (1973) identi f ied 37
fish species, most o[ which uere juveni le I latf ish,
suggcsting that shal lo$,arcds in Burfard InleL may
acl as nurserY grolrnds,

Methods

Sampl ng Sites Character stics

Three sites alrng the norlh shore of Burrard Inlel
1!crc samplcd (Figurr I tsi. Site one rli* an exposed
gravel beach located adjacent to the pilings. docks
and r ip-rap associated rr i th the West Vancnuver
Federal Laborator,v of the Canadian f)epartment
of Fishcrics ancl Occans. Sitc tto tas near the mid-
poi of a t$,o km gravel beach that $'as erposed
to S.l i .  swcl ls. Cypress Creek. a small  strearn Lhat
supports a small r.un of coho salmon (avcragc an-
nual return of selen l iom l9BI l9B5: l 'anvel l  et
al. I9a7). cntcrs thc Inlct immedidtclv to tbc cast
ol this sampling site. Site three was a sheltered
gravel beach located at thc hcad ol a smiill covc
near Point Atkinson within a region of ror:kv head-
lands at thc mouth of Burrard Jnlet. Tt was the onlv
site that could be seinecl efllciently vithin these
headlands.

SLrrface water temperatures during sampling
ranfied from 8-9oC in t'intcr (Fcbmary. filarch,
Novernber) to about l6-17oC in sumnrer &'June-
September. Figure 2). Salinitv rras not mcasurecl
in this study. Despite the pro)iimity oI site two to
a snral l  crcek, none ol the sarnpl ing siLes received
largc frcsht'atcr runoff fnrm thc adjaccnt land. Sur-
face salinities in the vicillitr oi our -etudv area range
I ro rn  c l ' p ro \ im r r l . l r  20000 )  i n  - umm,  r  l u , r p f ro \ i -
ma tc l y  25o io  i n  $ i n re r  (Thomson  l 9B l ) .
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Samp ing lvlethods

l ' ish were sampled using a l3.B m bcach seine
ri th 4.6 m wings (10 mm stretchecl mesh), a 21,.6

m bunt (5 mm strelchcd rncsh), rnd.r 3.0 m depth.
Thc nct tas iittecl t'ith :r 15 n towing linc attachcd
to each wing. with rhich it rras pulled offthe beach
using an oLrtboard po1\ 'ered 5 m inf laLable boat.
Oncc the net was approxirnately l0 rn offsbore and
parallel to the beach it rvas imrncdiately haLrled in.
Si i th this ncthod t 'e t 'ere ahle to consistentlv sum-
ple an a.ea of appro\imltcly 100 m'. S:rmpling
lras clonc at intermediate t ide levels (2.0-3.5 m).
and usuallr- in lhc carlv afternoon.

ThirLeen sampling tr ips $ere undertaker be-
L*ecn zl Fcbruan and 30 November I983. Trvo
rcplicate beach seine sets \\'ere rnadc adjacent to
each olher al cach site. A total oi 76 sets rvcrc
made dul ing the slLrdv. Duc to lclvcrse weather
condjt ions, Site three was nol sampled during thc
7 June tr ip.

AL each site. f ish lcrc rcmoved irom the net
rnd <r)unlc(l  into buckets l i l led r, i th seawaLcr.
Lcngths of al l  species of f ish were lecordcd. Sub-
samples (n : 20-iJ0) Iclc uscd to estimate lengths
l,".hcn catch size ol a species ercccclcd 50 in-
dir iduals. Fork lengths lere used i l  specirs had

indentcd caudal I ins. Otherwise, maximum total
lcngths tere used. Subsarnplcs. to a maximum oI
I0 individuals of cach species caLrghl" r 'crc
preser-r''ed immedialelr in l0o/o formalin. Stomachs
of thc largcr lish were inje<tecl with formalin us
ing a needle and syringe.

Catch pcr unit  cf lbrt (( iPUE) rtas esrirnatcd as
Lhc avcragc catch per seine haul at cach site, dur,
ing each sampJing t imc. Thc ninc ofthe most com-
mon  spcc i cs  o f  l i sh  we r ' e  se lec t cd  f o r
lenpJth-l iecluencv distr ibution and stomach conLcnl
anal-vscs (species chosen are l isted in Table 1).
( iomparisons oI iengths among sites lere made for
each of thc ninc species of fish using anal,vsis ol
covariance (AN(lO\rA, SAS Proc CLfrl f9B5).
rvhich also tcsted and corccted lbr the lemforal
variat ion in f ish length (covariate). Tcsts for '
homogeneity of variance and linearilv betr!ccn the
clcpcndent and independent r.ariablcs w.ere made
before each stat ist ical test and the data *crc rrurrs-
formcd. if necessalv.

Stomach contents wcrc rcmovecl in the lahora-
tory. rinsed to removc lbrmalin and preserr.ccl in
709/o cthanol. Contents of the ninc common pred-
ak)r species rvcrc identified kr larnilv or order,
counted and the ent;rc contents of the stomach
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' IAB l . l l  
l .  Sp( !  i . "  l i i r .  in , ) r l c .  o l  ro ra l  rbu . i l !ncc .  i rd icar i rs  p resence (+)or lbsence(  )  d  eoch sampl ing  t ime iL i th  dd ta  f i  oDr
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leighed on a tqrJoading. 2-dccirrral-pJacc balancc.
Princi Jral Corrponcnts Analysis ( l ' }CA,,sAS l ' roc
Faotor I9l i5) \ \ 'as used l(,  i r lcnt i fv thc prcv catc-
gor-ies that o<r'urred in large numbers and to iden-
til,v those categories that dillired in abundance
. rn ' , , ng  ,  " l l r c t i un  J . r l e -  r nd  p redc to r  - pe r i e - .

The stomach o)nlenl \ \ 'c ighls of c um salrnon
anrl Pacifir: sand lance (Arnnuxhtes hexapteru.s)
\rere used to estimate the level oi feecl ing activi ty
br these species. during each collection d:rte at

cach site. Other species lere not colected in sulfi-
cient nllmbers to allot' comparisons ('l'able l). Con-
tent weights \rere compared using an ANCOVA
lhich also tested and corrected lbr the effect that
gror,".th-induced inclease in fish rveight (covariate)

had on stomach content $,eiglrt. f)ata transforma-
r i , , n  \ \ j r -  n , , r  n , .  ,  s s r r r .  l t ,  . r ,  h  - . i n r  ,  u l l ce t i , ' n  l ime -
ea(ih . lav \rere kept consiskrnt Lo minimizc the
potential confounding cf lec,ts carrsed bv dicl
variat ion in stomach conlcnl cornposit ion and
1{,erght.
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Results

Species Presence

A tutal of 29 fish spccies \\'ele cruglrt during this
studv (Table I.) .  Paci l ic sand lance. chLrm sainron.
ancl lhrccspinc st icklcback $crc by fal the most
abrndanL species. cornposing 9l(/o of thc total
catch. The ten most abundant species were caughl
. r t  . r l l  t h ree  - i t e - .  l l ' "  d i t l i r ' " r r " "  i n  - p . ,  i e -  , . , r n -
posi l ion arnong sitcs rrcrc rnriniv duc to thr prcs-
ence or :rbserxre ofthe least abundant species. The
nurnbr:rs of indi l iduals {part icularl ,v thr rarer spe-
cies) r\ ,ere insui l i t ient to detefmine i l  Lhere *ere
significrnt diffelences in species composition
among sitcs. f,nlcss othcrrdsc statcd. in all further
analrses lhe data lr()nr al l  lhrcr: si lcs wcrc
combined.

Fivc spccics of julcni lc salmon and trout lcrc
caught. Chum salmorr $,crc bv Iar the most abun
dant. folbrecl bv clr inook salmon. One of thc l5
coho salmon caught had been tagged. indicatirg
haLcherv ol igin (n{) lc lhal mosl hulchcr--". .-rcarcd
coho  r r r d  rh i nook  -a l r no r r j u r . r r i l . -  d "  no t  r r . d i \F
tags). This f ish r, ;as caLrght on 16 Mav. 

' lhc 
codcd-

virc nose tag indicated it t'as one of 20.000 coho

that hacl bccn lclcascd inadle entl,v lrom the
Capilano hatcherv during a f lood on 9 \Iarch
I 983. Tlvo sockeve salmon and live steelhead rrere
also cau€iht.

Seasonal  Abundance Changes

Onlv a lcv species, such as threespine stickleback

\Castents tew oculeatu;), English solc. spccklcd
sanddab (Cithrzrichthyr stiptmacrLt.). slarrr fl ounder
\PLatitlths stellatu^:), Lirleprxrl sculpin (Oligtcottus

nrLcuhtsus) and l'acific staghorn sculpin (lep-

tocottut amLatus), \rere presenL Lhroughout nosl
of thc r-caf (Tablc l) .  Spccics r- ichncss showed a
seasonal trend at all sites. l,ith more species be-
ing caught during spring (particularl,v at sites 2 and
i3) and earlv surnrner (si te l)  (Figure 3). Site I  had
grcatcr spccics abundancc than the other sites dur
ing most of the late lall and winter colleclions. To-
tal lish abundance also showed a seasonal trcn{].
w i th rnorc incl ividuals bcing prcscnt in spring and
summer (l'igure ,1).

Churn salmorr lere caught in Nlarch and fiom
NTay to AugLrst. u' i lh grcatcst abundance in }Iav-
June at a deDsity oi approximately 1.5 in-
dividualshn'? (Figure :l). Chinook salrnon wcrc

i -r

i r

///

M O N T H

Figure 3. \urrber of species caught at each sarrple site in 1983.
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caught i lom Mav to Septernber * i th a peak dcn-
-sitv of appror.irrrattlr'0.1 incliriduals/m'z in X'[av and
Junc. Numbcrs lere relat ively lo* in AugLrsl i lnd
Scpternber. ( loho salmon lcre caught onh on 16
\'l:rv ancl 7 JLrnc. Sockcvc salmon rlere caught onlv
on l6 J' lav and steelhead r, 'ere caughL in l \ l  av and
June  (da ta  noL  sho$n ) .

Pacif ic sand lancc rere caught l iom March to
thc end oi June onh. r l i th the highcst abunclance
in earlv N'[av at a dcnsitv of apploxim:rtelv 7.5 in-
dir icluals/m' ( l ' igule. l) .  Thi-s rnay be an rrrrr lcrcs-
timate as -r:ud lance lrre ah]e lo burro$ in thc sand
ancl potcntial lv aloid cuptule. lhreespine sLicLle-
brck rrere cauglht in relat ivcl l  lorr nurnbers
throughout nrost of the vear. uith one !er,v largc
sample in ,(epternber-ill Sile 3. Scdsonal abundance
trcnrls fol othcl cornmon species are ;r lso sh{r$n
in l ' igule'1.

Length-Frequency Dist r ibut lons

For cach of the nine .onrnon spccics. thc sizc of
fish capturr:d rJitJ not diffcr among sites during each
collect ion tr ip (P > 0.05). Houcvo. rncaningful
sfaL;al or lemporai comparisons oi lengths ofsome
f i - l r - ; ' . . , *  r r "  [ im i t c , l  h \  - ' r , a l l  ,  c r ,  l r  - i , , . -  r r  j , r n ,

sitcs ancl t imes. ,{ f ter r.omLining catchcs i lonr al l
si tes. ancl Jirnit ing fLrfthcl-andlv-( is to the lour mosl
cornrnon species. vari;rtion in lcrrgth-frctltrcncv dis-
tr ibutions r, ;crc dctcctable ( l '  (  0.05). ancl thrce
oi the ibur spe< ies sholcrl  tcmpor-al trcnds (chum.
sarrd larrcr:.  st icklcbrck; ! igule 5i.  The beach seine
rnal not har:e been elfect ire at caLc hing srral l  f ish.
puticularlr  post- lrrral slagr:s.

l l r e  t l * t  ,  h ' , r r  - . r l r n , ' r r  r r 1 , p ,  r r , . l  i n  , , r r  - . r n l

plcs in N' l tuch at a length oi i3t- i37 mm (Figrrrc 5).
-\ ize incr-eased orcr t inrc unti l  June. reaching a
mcan size oi 52-55 mnr. f)Lrf ing this pcriod" thc
nlearl  lenir lh irrcrcascd at a rate of 0.20 mrn.d-t.
Chinrxrk salnron i i lst nppe:rreci in \ ' lar as snrolts
( i0-120 mm). but measrrrenr{rnls of thosc caught
erch monlh into thc fal l  sholcd no
mcan size. I taci l ic sand lancc ranged in sizc from
25 to 135 nrn. The largel sand lance (130-135
rnm) \rere cRf lured lrorrr \'larc h to \Iry'. ln \'lrry.
a serrrrrd. srnalJcr-agc class appealed (2,->-i}0 rnn).
Indi l icluals in subsequenL .ol lecl ions ;nclcascd in
rnean size unti lJurre thcn lhc f ish lere nearlv the
size of thosc crptulcd in \ Ialch. The srnal lest
lhr-ccspinc st icklebacl<s *er-e caLrght in August
I l0-25 nrrn) ancl mcur size increased through the
ial l .  lhe rnean size of thc st icklcbacks also in-

creased through the sprirrg * i th thc capture of the
largcst incJivichrals in X{ay.

The other spe< ies of salmon captured ranged
in size from 60-120 mm lor coho. 89-97 rnrn frrr
sockcvc and 134 28,1 rnm for steelhcad (data not
sholn). The taggecl coho salmon caught on X' lav
I t ,  r ' . r -  l l l  m n  i n  l e r r g t l r .  l t r r h  i r n n r r t . r r ' ,  i r r
divicluals of Lhc lour spccies ofsole. torncod. err la-
chon. and northern ancholv lcr-c caught. Size
ranges (rf  oLher spccics lcrc: l ingl ish sole t i-6i
mm. specklcd sanddab I9 1I7 rnrn. SLarr\ ' f loun-
dcr 21-,130 mm (al l  brrL one exccccl ing 50 mm)
and t iclepool sc,ulpin l6-9,1 mm.

Stomach Content Analyses

Thirtv-onc pre,v Eiroups lere idenLif icd in the
. l u m r c h .  o f  t l r e  n i r r c  , , r r n r r ' , n  p r ' , , l r t o r  - p e c i e - .
Based on the lariablc loadings on the f ir 'st threr:
fartors of thc I'CA (desclibing 94oll of the varia-
t ion in the data matrix). cight prcv group-r rere
sulf icicnt to chdrocte ze the feeding habits ol thc
predatols (Table 2). Food ctrtcn bv the l ish was
cithcr planktonic (e.g.. crusLacean larvac. calanoid
copepods. ancl Oikopl:ura sp.) or cpibenthic (e.g..
harpacti toirJ copcpods. arnphipods. and crrrna-
ccans). \ ' lost of the lood iLems resir led natural lv
in mrrine or estuarinc habitats. Holrever, some
foorl i tcms did ol iginate l iom freshlaler sourccs
(e.g.. some specics of cladoceran-s). We do not
knorl lhether the cladoccrans irr lhc diets lere
consLlrned during thc sdlnonids' migration frorn
f r ,  - l r r . . r l ,  r  h . r h r t . r t -  o r  r ' e r .  l l r , - l r . , l  t , ,  r n . r r i nc
rcgions beibre beinpl consumerl.

Copepocls consLrrrcd bv churn salrnon. t idepool
sculpin. and the three species ol llatfish lere al
most exclusivelv hiryacticoids. r'hereas sand lancc
and threespine sl ickleback consurned both cala-
rroicl  and harpacticoid copepods. Amphiprxls lcrc
consurned by most sfecies r lrrr ing most sampling
times (Table 2). Othr:r prcv spccies (e.g.. crLr-qLe-
cean anrJ rJccapod larvae. rnd cumaceansl varrccr
i I  i r npo r l . r n ,  c  ( l - 1 , - n , l i r r ; , , r r  t h I  p |eJ . r t o r  - pe ,  i - - .
Furthcr- prcv composilion cornpar-isons among spc
cies lrere hampcrr:d bl the small  nurnbers ol
skrmachs cramined. The eight toho salmon cxam
ined had emptv stornachs ancl vcn fel lbod i terns
were fuLrnd in larral f ishcs'-. lomachs (e.g.. sand
lancc captured in X{av).

\ \  e lere unable to f incl signi l icant spatial or
tcmpord lariation irr the amount of lood consumed
bv churn salmon or sand lance (p > 0.05).

;0 \ ' lacrlonald and Chang
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Horreler. larger fish dirl urrsumc larger meals (as

cxprssed bv the coladate storndch contcnt n'ei€{ht:
p < 0.051 and. fol chum in part icular. as srzc rn-
.feased $ i lh t imc ( l ' igure 5), larger food i tems be-
came more commo. in thcir dict.  l 'ol  example.
(rpeprxl crrrsurnption 1r:rs lpeatest earlv in the vr:ar
( l ' larch-\Ia1) and decl inccl rvi th incrcascd con-
sumption of larger prcv spccics such as amphipods
and cumrccans (fable 2). Horever. seasonalvar-
iat ion in the t lpc of ibocl avai lable mav atso hare
hatl  an effect on dieL.

Discussion

Our stLrdY clearlr,  shoirs use of nearshorc marrne

habitat h1- lish in ouLer BLrrrard Inlet. lhese -"ites
1\,ere used b;- salmon and other iish specjes. par-
Licrr lar lv during thc spring and summer whcn both
species abundancc and total l lsh abundance r lcrc
greatest. S;mil i l l  t lcnds ibuDd b_"- Co|don ancl T,cv-
ings (1984) in the f ' raser River esluan rrere cor
related to the incfeascd tcmperatures at this tinle
ofyear. Thc 29 species of lish identifiecl in Rurrard
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lnlet in this studv *ere among the 37 species iden-
tified br Greer et al. (1980) and the 57 identilied
bv (hrdon and Le, ' ings (19tt4), aL Lhe nrouth of
thc Fraser River estuan - lnshorc f ish popLrlat ions
in cstuarics arouncl thc world tvpictllv have mod-
est species diversity \vith a dorninance of the total
nurrbcr of indir icluals bv a fcl '  spccics (Hacdrich
I9t l i3). \{ost of the non-salmonid species rre of no
commercir importamce. e)icept for Pacilic herrin€{
and eulachon (rhir.h were rar-e in our samples) anrJ
English soJc. Hor,".clcr" manv ofthcsc spccics, such
as Pacilic sand lance. sta v ilounder. kelp green-
ling (Hetagrannns le(:agromtLtrs\. and su ff smelt
(Hlptnnesus pretiosus prcfi;slrs) llle imporlant in the
d ie l s  o f j u ren i l e  sa l rnon  ( I I a r t  1973 |  nnd  sea  b i r ds
(Hav ei al.  l9B9).

l 'ol  the juveni ie slages ol salmon. sand lance.

1ri1e perch ancl manr sper: ies oi l latf ish. the studv
sitcs sorcd as a tlansit arca, t'hcrc temporarily.
ieeding and other activities associated rrith rear-
ing (e.g-. predator avoidancc) l ikclv occrrr.  Juvc-
nile wild and hatcher,v coiro and chinook satmon
and stcclhcad producccl in llurrard lnlct strcams
inust pass through Burrarcl Inlet during Lheir sea-
lard migrations. Juvcni lc salmon produccci in thc
l'raser llir.er are also known to enter outer Bur
lald Inlet (K. ( ionl in unpublished daLa). Subse-
qucntlv, thc salmon lrill molc offshore (Healer,

f980. I9BZ) and manv of the f latf ish species wil l
rnolc to dccpcr' l ratcr {Ketchen 1956; Hat 1973).

Othcr spccics ar-c prcscnt in shallot' nearshore
areas for :r  substanl ial period of the year. These
were lrerlLrerLl, '  snal l  species such as specklerJ
sandclab. threespine stickleb.rck. scubins. €iunnels
and pipel ish. Further -stud)'  of the resi. lence Linres
of individuals of cach spccics is required in order
Lo deLermine rhich species fema;rr nearshore for
their entire lives. 

'l'hreespine 
sticklebacks and Pa

cif ic staghorn sculpin are found throughrnt thc vear
on t idal brnks rt  thc nrouth of thc Frascr Rivcr
(Cordon and Ler.ings 198.1). Presurnablv. near-
shore habitats provide feedirrg opporttrrr i t ies and
protection from predation. Ho$ever. nearshore
populat ions ol plcr f ishr:s in rnicl t intcr ' .  albcit  in
loler numbels than in larmer months. ma,v pfa)-
r iJr .rn t  ' : r  nt i :r l  l l ror l  . , ,Lrrrr Ial Lirds ,,r  er rr i rr tr  r  -

ing in the Str:rit oi Oeorgia (\iermeer I9Bi3).

Our samplcs includc imrnanrrc individuals of
rnany species that were also captllled as adults.
Irnmature incl ividuals ol slarn { loundcr. sand
lance. and t idepool sr:ulpins were captured in Lhe
spring and car\ summer. suggesting that the adr ts

of these species. thal $er-e captur-ed in thc lr intcr
or early spring. irere in nearshore u,aters to spa\\'n
rH r \  / /  a / .  l t tHq r .  Th ,  - , .  I ' J l t ,  r n j  r r ,  ,  ons i s ten l
lith obscn':rtions of st{r'rv flounder on Roberts
Bank (Gordon and Ler.ing-s 198,1) and the spai!'n-
ing t imes reported bv HarL (197:l).  A species
closcl_-v rclatcd to the tidepool scr pin (sharpnose
sttrlpi'r. Cl;notnLurs atalrliceps) has bern obserr.ed
spawning in Vancouver Harbour liom Januarv
th r , , r r ; h  41 , r i l  r \ l r r ' l i u r .  l qB l t .  Th ,  immr lu r c
stages of threespine sticklebacks and speckled
s:rnddabs in Bulrard Inlet and Lhreespinc st ickle
backs at thc mouth of thc Frascr Rivcr (Cordon

and Levings I9B4) occur in mid summer. suggest-
ing that thcv sp.rwn during thc spring in the Van-
cou!er area. Threespine st icl lebacks are fep()r lrd
to spavn from April to Scptcmber (Scott and (lross'

man t97l l) .  and mav have hr,o spa$ning peaks
(Apri l-NIa_,- anrl  late August), in marine \\ ,ater near
Vancouvcr (Dr. D. ]\'lcPhail. Unir.crsitv of British
(lolumbia, personal communication).

Juvenile pink salmon were nol caught in our
stud,v because spawnin€i runs in southern Bliti-"h
ColLrnbia general ly o<rcur in odd-numbcr-cd vcars,
t'ith the dot'nstream juvenile migrations in the fol-
lowing even-numbered years. We would erpect sig-
nif icant numbers oi jLrveni le pink salrnon in our
studv area during the sp ng of even-numbered
reals (Heard l99l ).

The scarcitv of jurcni le sockeye salmon in our'
study \\,as expected because adult sockeve escape-
ments to Burrard Inlet streams are verv lorr.  Thc
fcw that *c caught cluring this studv mav irave
come liom the Fraser River. Juvenile sockeve do
nol uLi l ;ze the nearshore marine envirurrrrrcrrL L(J t l
great eri tent (Healev 1980. l9B2). l 'en ue found
in the littoral zones at the mouth ofthc Frascr ltiver
despite a large socleve salmon oulmigraLion each
spring (Ler.y and Northcotc 1982, Cordon ancl
L r r  i ng -  l o8  l t .  i t " " l h " . r d  r ' . r "  , r l - o  - ,  a fee  i r ,  ou  f
study. There are relat i lelv lo$ escapements of
sLrclhead to Burrard Tnlct strcams. and they mav
not use nearshore areas for lransit to offshorc
h rL i t r t - .  I n ,  r , . r . , . l  - i rmp l i n€ r  i n  d i i f e ren t  r eg io r r -
is needecl 1o evaluale the irnportance of Rurrard
lnlct to stcclhead.

Onlv a small  numbcr of juvcni lc coho salmon
n'ere caught in this study, and onlv in Mav and

June. despite lhe large numhers Lhat are produced
in Burrru-d Tnlct strcams (both from natural spa$n-
ing and hatcheries). S'hi le coho salmon frv havc
been sholn to prolongl residence in inner estuarine
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regions rJurirrg spring and sumrner (Tschaplinski

1988). othel studies. such as Hcalov (1980.) in the
outer Nanaimo Rir.cr estuan', Nlc(labe cr .1L (1983)
in the Columbia estuary and Le\v anrl  \orthcote
(1982) in the Fraser Rircr cstuar-! ' .  have shown
that jur eni le coho salmon l iv and srnolLs ( l  + ) do
n,, l  rr l iLrc oulcr e-trrrr i , : .  rnrl  nclr.Lrre marine
areas (such as our stucly t l fea) to a greal extent,
Coho tagged and rclcascd from the Capilano
Hatcherv r,;crc not recaptured six clavs latcr dur-
ing our l i rst sampling t l ip. Thcv mny h11.s 1s
rnained in the Capilano cstudrv*! or more l ikely
mo\ed offshorc. out of leach ol our neLs. Tn 1979.
Conlin (P. communication) caught ser.eral juve nile
(,(rho s lmon. $' i th ( iapi lano Halcherv tags. at t i ro
sites l,".ithin oul studr,- arca. Holrevel. he founcl thaL
capturcs of ta€tf(ed coho salmon at si tcs through
out Bunard Inlet droppcd off ver,v .luickly 1r!o to
Lhree clavs aftcr thcil relelse from Lhe hatchern'.
A morr intensi le sampling schtrJulc may be re-
qui led to docrmcnt habitat used bv coho and thc
t iming oi their outmii lrat ion.

ln oul sludr. chinook salmon l irst appeared as
60+ mm smolts in XIav ancl $ere prcscnt unti l
Septernber'  ( I  I0 + mm), although numbers tere
relat irelr l rw in August and September'.  Peak den-
sit ics in Nlar '  and June wefe Llr;cr thtn those
reported in Fraser Rivcr-t idal channels bv Levl
ard No hcotc (1982) (0.10 vs. 0. lB indir. iduals/
m'z. using cliffcrcnt s:rrnpling methods). Sirnilal sizc
rangcs ancl residencl periods r,;crc obscrred in
shal lot 'rnar- ine locations adjacent to the Camprbell
Rirer estuan (Lcvings et aL. 19'A6). i  lhe outcr
cstuarv olthe Nanairno Rivcr { l lcalcv 1982) and
in the Colurnbia Rivcr cstuar-v (trIcCabe et nl.
I  9i l3 ).  ChiDook salmon in the outcr cstuarr of the
Yaquina Rircr cstuan, Oreplon. ale abundanl frnrn
June to September',  although lovcr numbers lere
carrght throLrgh October and Novemlrer (l\lvers and
Holton 1982).

On thc t idal banks al the mouth of thc Fraser
Itiver, juvenile r:hincxrk salmon t'crc lirst captured
in March or April (Cordon and Levings 198,1.) r,ith
peak abundancc in Nlav (( ionl in et aL. 19321. Al-
loving for estuarine residencv t imcs of up to 30
davs (Lery an(l  \olthcote 1982). these f ish. and
chinook salmon l iom other nearbv svstcms, could
conceivably bepjn to appear in thc adjacent Jittoral
zones of Burrafd Tnict in Nlar ' .  

' l 'he 
absence of

taggcd chinook salmon in our sLodv incl icatcs that
f i l .  i fanv. Capilano Hatchery chinook rrcrc prcs-
cnt \rhen rre sarnpled. Hortcr.cr-. in Conliris un-

puhlished stud'- i r  1979. tagged jur.eni le chinook
salmon from the (iapilano Hakrhcrv *'crc captured
at hlo sites irithin our stud,v alea. Hatcherv r-eleascs
occunecl I7-62 cl bcfore t 'e began -"arrrpl ing and
thLrs wc mav have been 1oo JaLc to sample the peal
outrnigration of these fish from Burrard Inlet. Al-
ternativcl,v. thev mav have attained a sufficient size
to have rnoved to deepcr r\.atcr. bevond the reach
ol our nets. Juvenile chinook salmon captured bv
purse seine ol ' [  thc mouth of the Fraser Ri, 'er had
begLrn to movc to deeper water at a length of 50-55
mm; l0 mm longel than thosc captured bv beach
seine in shal lowcr rratcr (Levings 1982).

81, iar thc most abundant of thc jur.cnile

salmonid species in our studv was the .hum
salmon. prcsent from March 1() ALrgust. Thcre tfere
t$o peaks in abLrndanct (March and \Ia1) during
sh i ,  l r  t h ,  J ,  r r - i t r  r , l " l r r r r n  -a l r n , , r '  r t  , ' , r r  - i t { - -  e \ ,
cccded that recorded in Lidal channcls in the iower
l ' ra-ser River estuarr (0.]4 vs. < 0.60 indi l iduals/
m2. T,cw and Northcote t9t l2. using a di l lerent
sampling methocl).  Vhi le the tt 'o peaks in abun-
dance mav be due 1o sampling vuriabilitr,. thev mav
also |eflect diffcrcnt outmigration slrategies. A simi-
lar pdttcrn in abundance was found by Healey
(1982) in the ouLer estuary ofthc Nanaimo River.
The iniLial peak in l larch in our sarnples mav rcp-
rcsent juveniles that dispersrd scarvard immedi-
ateiv aftcr reaching the r iver mouths (Mar-Apr. in
the lraser River. Ler,v ancl Northcote 1982. C,ctr-
don and T,cvings 1984), r'hile the laLer', largcr peak
bcginning in Slav mav reprcscnt jur.eniles that have
rec red  i r r  . . t u r r i - -  p r i o r  t o  r n i g ra t i ng  t , ,  m r r i n ,
areas. Lcr-l and Northcote (1982) ha1.c rccorcled
chum remaining in an estuar-inc tidr channet com-
plex for up to 11 da,vs. lhe main praks in abun-
dance ol chum salmon in the outer !-raser- and
Nanaimo River estuaries and in shal lorr 'marine lo-
cations in the Culflslantls (southem Geolgia Straiti
*ere also found to occur in Nlal--June (Hcalev
1980 ,  l 982 ,  ( l o rdon  and  Le r i ngs  1984 ) .

Thcrc l'as a general increase in mcan size ol
juveni le chum in our samples l iorn March (r 'hen
thc_v l i rst appealecl in samplcs) unti l  earlv June.
We clo not knor,". if this t as due entirclv to growth.
since 1r'e have no information on the residencc
tirnes of individual f ish at the sludt- si tes. although
stomach rnalvses indicated that chLrm lr'c captured
l,".cre 1eeding during the period thcv r,".ere present.
The lack oI sizc jncrease in later samplcs is prob-
ably due to emigfat ion of larger f ish to subl i t torul
and cve'ntually offlhore areas.
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I i rnigrat ion l iom esLrrarine ancl marine near-
shore areas bv chum and chinook salrnorr is l ikclv
rclatcd to size (Levings I9lt2). ancl possiblv abun
dance. occulr ing al approrimrtcl,v 5.0-6.0 cm and
12 .0 -17 .0  c r r  b l  chum and  ch inook  sa l rnon
respcctir .ch (Xlvers and Horlon 1982. McCabe et
o1. 19Bjl).  DLrring pcriods of peak l ish abundancc
in arcas. l ,hen potentir l  ( lmpdit ion lbr l i rnited
i ird resorrrccs is highest. ol ishore molcnrcnt nlav
bc rclatcd to availabilitv of prcfcrrcd prev orgrn-
isms. Lerings (1982) found juveni le Frasel Rivcr
chinook salnron kr leecl selecLirelr on thc larger
itors alailable in the rater colLrrrn. Simenstad and
Salo ( l982bl suggcsted the presence of largc
pclagic copepods in subl i t loral arcas nlav eri f lain
offshorc rnorcmcnt o{ churn salmon in thc Hood
C.rnal. Wr.hingLon Slal.r. Ho\r\.cr. studies bv Cer-
rath ( l96i3). Stoclcrcr and ( i l i1 (1979) and unpub-
l ishcd obscl lat ions of zrxrplankton populat ion
grolth bv -stalI  ofthe$'csl Vancouler LaboraLor-v
lounrl that zooplankton abundancc in outcr Bur
lald Inlet \ras highest in spring and -"ummer. As
thr: pcr-iod of greatest lish :rbundancc occurs rr.hen
lood resources are glcltcst. competition is unlikelv
to bc thc rnain lbrce drir'ing ernigration from near

SLomach contcnt ualvses in our stLrdv indicated
that most l ish tele feerJing throughout the periorJ
dLrring thich thcv lele caughl. l \{eal w.cight and
-rize oi incl i l ic lLral prcv i tcms increasecl as the scr-
son progrcssccl and the f ish grerr. This tas also
obser!ed bv Karpenko (1 982). Small  sample sizes
' , f  m , ' - t  f i - l r  . 1 "  ,  i , :  . r n r l  l . r e l  n i  r e - i de r r ,  r  t im ,  i n -
l i rrmalion prevents us fnrm making f irrn conclu
sions regarding interspcci l ic cl iet overlap or the
irnporlancc ol nearshore zoncs for fccding and
gtolth. Hou'c, 'cr.  based on the species of prcr
idcnti l icd. i t  is apparent lhat a I iuirtv of habitats
act as a soLrrcc offood 1br i ish captured in l i l loral
zones. l ipibcnthic h:rhitats suppon harpacticoid
copepod-r. cumaceans. anrl  arrphipods thal are
l o u r r J  i r r  t l ' - , l i ,  t -  , ' l . r  n r r m r  r e r  , , 1  f i - 1 ,  - t , ' ,  i - . ,  r p -
turccl in this studv. inclrrding chum salmon. Olher'
in\csl igators leport sirni lar l incl ings ( l lcalo. 1979.
1982. Bai lel et ul.  19i5" Simenstad and Salo
l9[:12). Food of planktonic origin. r,ornmonlv lbund
in  l hn  r l i e t -  o f  - c ' r , l  Ln ,  ,  l n , l  o thc r '  - pe ,  i e - .  n r . r r
h:rve been plrxlLrccd in Burrard lnlet or drifLecl l ith
Lidal currents lrom other Srrdt of Ceorgia Lrations.
Flc-.hrrater habitats arc also import:rnt. provicling
cladocera and insect-s lbund in the stornachs of fish
i r r  nea r - l r , ' r -  l r r r l , i t . r t - .  Tn -ee t -  c re  rnn re  i n  l , , , r l r n l

in diets of i ish captured at the rrouth ofthc l ' raser
l l iver than those caplLrrcd in oru -stuclr ' (Lcvings
L 9fl2 ).

The studv arca is located l i thin the rnctropol i-
lan Vilncouver atea. The Jand adjaccnt to the studr
sites is a residential arca. $hich is not subjcct to
lhc rrorc cl isluptire el lects of industr ies and port
Iar: i l i t ies locatcd in thc inner basin oI Burmrd ln,
lct. Ncr.ertheless. waterfront rcsidcntial areas are
subject to devclopmcnt pressules thaL crruld altcr
Lhc ncarshorc lisheries h;rbitat. Surfi altcrations.
including lilJing ol shallo* arcrs. drcdging. build-
i ng  o l - h ' , r , l i r r ,  p r , , t c c l i o r r  $o r l ' -  a r rd  ,  , ' n - t f , r ,  l i un
of marinas. boat launching ramps, sea\{al ls xnd
Ioreshorc parks, can declease the abi l i tv of these
arcas to supporL f ish. Tn addit ion to the Lhfeal of

1 , l r r - i , . r 1  l r : r L i t . r t  . r l t e rn t i on .  n ' a r - l r , ' r -  m r r , r r ,  . r r e . r -
and crccks adjacenL to urbiln dr'cds re subjecL to
increa-qed threats from pollution. both ironr land
-"ourc,ers and from ships.

T l r i -  . t ' r J r  hc -  - n , , r , r '  r l r J r  n , . r r - hu rc  m l l r i r rF
areas. such as orrr srmpling sites. are rrt i l izcd bv
salmon and other i i -"h specie,. dcspite urbanizarion
ol the adjacent larrr l .  Whilc salmon and mr)sl othcr '
species occupt these areas rnost hcar. i lv in the
spring and surnmer. other spccics ol l ish are pres-
ent throughout lhc vcar. These sites serve as nurs-
crv arcas for the juleni lc slagcs of manv l ish
species. whilc somc species spenrl their cntirc live-.
in these nearshor-e zoncs. I ' lost l ish that use Lhis
zone as a nurscr v- arca are l ikelv produc,ed in Bur
rarcl Inlct or nearb! streams. Tlol,".cr.er. the outer
Burrard lnleL region also has some importancc as
a rear-irrg arca {or Fraser Rir.er salmon slocks. pos-
siblv including some oI the sockcr'e. chinook and
coho salmon captuled during this studv (Conlin.
Lrnpublished feport).  Whilc salrnon t 'ere thc onlv
abLrndant spccies thal $,ere comrncrcial lr  impor-
tant. othel species prcscnt mav be importanL lo
supfort Lhe salmon's fcrocl i \ 'eb and ecos,-slem. Ihc
destruction or degradation of such arcus can there,

l::"",1:::..t*"'n,,"", 
harmful elfect-" on fi sherir:s
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