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Abstract

In this sludy, we examine the scasonal variation in fish assemblages at three nearshore marine siles on the north shore of outer
Burrard lulet, British Columbia. Manihly collections with beach seines were made o document changes in species abundance.
fish size, and feeding activitics over 1he period of one year. Collection sites represented the shallow sloping cohble beaches common
to the Burrard Inlet area. Such beaches are frequently dyked, filled or dredged for port facilities during urban developmenl. A
total of 29 species were caught, including juvenile salmonids (Oncorfivnchus spp.); chum salmon {0, keta) was the mest abundant
salmonid. Fish were canght threughout the vear. but more individuals and specics were present in the spring and summer than
at other times. A size increase over lime was noled for many of the species, and stomach analyses indicated that fish were feeding
throughout the period they were present. Frey was planktonic or epibenthic and in general originated from marine sources. Outer
Burrard Inlet functions as a lemporary early marine residence andfor nursery region for many local fish despite local urhanization
pressure from metropolitan Vancouver. The destruction or degradation of such areas can have harmiul effects on fisherics resources.

Introduction

For over a century, estuaries and nearshore ma-
rine habitats of the northeastern Pacific coast have
heen subject to numerous environmenial impacts
due to industrial, commercial, and residential de-
velopment. These areas are also important for
foraging, predator avoidance. and physiological
transition by various fish species. including Pacific
salmon (Oncorfiynchus spp.). particularly chum (€,
ketar) and chinook (€1 tshawytscha) (Simenstad ef
al. 1982a. Levy and Northeote 1982), The Fraser
River Estuary and adjacent Burrard Inlet support
important fish resources, including Pacific salmon,
Pacific herring (Clupea harengus pallusi), many
groundlish species, shrimp, and crabs (Nelles
1978}). Recently however, much of the habital on
which these species depend has been altered or
lost to urbanization of grealer Vancouver and lish
stocks have declined (Harris 1978, Fedorenko and
Shepherd 1984). Aquatic envirenments in the
lower Frascr River region will continue to be sub-
jected to development proposals which can affec
hoth the physical habitat and water quality of the
nearshore cnvironment and adjacent streams.

Data on the use of these environments by fish
is needed in order to assess and predict the effects
of development on fisheries resources. A number
of recent studies have examined fish assemblages
and habitat use of the Fraser River estuary (North-

cote et al. 1979, Greer et al. 1980, Gordon and
Levings 1984), but only limited, and frequently
unpublished information, is available regarding fish
use of Burrard Inlet (Waters 19863,

Tn this study we examine the seasonal varia-
tion in fish assemblages at three nearshore sites
on the north shore of the outer hasin of Burrard
Inlet. Sample sites chosen Lypify the shallow slop-
ing beach habitat that composes most of the un-
altered portion of the basin’s shoreline. Qur
objective was to compose a resource inventory, in-
cluding information on the numbers. species and
sizes of fish, and 1o gather information on the
source of food and degree of feeding activity of fish
present in this habitat. Uhimately, we wish to de-
scribe the value of this habitat to our local fish
stocks and identify the periods of highest sensitiv-
ity when fish migration rate and/or juvenile fish
abundance is high (nurserv periods). This infor-
mation is required to establish guidelines for near-
shore development.

Study Area

Burrard Inlel (49°18°N, 123°15' W) extends for
about 31 km from #s mouth at the Strait of Cear-
gia 1o its head at Port Moody (Figure 1A). The fol-
lowing description is adapted from Thomson
(1981). The inlet is divisible inlo inner and outer
basins by a narrow body of water (First Narrows,
Figure 1A). The outer basin, at its maximuimn, has
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a width of 7 km and extends for about 9 km from
Point Atkinson east 1o the First Narrows. It is bor-
dered by residential arcas of Vancouver on the
south and West Vancouver on the novth. The in-
ner basin is up to 3.5 km wide and extends east
from the First Narrows through the highly indus-
trialized and commercialized areas of Vancouver
Harbour. Tndian Arm extends north for 22 km
rom near the head of Burrard Inlet in a largely
undeveloped arca.

The outer basin of Burrard Inlet receives most
ol its fresh waler from the North Arm of the Fraser
River. which discharges into the Strait of Georgla
7 km 1o the south. The peak runoff period for the
Fraser River is from May to July. The main direct
freshwater input to the outer hasin of Burrard In-
let is the Capilano River. which discharges to the

north shore of the ouler basin aboul 6 km east of

the study arca.

The three sites sampled in this study were lo-
cated on the north shore of the owter basin between
Point Atkinson and Sandy Cove (Figure 1B). The

adjacent land usc is predominantly residential.

Fish Rescurces of Burrard Inlet

Salmon spawning has been observed in 16 streams
flowing into Burrard Inlct (Farwcll et al. 1987).
Between 1981 and 1985, the number of adult
salmon returning to these strecams (including hatch-
cry returnst averaged 1.200 chinook, 26,000
chum, 32.000 coho (€). kisutch). 25.600 pink (0.
gorbuscha), and 13 sockeve salmon (). nerfa). The
majority of the chinook (74%) and coho (65%}
were hatchery salmon returning to the Capilano
River. while most ol the chum {97%) and pink
{96%) salmon were naturally spawned fish rcturn-
ing to the Tndian River. Pink salmon do not return
to these streams in even numbered vears. Annual
steelhead (€. mykiss) relurns 10 Burrard Inlet
streams averaged 840 during 1981-1983, includ-
ing some hatchery production (Department of Fish-
eries and Occans, unpublished data).

In 1983 the Capilano River Hatchery released
322,000 vearling coho (average weight 15.2 g,
and 798,000 undervearling chinook salmon (aver-
age weight 8.2 g}, Thirtv-two percent of both spe-
cies of fish were marked with a coded wirc nosc
tag and an adipose {in clip. The juvenile cohe
salmon were released on June 1. The juvenile chi-
nook salmon were released on June 8 o 10
(Capilano hatchery staff. personal communication).

Addnional juvenile salmonids immigrate into Bur-
rard Inlet and Vancouver Harbour in the spring,
from the Fraser River system and possibly from
Puget Sound and Vancouver Island streams (Nelles

1678: Conlin, unpublished report).

Few lish surveys have been done in Burrard
Inlet, and those that have provide limited interpre-
tation and are restricted 10 the summer months.
Thev describe the Inlet as having a diverse and
abundant assemblage of {ish species. Purse and
heach seines. and hvdroacoustic surveys by Nelles
(1978) estimated 1000-2000 tons of Pacific her-
ring (0+) in Vancouver Harbour in late August
1973, Subtidal bottom trawl surveys commonly
catch English sole {(Pleuronectes vetulus), rex sole
{Ermex zachirus), (lathead sole (Hippoglossoides el-
lasodon) and hybrid sole (fnopsetta ischra) (Thomas
and Govette 1987). Levings (1973) identified 37
fish species, most of which were juvenile flatfish,
suggesting that shallow arcas in Burrard Inlel may
acl as nursery grounds.

Methods
Sampling Sites Characteristics

Three sites along the north shore of Burrard Inlet
were sampled (Figure 1B). Site one was an exposed
gravel beach located adjacent to the pilings, docks
and rip-rap associated with the West Vancouver
Federal Lahoratory of the Canadian Department
of Fisherics and Occans. Site two was near the mid-
point of a two km gravel beach that was exposed
o S.E. swells. Cypress Creek, a small stream that
supports a smali run of coho salmon {average an-
nual return of seven from 1981-1985; Farwell et
al. 1987}, cnters the Inlet immediately to the cast
of this sampling site. Sile three was a sheltered
gravel beach located at the head of a small cove
near Point Atkinson within a region of rocky head-
tands at the mouth of Burrard Inlet. Tt was the only
site that could be seined efficiently within these
headlands.

Surface water temperatures during sampling
ranged from 8-3°C in winter (February, March,
November) 1o about 16-17°C in summer & June-
September, Figure 2). Salinity was not measured
in this study. Despile the proximity of site two 1o
a small creek, none of the sampling siles received
large freshwater runoff from the adjacent lund. Sur-
lace salinities in the vicinity of our study area range
from approximately 20%a} in summer to approxi-
mately 25%a in winter (Thomson 1981},
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Sampling Methocs

Fish were sampled using a 13.8 m becach seine
with 4.6 m wings (10 mm stretched mesh), a 4.6
m bunt (5 mm strelched mesh), and a 3.0 m depth.
The net was fitted with a 15 m towing line attached
to each wing, with which it wus pulled off the heach
using an outhoard powered 5 m inflalable boat.
Once the net was approximately 10 m offshore and
parallel to the heach it was immediately hauled in.
With this methad we were able to consisiently sam-
ple an area ol approximately 100 m*. Sampling
was done at intermediate tide levels (2.0-3.5 m),
and usually in the early afternoon.

Thirleen sampling trips were undertaken be-
tween 4 February and 30 November 1983, Two
replicate beach seine sets were made adjacent to
each other at each site. A total of 76 sets were
made during the study. Due to adverse. weather
conditions, Site three was nol sampled during the
7 June trip.

Al each sile, fish were removed from the net
and counted into buckets filled with seawaler,
Lengths of all species of fish were recorded. Sub-
samples (n = 20-30) were used to estimate lengths
when catch size of a species excecded 50 in-
dividuals. Fork lengths were used il species had
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indented caudal fins. Otherwise, maximum total
lengths were used. Subsamples, to a maximum of
10 individuals of cach species caught, were
preserved immediately in 10% formalin. Stomachs
of the larger fish were injected with formalin us-
ing a needle and syringe.

Caltch per unit cffort (CPUE) was estimated as
the average catch per seine haul at each site, dur-
ing each sampling time. The nine of the most com-
species  of fish selected  for
length-frequency distribution and stomach conlent
analyses (species chosen are listed in Table 1).
Comparisons of lengths among sites were made for
each of the ninc species of fish using analysis of
covariance {ANCOVA, SAS Proc GLM 1985),
which also tested and corrected for the 1emporal
varialion in fish length (covariate). Tests for
homogeneily of variance and linearity between the
dependent and independent variables were made
before each statistical test and the data were trans-
formed, if necessary.

maon were

Stomach contents were removed in the labora-
tory, rinsed Lo remove formalin and preserved in
70% cthanol. Contents of the nine common pred-
ator species were identified to family or order,
counted and the entire contents of the stomach



TABLE 1.

all sites combined. Siles al which each species was caplured (a =

whole study are listed. Nine species
for stomach content weight comparisons’,

Species list, in order ol lolzl abundance, Tndicating presence (+) or absence (—} at each sampling time with data from

all 3 siles) and the total number caught during the

were selecled for length-lrequeney and slomach content analvses®. two were selected

Sample Dale

Month: 0z 02 03 03 04 05 03 06 06 08 0% 10 11 Tolal

Day: o4 17 03 17 05 03 16 07 27T 09 09 20 30 Sile Cateh (n)
Pacifie sand lance* ! - - + - - + + + + - - — a 1952
Chum salmon® * - - + - + + + + + - - a 1185
Threespine stickle-back™®  + + - + - + + + + + + - a AT
Chinook salmon* - - - - - + + + + + + - - a B
English sole* - - + + - + - + a 49
Spechled sanddab* - - + + + + + + + + + a 36
Bay pipefish - - - - - + + - + + + - - a 35
Starry flounder® + - + + + + + + + + + + + u 33
Tidepool seulpin® + - - - + + + + + — — a 28
Pacific staghorn sculpin - — - - + + + + + + + + + - a 24
Kelp greenling - - - - - + + + + + + - - a 15
Coho sulmon® - - - - - + + - - - - 1.2 15
Tube-snout - - + - - - - - + + - - - 2.3 15
Surl smelt - - + - - - + - - - + + - 1.2 10
Bullalo sculpin - - - + + + + - - - - - 1.2 8
Pile perch - - - - - - - + - + - - - 2.3 0
Steelhead - - - - - - + + - - - - - 2 5
Sharpnose seulpin + + - - - - - - - - - + 1.2 5
Pacific tomeod - - - - - + + - - - - - 3 5
Shiner perch - - - - + - - + - - - - 1.2 1
Penpoint gunnel - - - - - - + - - + - - k] 3
Crescent gunnel - - - - + + - - - - - - 2.5 3
Sockeve salmon - - - - - - + - - - - - - 1 2
Pacific herring - - - - - - - + + - - — - 1 2
Rock sole - - + - - + - - - - - - - 1 2
Dover sole - - - - - - - - + - - - - 2 1
Butter sole - - - - - + - - - - - - - 3 [
Eulachon - - + - - - - - - - - - - 1 1
Northern anchovy - - - - - + - - - - - - - 3 1

welghed on a top-loading, 2-decimal-place balance,
Principal Components Analvsis (PCA, SAS Proc
Factor 1985) was used 10 identify the prev cate-
gories that occurred in large numbers and to iden-
tify those categories that differed in abundance
among colleetion dates and predator species.

The stomach content weights of chum salmon
and Pacific sand lance (Ammodytes hexapterus)
were used to estimate the level of feeding activity
by these species. during each collection date at

cach site. Other species were not collected in suffi-
cient numbers to allow comparisons {Table 1}. Con-
tent weights were compared using an ANCOVA
which also tested and corrected for the eflect that
growth-induced increase in fish weight (covariale)
had on stomach content weight. Data transforma-
tion was not necessary. Beach seine collection times
each dayv were kept consistent o minimize the
potential confounding effects caused by dicl
varialion in slomach content composition and
weight.
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Results
Species Presence

A total of 29 fish species were caught during this
study (Table 1}. Pacific sand lance. chum salmon,
and threespine stickleback were by far the most
abundant species, composing 91% of the total
catch. The ten most abundant species were caught
at all three sites. The difference in species com-
pesition among sites were mainly due to the pres-
ence or absence of the least abundant species. The
numbers of individuals (particularly the rarer spe-
cles) were insufficient to delermine il there were
significant differences in species composition
among sites, Unless otherwise stated, in all further
analyses the data from all three siles were
comhined.

Five species of juvenile salmon and trout were
caught. Chum salmon were by far the most abun-
dant, followed by chinook salmon. One of the 15
coho salmon caught had been tagged, indicating
hatchery origin {note that most hatchery-reared
coho and chinook saimon juveniles do not receive
tags). This fish was caught on 16 May. The coded-
wirc nose tag indicated it was one of 20,000 coho

NUMBER OF SPECIES

that had been released inadvertently from the
Capilano hatchery during a flood on 9 March
1983. Two sockeyve salmon and five steelhead were
also caught.

Seasonal Abundance Changes

Only a few species, such as threespine stickleback
{Gasternsters aculeatus), Fnglish sole, speckled
sanddab (Citharichthys stigmaeus), starry (lounder
(Platichthys stellatus), lidepool sculpin (Oligocotius
maculosus) and Pacific staghorn sculpin {Lep-
tocottus armatus), were present lhroughout most
ol the year (Table T}, Specics richness showed a
seasonal trend at all sites, with more species be-
ing caught during spring (particularly at sites 2 and
3) and early summer (sile 1) (Figure 3). Site 1 had
greater species abundance than the other sites dur-
ing most of the late fall and winter collections. To-
tal fish abundance also showed a seasonal trend,
with more individuals being present in spring and
summer (Figure 4).

Chum salmon were caught in March and from
May to August, with greatest abundance in May-
June ar a density of approximately 1.5 in-
dividuals/m?® {Figure 4). Chinook salmon were

/ : LEGEND
\_ Siteg {1 #———n
Site 2 O— —O

Site 3 m—-—u

Figure 3. Number of species caught at each sample site in 1983.
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caught from May to September with a peak den-
sity of approximately 0.1 individuals/m? in May and
June. Numbers were relatively low in August and
September. Coho salmon were caught only on 16
May and 7 June. Sockeyve salmon were caught only
on 16 May and steelhead were canghl in May and
June (data nol shown).

Paciflic sand lance were caught from March 1o
the end of June only. with the highest abundance
in early May al a density of approximately 7.5 in-
dividuals/m® (Figure 4). This may be an underes-
timate as sand lance are able 1o burrow in the sand
and potentially avoid capture. Threespine slickle-
back were caught in relatively low numbers
throughout most of the vear, with one very large
sample in September at Site 3. Scasonal abundance
trends {or other common species are also shown
in Figure 4.

Length-Frequency Distributions

For each of the nine common species. the size of
lish caplured did not differ among sites during each
collection trip (P > 0.05). However, meaningful
spalial or lemporal comparisons of lengths of some
lish species are limited by small cateh sizes al some
sites and times. Afler combining catches from all
sites, and limiting lurther analvsis to the four maost
common species, variation in length-lrequency dis-
tributions were detectable (P << 0.05), and three
of the four species showed temporal trends (chum,
sand lance, stickleback; Figure 5). The beach seine
may not have been elfective at calching small fish,
particularly post-larval stages.

The first chum salmon appeared in our sam-
ples in March at a length of 31-37 mm (Figure 5).
Size increased over lime until June, reaching a
mean size of 32-55 mm. During this period. the
mean length increased at a rate of 0.20 mmed™.
Chinook salmon first appeared in May as smolts
(70-120 mm), but measuremenlts of these caught
each month into the fall showed no increase in
mean size. Pacific sand lance ranged in size from
25 to 135 mm. The larger sand lance (80-135
mm) were caplured from March to May. In May,
a second. smaller age class appeared (25-30 mm).
Individuals in subseruent collections inereased in
mean size until June when the fish were nearly the
size of those captured in March. The smallest
threespine sticklebacks were caught in August
{10-25 mm) and mean size increased through the
fall. The mean size of the slicklebacks also in-
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creased through the spring with the capture of the
largest individuals in May.

The other species of salmon captured ranged
in size from 60-120 mm for coho, 89-97 mm for
sockeye and 134-284 mm for steelhead (data not
shown). The tagged coho salmon caught on May
16 was 111 mm in length. Only immature in-
dividuals of the four species of sole, tomeod, eula-
chon, and northern anchovy were caught. Size
ranges of other specics were: English sole 17-67
mm, speckled sanddab 19-117 mm. Siarry floun-
der 21-430 mm (all bul one exceeding 50 mm)
and tidepool sculpin 16-94 mm.

Stomach Content Analyses

Thirty-one prev groups were idenlified in the
stomachs of the nine common predator species.
Based on the variable loadings on the first three
lactors of the PCA (deseribing 94% of the varia-
tion in the data matrix}. cight prey groups were
sulficicnt to characterize the feeding habits of the
predators (Table 2). Food caten by the fish was
cither planktonic (e.g., crustacean larvac, calanoid
copepods, and Oikopleura sp.) or epibenthic {e.g..
harpacticoid copepoeds. amphipods, and cuma-
ceans), Most of the [ood ilems resided naturally
in marine ot estuarine habitats. However, some
foed tems did originate {from freshwater sources
(e.g.. some species of cladocerans). We do not
know whether the cladocerans in the diets were
consumed during the salmenids’ migration from
freshwater habitats or were flushed to marine
regions before heing consumed,

Copepods consumed by chum salmon, tidepool
sculpin, and the three species of {latfish were al-
mosl exclusively harpacticoids, whereas sand lance
and threespine stickleback consumed hoth cala-
noid and harpacticoid copepods. Amphipods were
consumed by mosl species during most sampling
times (Table 2). Other prev species {e.g.. crusla-
cean and decapod larvae. and cumaceans) varicd
in importance depending on the predator species.
Further prey compesilion comparisons among spe-
cies were hampered by the small numbers ol
stomachs cxamined. The eight eoho salmon exam-
ined had emply stomachs and very few food items
were found in larval fishes’ stomachs (e
lance captured in May).

.g.. sand

We were unable Lo find significant spatial or
temporal variation in the amount of foed cansumed
by chum salmon or sand lance (p > 0.05).
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TABLE 2. Counts per fish of major preyv groups of the nine most commeon predators in the litleral zone of outer Burrard Enlet.
Prey groups determined by Principal Components Analysis.

Chum Chinook Coho Pacilic Threespine
Predator sulmon salmon salmon sand lance stickle-back
Manth Mar.  May June  Aug Muy  June  Aug-Sep  June Mar  May June Feb May
Copepods 10.4 1368 0 2.2 0 0.3 0 0 190.0 0 6.7 35.0 8.1
Cladocerans 0 1.9 1522 0.4 0 Q0 4l 0 0 0] 18.3 0 7.1
Other crusta- 0 1.7 0 0 0 0 0 0 0.2 0 0.4 0 L14.4
coun larvae
Amphipads 1.0 7.5 1.2 135 0 1.1 2.0 0 0.7 0 1.0 0.8 9.1
Decapod larvae 0.6 0 0.5 0 0] 1.3 1.0 0 #35.2 0 0.3 0 0
Cumaceans 4.0 0.2 183 14.9 0 271 0 0 0.3 4] 0.1 0 0
Cirripedia 0 3.4 0 0 0 0 0 0 0 0 0 0.8 6.3
larvae
Oikopleura sp. 0 6.3 0 0 0 0 0 0 2.2 0 0.1 2.3 13.9
Sample sive 3 43 1 8 1 7 2 8 4 14 16 1 7
TABIE 2. (cont’™d)
Predator Tidepool sculpin Starry flounder English sole Speckled sanddab
Month Feb  Mar May June Sep Feb  Apr May  Apr May  Nov  Apr  May June Sep
Copepods 0.2 16.0 0 65 0 0 0.6 0 400,00 1016 2.0 0 0 0 2.0
Cladocerans 0 0 0 03 0 0 0 0 0 0 0 0 0 8] 0
Other erusta- 4 Q 0 0 0 0 0 0 0 0 0 0 0 G 0
Cran |&ir\;il}
Amphipods 2.6 2.0 61.0 1.5 Lo 1.0 102 7.0 0 34 10 130 7.8 ( 28.2
Decapod larvae ) Q 03 0 0] 0 0 0 0 0 U] 0 1] 0
Cumacean 0 0 0 O 0 0 0.8 0 2.0 26 1.0 U 0.6 U] 0.2
Cirripedia 0.8 0 0 0 Q 0 0 0 0} 0 0 0 0 (] 0
larvae
Oikopteura sp. 2.3 0 0 ( 0 0 0 0 0 0 0 0 1.6 4.0 0
Sample size 5 1 1 2 1 1 5 2 1 10 1 1 5 3 5
However, larger fish did consume larger meals {as Discussion

cxpressed by the covariale stomach content weight:
p < 0.05) and, for chum in particular, as sizc in-
creased with ime (Figure 5), larger lcod ilems be-
came more common in their dict. For example,
copepod consuinption was greatest early in the vear
(March-Vay) and declined with increased con-
sumption of larger prey species such as amphipods
and cumaccans (Table 2). However, seasonal var-
iation in the type of food available mayv also have
had an effect on diel.
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Our study clearly shows use of nearshore marine
habitat by fish in outer Burrard Inlet. These sites
were used by salmon and other fish species, par-
ticularly during the spring and summer when both
species abundance and total fish abundance were
greatest. Similar trends found by Gordon and Tey-
ings (1984} in the Fraser River esluary were cor-
related to the increased temperatures at this time
of year. The 29 species of fish identified in Burrard



Injet in this study were among the 37 species iden-
tified by Greer ef al. (1980) and the 57 identified
by Gordon and Levings (1984), al the mouth of
the Fraser River estuary. Inshore fish populations
in estuarics around the world typically have mod-
est species diversity with a dominance of the lotal
number of individuals by a few species (Haedrich
1983}. Most of the non-salmonid species are of no
commercial importance, except for Pacific herring
and eulachon (which were rare in our samples) and
Fnglish sole. However, many of these species, such
as Pacific sand lance, starry flounder, kelp green-
ling (Hexagrammos decagrammus), and surfl smelt
{Hypomesus pretiosus pretiosus) are important in the
diels of juvenile salmon (Hart 1973} and sea hirds
(Hay et al. 1989).

For the juvenile stages of salmon, sand lance,
pile perch and many species of flatfish, the study
gites scrved as a transit arca, where temporarily,
feeding and other activities associated with rear-
ing (e.g.. predator avoidance) likely oceur. Juve-
nile wild and hatchery coho and chinook salmon
and steelhead produced in Burrard lnlet streams
musl pass through Burrard Inlet during their sea-
ward migrations. Juvenile salmon produced in the
Fraser River are also known to enter outer Bur-
rard Inlet (K. Conlin unpublished data). Subse-
quently, the salmon will move offshore (Healev
1980, 1982) and many of the flatfish species will
move to deeper water {Ketchen 1956; Hart 1973).

Other species are present in shallow nearshore
areas for a substantial period of the year. These
were frequently small species such as speckled
sanddab, threespine stickleback. sculpins. gunnels
and pipetish. Further study of the residence limes
of mdividuals of cach species is required in order
to determine which species remain nearshore for
their entire lives. Threespine sticklebacks and Pa-
cific staghorn sculpin are found throughout the year
on tidal banks at the mouth of the Fraser River
(Gordon and Levings 1984). Presumably, near-
shore habitals provide feeding opportunities and
protection from predation. However, nearshore
populations of prey fishes in midwinter, albeit in
lower numbers than in warmer months, may pro-
vide an essential foed source for birds overwinter-
ing in the Strait of Ceorgia (Vermeer 1983).

COur samples include immature individuals of
many species that were also captured as adulis.
Immawure individuals of starry flounder, sand
lance, and tidepool sculpins were captured in Lhe
spring and carly summer, suggesting that the adults

of these species, that were captured in the winter
or early spring, were in nearshore waters Lo spawn
(Hay et al. 1989). These patierns are consistent
with ohservations of starry flounder on Roberts
Bank (Gordon and Levings 1984} and the spawn-
ing times reporled by Harl {1973). A species
closcly related to the tidepoeol sculpin {(sharpnose
seulpin, Clinocottus acuiiceps) has been observed
spawning in Vancouver Harbour from January
through April (Marhiave 1981). The immature
stages of threespine sticklebacks and speckled
sanddabs in Burrard Inlet and threespine siickle-
backs at the mouth of the Fraser River {Gordon
and Levings 1984) occur in mid summer, suggest-
ing that they spawn during the spring in the Van-
couver area. Threespine sticklebacks are reported
to spawn from April to September (Scott and Cross-
man 1973), and may have two spawning peaks
(April-May and late August}, in marine water near
Vancouver {Dr. TY. McPhail. University of British
Columbia, personal communication}.

Juvenile pink salmon were not caught in our
study because spawning runs in southern British
Columbia generally oceur in odd-numbcered vears,
with the downstream juvenile migrations in the fol-
lowing even-numbered years. We would expect sig-
niflicant numbers of juvenile pink salmon in our
study area during the spring of even-numbered
vears (Heard 1991).

The scarcity of juvenile sockeye salmon in our
study was expected because adult sockeye escape-
ments 1o Burrard Inlel streams are very low, The
few that we caught during this study may have
come from the Fraser River. Juvenile sockeye do
nol ulilize the nearshore marine environment to a
great extent (Healev 1980. 1982). Few are found
in the littoral zones at the mouth of the Frascr River
despite a large sockeve salmon outmigralion each
spring (L.evy and Northcote 1982, Gordon and
Levings 1984). Steelhead were also scarce in our
study. There are relatively low escapements of
sleelhead to Burrard Tnlet strcams, and they may
not use nearshore areas for transit 1o offshore
habitats. Incrcascd sampling in different regions
is needed 1o evaluale the importance of Burrard
Inlet to steclhead.

Only a small number of juvenile coho salmon
were caught in this study, and only in May and
June, despile the large numbers that are produced
in Burrard Tnlet strcams (both from natural spawn-
ing and haicheries). While coho salmoen frv have
peen shown to prolong residence in inner estuarine
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regions during spring and summer (Tschaplinski
1988}, other studies, such as Healev (1980} in the
outer Nanaimo River estuary, McCabe et al, (1983}
in the Columbia estuarv and Levy and Northcote
(1982) in the Fraser River estuary, have shown
that juvenile coho salmon fry and smolis (14} do
not utilize outer estuaries and nearshore marine
areas (such as our stud_v area) to a greal extent,
Coho tagged and released from the Capilano
Haichery were not recaptured six days later dur-
ing our first sampling trip. They may have re-
mained in the Capilane estiary, or more likely
maved offshore. out of reach of our nets. Tn 1979,
Conlin (P. communication) caught several juvenile
coho salmon. with Capilano Haichery tags. at two
sites within our study arca. However, he found thal
captures of tagged coho salmon at sites through-
out Burrard Inlet dropped off very quickly two Lo
three days after their release from the hatchery,
A more intensive sampling schedule may be re-
quired 10 document habitat used by coho and the
timing of their outmigration.

In our study. chinook salman first appeared as
60+ mm smolts in May and were present until
September (L10+ mm), although numbers were
relatively low in August and September. Peak den-
sitics in May and June were lower than those
reported in Fraser River tidal channels by Levy
and Northeote (1982) (0,10 vs. (.18 individuals/
m’, using different sampling methods). Similar sive
ranges and residency periods were observed in
shallow marine locations adjacent to the Campbell
River estuary (Levings et al. 1986), in the outer
cstuary of the Nanaimo River (Healey 1982) and
in the Columbia River estuary (MeCabe et al.
1983). Chinook salmon in the outer estuary of the
Yaquina River estuary, Oregon, are abundant from
June to September, although lower numbers were
caught throuzgh October and November (Myers and
Horton 1982).

On the tidal banks al the mouth of the Fraser
River, juvenile chinook salmon were first captured
in March or April (Cordon and Levings 1984) with
peak abundance in May {Conlin ez al. [982). Al-
lowing for estuarine residency times of up to 30
days (Levy and Northcote 1982), these fish, and
chinook salmon from other nearby systems, could
conceivably begin Lo appear in the adjacent littoral
zones of Burrard Tnlet in May. The absence of
tagged chinook salmon in our study indicates that
few, il any, Capilano Hatchery chinook were pres-
cnt when we sampled. However, in Conlin's un-

74 Macdonald and Chang

published study in 1979, tagged juvenile chinook
salmon from the Capilano Halchery were captured
at two sites within our study area. Hatchery releascs
occurred 17-62 d hefore we began sampling and
thus we may have been Loo lale to sample the peak
outmigration of these {fish from Burrard Inlel. Al-
Lernatively, they may have attained a sufficient size
to have moved 1o deeper water, hevond the reach
of our nets. Juvenile chinook salmon captured hy
purse seine ofl the mouth of the Fraser River had
begun to move to deeper water al a length of 50-55
mm; 10 mm longer than those captured by beach
seine in shallower water (Levings 1982).

By far the most abundant of the juvenile
salmonid species in our study was the chum
salmon, present from March 1o Augustl. There were
two peaks in abundance (March and May) during
which the density of chum salmon at our sites ex-
ceeded that recorded in tidal channels in the lower
Fraser River estuary (0.14 vs. < 0.60 individuals/
m*, Levy and Northeote 1982, using a different
sampling method). While the two peaks in abun-
dance may be due to sampling variability, they may
also reflect different outmigration strategies. A simi-
lar pattern in abundance was found by Healey
(1982) in the ouler estuary of the Nanaimo River.
The initial peak in March in our samples may rep-
resent juveniles that dispersed scaward immedi-
ately alter reaching the river mouths (Mar-Apr. in
the Fraser River, Levy and Northeote 1982. Gor-
don and Levings 1984}, while the later, larger peak
beginning in May may represent juveniles that have
reared in estuaries prior to migrating lo marine
areas. Levy and Northeote (1982) have recorded
chum remaining in an estuarine tidal channel com-
plex for up to 11 days. The main peaks in abun-
dance of chum salmon in the outer Fraser and
Nanaimo River estuaries and in shallow marine lo-
cations in the Gulf Islands {southern Georgia Strait}
were also found to occur in May-June (Healey

1980, 1982, Gorden and Levings 1984).

There was a general increase in mean size of
juvenile chum in our samples from March (when
they first appeared in samples) until early June,
We do not know if this was due entirely to growth,
since we have no information on the residence
times of individual fish at the study sites, although
stomach analyses indicated that chum we captured
were feeding during the period they were present,
The lack of size increase in tater samples is prob-
ably due to emigration of larger fish 1o sublittoral
and cventually offshore areas.



Emigration from estuarine and marine near-
shore areas by chum and chinook salmon is likely
related to size (Levings 1982), and possibly abun-
dance, occurring at approximately 5.0-6.0 cm and
12.0-17.0 em by chum and chinook salmon
respectively iMvers and Horlon 1982, McCabe et
al. 1983). During periods of peak fish abundance
in arcas. when potential competition for limited
food resources is highest. offshore movement may
be related to availability of preferred prey organ-
isms. Levings (1982) found juvenile Fraser River
chinook salmon to feed selectively on the larger
ilems available in the water column. Simenstad and
Sale {1982h) suggested the presence of large
pelagic copepods in sublittoral arcas may explain
offshore movement of chum salmon in the Hood
Canal, Washinglon State. However, studies by Ger-
rath (1963), Stockner and CLff (1979) and unpub-
lished observations of zooplankton population
growth by stafl of the West Vancouver Laboratory
lound that zoaplankton abundance in outer Bur-
rard Inlet was highest in spring and summer. As
the period of greatest fish abundance oceurs when
tood resources are greatest, competition is unlikely
Lo be the main force driving emigration from near-
shorc areas.

Stomach content analvses in our study indicated
that most fish were leeding throughout the period
during which they were caught. Meal weight and
size of individual prey items increased as the sca-
son progressed and the fish grew. This was also
observed by Karpenko (1982). Small sample sizes
ol most fish species and lack of residency time in-
formation prevents us [rom making firm conclu-
sions regarding interspecific diet overlap or the
importance of nearshore zones for feeding and
growlh. However, based on the species of prey
identified. it is apparent that a variety of habitats
act as a source of foad for fish eaptured in littoral
zones. Fpibenthic habitals support harpacticeid
copepods, cumaceans, and amphipods that are
found in the diets of a number of fish species cap-
tured in this stucly. including chum salmon. Other
investigalors report similar findings (TTcaley 1979,
1982, Bailey et al. 1975, Simenstad and Salo
1982). Food of planktenic origin, commenly found
in the diets of sand lance and other species. may
have been produced in Burrard Inlet or drifled with
lidal currenis from other Strait of Georgia locations,
Freshwater habitats are also important, providing
cladocera and insects found in the stomachs of fish
in nearshore habilats. Insects are more important

in diets of fish captured al the mouth of the Fraser
River than those captured in our study (Levings

1982).

The study area is located within the metropoli-
tan Vancouver area. The land adjucent to the study
sites 1s a residential arca. which is not subjcet to
the more disruptive elfects of industries and port
facilities located in the inner basin of Burrard In-
let. Nevertheless, walerfront residential areas are
subject to development pressures thal could alter
the nearshore fisheries habitat. Such alterations,
inciuding filling of shallow arcas. dredging, build-
ing of shoreline protection works and construction
of marinas, boat launching ramps, seawalls and
foreshore parks, can decrease the ability of these
arcas to support fish. Tn addition to the threal of
physical habitat alteration, nearshore marine areas
and creeks adjacent 1o urban arcas are subject o
inereased threats from pollution, both from land
sources and from ships.

This study has shown that nearshore marine
areas, such as our sampling sites, are utilized by
salmon and other fish species despite urbanization
of the adjacent land. While salmon and most other
species occupy these areas most heavily in the
spring and summer. other species of fish are pres-
ent throughout the year. These sites serve as nurs-
ery areas for the juvenile stages of many fish
species, while some species spend their entire lives
in these nearshore zones. Most fish that use this
zone as a nursery arca are likely produced in Bur-
rard Inlet or nearhy streams. Towever. the outer
Burrard Inlet region also has some importance as
a rearing arca for Fraser River salmon stocks, pos-
sibly including some of the sockeye, chinook and
coho salmon captured during this study (Conlin,
unpublished report}. While salmon were the only
abundant species that were commercially impor-
tant, other species present may be important 1o
support the salmon’s food web and ecosystem. The
destruction or degradation of such areas can there-
fore have significant harmful effects on fisheries
FCSOUrCes,
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