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ABSTRACT

Bocking, R. C., J. R. Irvine, and R. E. Bailey. 1991.
Enumeration and coded-wire tagging of coho salmon
(Oncorhynchus kisutch) smolts leaving Black Creek, French
Creek, and the Trent River on Vancouver Island during 1989.
Can. Manuscr. Rep. Fish. Aquat. Sci. 2115: 103 p.

Coho salmon smolts leaving Black Creek, French Creek,
and the Trent River between April 13 and June 23, 1989 were
trapped and coded-wire tagged. At Black Creek, 29,476 coho
smolts were tagged, 12,173 smolts were tagged at French Creek,
and 12,321 smolts were tagged at Trent River. We estimate that
an -additional 300, 100, and 500 untagged smolts emigrated from
Black Creek, French Creek, and the Trent River, respectively.
Mortalities due to trapping and tagging were low (0.4 - 1.3%).
Most smolts were age 1 and only at Black Creek did age 2 smolts
contribute significantly (23.8%). Black Creek smolts were larger
than French Creek smolts, which were larger than Trent River
smolts. At each system, but especially at Black Creek, there was
a decrease in the mean size of smolts during the run. This
decrease has also been observed in previous years, and appears to
be due to age 2 smolts emigrating earlier than age 1 smolts.

When averaged over the run, sex ratios were not significantly
different from 1:1. Fence trapping efficiency tests proved
unreliable and suggested that trapping efficiencies were much
lower than could reasonably be expected.



RESUME

Bocking, R. C., J. R. Irvine, and R. E. Bailey. 1991.
Enumeration and coded-wire tagging of coho salmon
(Oncorhynchus kisutch) smolts leaving Black Creek, French
Creek, and the Trent River on Vancouver Island during 1989.
Can. Manuscr. Rep. Fish. Aquat. Sci. 2115: 103 p.

Des smolts de saumon coho des ruisseaux Black et French
et de la riviére Trent ont &été capturés et marqués avec des
micromarques magnétisées codées au cours de leur avalaison, du 13
avril au 23 juin 1989. Les nombres de smolts marqués sont les
suivants : 29 476 au ruisseau Black, 12 173 au ruisseau French et
12 321 a la riviére Trent. Nous estlmons que 300, 100 et 500
smolts supplémentaires non marqués ont descendu les ruisseaux
Black et French et la riviére Trent, respectivement. La
mortalité attribuable & la capture et au marquage était faible
(entre 0,4 et 1,3%). La plupart des smolts étaient d’age 1; les
smolts d'dge 2 n’étaient présents dans une assez forte proportion
(23,8%) que dans le ruisseau Black. Les smolts les plus gros
étaient ceux du ruisseau Black et les plus petits, ceux de la
riviére Trent. Dans chacun de ces cours d’eau, mais tout
spécialement dans le ruisseau Black, la taille moyenne des smolts
diminuait au fur et a mesure que le période de l'’avalaison
avangait. Le méme phénoméne avait été observé les années
précédentes et s’expliquerait par le fait que les smolts d’age 2
descendent plus td6t dans la saison que ceux d’adge 1. Le rapport
moyen des sexes pour toute la période de l’avalaison n’était pas
significativement différent de 1:1. Les tests visant a évaluer
lréfficacité des barriéres pour la capture des smolts ont montré
qu‘elles sont peu efficaces, et laissent entendre que les taux de
capture étaient beaucoup plus bas que ceux auxquels on pouvait
ralsonnablement s’attendre.
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INTRODUCTION

Accurate estimates of spawning escapements and fishery
exploitation rates are necessary to monitor the effectiveness of
fishery management plans. To aid in estimating exploitation
rates, large numbers of juvenile Pacific salmon are marked using
binary coded-wire tags and released each year (Kuhn et al. 1988).
This is a particularly onerous task for coho salmon (Oncorhynchus
kisutch) since there are approximately 1000 discrete wild stocks
in B.C. (Aro and Shepard 1967). To circumvent this problem, it
has been suggested that coho populations of a few streams be
intensively studied to determine if one coho stock in a defined
geographical area can be used as an indicator stock for nearby
stream populations (Symons and Waldichuk 1984). These indicator
streams could then be monitored for escapement levels, smolt
production, and harvest contributions, and more reliable
stock-recruitment relationships would be developed.

In 1985, eight streams with hatchery, wild, and
enhanced coho populations were chosen for an index study along
the east coast of Vancouver Island, in Statistical Area 14. Of
the selected systems, five had established hatchery facilities
and three were natural systems. The three natural streams
selected were Black Creek, French Creek, and the Trent River
(Figure 1). Each fall since 1985, adult counting fences have
been operated on these three streams for enumeration of coho
escapements. Mark-recapture studies have also been carried out
each year as a second escapement estimate. In the spring of each
year smolt enumeration fences have been used to monitor and
coded-wire tag the outmigrating coho smolts (Labelle 1990,
Fielden et al. 1989).

This report presents the results of the 1989 coho smolt
enumeration program conducted at Black Creek, French Creek, and
the Trent River. Major objectives of the research were to:

1. Document the size and age distributions of the
smolt outmigrations from each system,
2. Obtain results which will enable an examination of

the relationship between adult escapement and
smolt production,

3. Coded-wire tag various smolt migration timing and
size groups, and
4. Evaluate the effectiveness of fry outplanting.

Achievement of these objectives involved the operation
of fences installed to monitor the downstream migration of
juvenile salmonids, enumeration of all outmigrants, length,
weight, and age sampling of coho smolts, and coded-wire tagging
of as large a portion of the coho smolt population as possible.
At Black Creek and French Creek, all tagging related data were
stratified into tagging periods (Table 1) and all biophysical
data were stratified into the broader sampling periods of April
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13 - May 10, May 11 - June 2, and June 3 - June 23. At Trent
River there were only 2 tagging and sampling periods; April 30 -
May 24 and May 25 - June 17.

STUDY STREAMS

Black Creek is a small stream on the east coast of
Vancouver Island, approximately 30 km north of Courtenay
(Figure 1). The creek is 26 km long, and averages 5-6 m in
width. The watershed area is approximateély 72.5 km?. The creek
begins in the higher elevations of Mount Washington, and flows in
a northeasterly direction to Elma Bay, in the Strait of Georgia
(Figure 2). The intertidal section near the mouth is narrow,
short (<0.5 km), and relatively flat with sand and mud
substrates. The creek varies from a steep gradient mountain
stream at higher elevations, to a sluggish meandering stream
flowing through agricultural land and swamps, with dense
overgrowth of vegetation in its lower elevations. In the lower
reaches, the creek includes many lakes, swampy depressions,
beaver ponds and several tributaries including Millar and Sayer
Creek. Peak discharge is known to reach at least 30 m?’/s during
fall and winter floods after heavy rainfall. During summer,
stream flow may decrease to negligible levels and cause some
sections in the lower reaches to be completely dry.

Black Creek supports resident and anadromous
populations of cutthroat (Oncorhynchus clarki), and rainbow trout
(0. mykiss), as well as a considerably larger population of coho
salmon. For its size, Black Creek is an exceptionally good cocho
producer. During the past 10 years, escapements have been
reported to reach 8,400 coho, but fishery officers reported
nearly twice this figure in some years-prior to 1975 (Hancock and
Marshall 1985). Coho smolt production in 1978 and 1979 averaged
48,900 (Clark and Irvine 1989). Labelle (1990) estimated that
during 1985, 1986, and 1987, approximately 57,700, 43,900, and
70,000 smolts were produced. In 1988, about 77,000 smolts left
Black Creek, and most of these were coded-wire tagged (Fielden et
al. 1989).

French Creek is a small stream on the southeast side of
Vancouver Island, starting from the eastern slopes of Mount
Arrowsmith, and flowing northeasterly until it connects with the
Strait of Georgia 2 km west of Parksville (Figure 1). The creek
is approximately 20 km long and averages 12 m in width in its
middle sections (Figure 3). The intertidal section is
approximately 1 km long, 100 m wide, and is characterized by the
presence of several small channels meandering through mud flats.
Numerous small falls exist in the mainstem from 7-13 km above the
mouth. A fishway was installed in 1961 to facilitate passage
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over one of the larger falls. The creek branches into two major
sections 12.5 km upstream from the mouth, with most of the West
fork being inaccessible to the fish because of a 12 m high falls
located 400 m upstream from the confluence. Further upstream,
the East fork splits into several sections where logging activity
takes place. French Creek is characterized as having large
seasonal fluctuations in water levels. Discharge during winter
floods may exceed 60 m®/s, and usually decreases to negligible
levels during summer.

Mainly because of the abundant vegetation cover, French
Creek is a good coho producer, with annual escapement reaching
3,500 fish in the previous 10 years (Hancock and Marshall 1985).
Chum salmon (O. keta) also spawn in the river, but fishery
officer records indicate that chum escapement has declined
considerably during the last 10 years to a maximum of 250 fish.
The stream also supports resident and anadromous populations of
cutthroat, and rainbow trout.

An attempt to enhance the coho population was initiated
in 1982 with the construction of a small hatchery near the
counting fence (Figure 2). Since then, local volunteers have
conducted habitat surveys, collected broodstock, and have raised
salmon for subsequent releases into the creek. 1In 1988, fry were
released into the system at Dudley Marsh (Table 2).

Labelle (1990) estimated about 32,000 and 27,000 coho
smolts left French Creek during the spring of 1986 and 1987
respectively. Substantial numbers of rainbow and cutthroat trout
were also captured in the smolt traps during these seasons. In
1988, about 29,000 coho smolts left French Creek (Fielden et al.,
1989).

The Trent is a medium river on the eastern side of
Vancouver Island south of Courtenay (Figure 1). The river begins
in the Beaufort Mountain range and flows in a northeasterly
direction until it enters the Strait of Georgia at Comox Harbour
(Figure '4). The total length of the Trent River, including
several tributaries in the upper reaches, is approximately 30 km.
The intertidal section of the river is approximately 1 km long
and 30 m wide. Seven kilometres upstream, Bloedel Creek connects
to the mainstem, but is inaccessible to adult coho because of a
series of falls and cascades in the lower sections. Two
kilometres beyond this connection, a 15 m high falls prevents
fish from reaching the upper sections of the river, including its
two tributaries; Tremain Creek and Idle Creek. The main section
of the river below the falls is 9 km long, with an average width
of 16 m. Steep and high banks with very little overgrowth are
found along the main section of the river. Throughout most of
this area, cover for fish is mainly in the form of instream
boulders and logging debris, which is particularly abundant in
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the 1-2 km section upstream of the river mouth. The river bed is
composed mostly of bedrock with rocky outcrops and boulders.

Seasonal fluctuations in water levels are pronounced,
and large floods are common particularly during the winter
period. Flows exceeding 150 m?/s have been recorded during fall
and winter months, causing extensive gravel movement, logjam
shifts, and scouring in the lower reaches (Labelle 1990). During
the summer, flows occasionally decrease to negligible levels,
with several sections in the lower reaches becoming dry.

Because of the lack of cover, spawning substrate, and
rearing habitat, the system is not a good coho producer. During
the 1974-1984 period, coho escapements rarely exceeded 350 fish
(max. 1,000, Hancock and Marshall 1985), while those of chum
salmon reached 3,000 fish. The river also supports resident and
anadromous populations of cutthroat, and rainbow trout, as well
as a small number of pink salmon. Attempts have been made to
enhance coho and steelhead by stocking the Bloedel Creek and
Bradley Lake tributaries. Members of the Courtenay Fish & Game
Club have been releasing juvenile coho on a regular basis since
1981. 1In 1988, fry were released into the system in 4 areas; 1)
the upper mainstem above the main falls, 2) China Creek, 3)
Bloedel Creek, and 4) Bradley Lake (Table 2).

Labelle (1990) estimated that approximately 16,000,
14,000, and 22,000 coho smolts left Trent River during 1985,
1986, and 1987 respectively. In 1988, the smolt production was
about 23,000 (Fielden et al. 1989).

METHODS

FENCE OPERATIONS

We operated downstream juvenile fences (Conlin and
Tutty 1979) at Black Creek from April 13 to June 23, 1989. The
Black Creek smolt fence was a V design and was installed
approximately 20 m downstream from the Seaview Road bridge, 0.5
km upstream from the mouth, with 3 trap boxes located just
upstream of the adult fence abutments. This location is beyond
tidal influence and has a stream width of 16 m. The stream bed
is stable and composed of a mixture of small rocks, cobble and
gravel. This is the same location used previously by Clark and
Irvine (1989), Fielden et al. (1989), and Labelle (1990).
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Six holding boxes were located downstream of the trap
to hold coho smolts for sampling and tagging. A separate trap
consisting of a broomstick panel, 4 m long, that extended from
the stream bank to one side of the juvenile trap boxes was
installed to intercept steelhead adults moving upstream.

On June 19, because of extremely low water levels, a
sandbag dam was built across the wetted width of the creek on top
of the adult fence concrete foundation, just below the downstream
fence. The dam was made 'fish tight’ with plastic sheeting and
gravel. A tunnel of Big-0 tubing was constructed at the deepest
part of the dam (at the adult fence trap box site) to direct
water and fish into a single trap box. The trap box was situated
just behind the dam in about 0.5 m of water. This arrangement
allowed the continued trapping of coho smolts until June 23.

' At French Creek, we installed a V fence approx1mately
1.5 km from the river mouth (Fielden et al. 1989, Labelle 1990),
above tidal influence. Stream width is approximately 20 m, and
the stream bed is composed of gravel, cobble, and small rocks.
The upstream end of the fence was near the adult fence abutments.
The French Creek smolt fence was operated from April 17 to June
17.

Four holding boxes were used at French Creek for
sorting, sampling, and tagging. These were located just
downstream of the smolt trap. An adult trap, similar to that
described for Black Creek was also installed to facilitate
passage and capture of upstream migrating adult fish.

At the Trent River, 2 W style fences were installed
approximately 400 m upstream from the Highway 19 bridge. At this
location, the mainstem splits into 2 channels around a small
island. This location has good access and lies beyond tidal
influence. The presence of 2 distinct channels required the
construction of 2 separate structures, each operated
independently. At these locations, channel widths ranged from 20
to 50 m, with a stream bed characterized by an unstable mixture
of rocks, cobble and fine gravel. The Trent River fences were
operated from April 30 to June 17.

Four holding boxes were required at the Trent River and
were located downstream of the smolt trap on the north channel.
An adult trap box was also placed at the upstream apex of each
‘W’ configuration to intercept any upstream steelhead migrants.



BIOPHYSICAL OBSERVATIONS

We recorded water temperatures, water levels, and
weather conditions daily between 07:00 and 09:00 h. A maximum-
minimum thermometer (i 0.25°C) was used to measure daily
fluctuations in temperature.

Water levels were monitored to the nearest 0.01 m.
Water levels at Black Creek were recorded from two staff gauges,
one located 200 m upstream from the Seaview Road bridge and
outside the influence of the smolt fence, and one located at the
Seaview Road bridge within the influence-of the fence. Data
presented in this report are from the former. Water levels at
French creek were also recorded from two gauges, one located at
the adult fence abutment (within the influence of the smolt
fence), and one located 100 m downstream of the juvenile fence
(outside the area of influence). The data presented in this
report are from the latter. The staff gauges on the Trent River
were located 100 m downstream from the E&N railway trestle (150 m
upstream from the smolt fences) and at the highway bridge (200 m
downstream of the fences). Both these gauges were outside the
influence of the smolt fences. Only data from the former are
presented here.

Discharge measurements for Black Creek and French Creek
were obtained from the Water Survey of Canada (Stations #08HD014
and #08HB038). Discharge of the Trent River was estimated under
3 separate flow conditions between April and June of 1989, and on
2 occasions between October and December of 1989, near the upper
staff gauge. Measurements were made using a Gurley No. 625 Pygmy
type current meter, except on one occasion of high flows when a
Gurley 650 metre with 35 1b bomb was deployed from the Highway 17
bridge. Water depths and velocities were recorded at 1 m
intervals along each transect. Velocitlies were measured at 0.6
times the depth from the water surface.

The percentage cloud cover, wind direction, and wind
speed were estimated visually. Precipitation strength was
recorded on a scale of 1 to 5 with 1 being zero precipitation and
5 being heavy precipitation.

TRAPPING EFFICIENCY

The trapping efficiency of each fencé was estimated
twice, with approximately one month separating each test. 1In
most cases, the caudal fins of between 100 and 150 coho smolts
were clipped and these fish were released about 150m upstream of
the fence. The one exception to this was for the first
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efficiency test at the Trent River, when 295 smolts were released
upstream. Different caudal fin clips were used for each test in
each system (upper and lower caudal). Smolts subsequently
captured at the fences were carefully examined for fin clips.

FISH ENUMERATIONS

Each morning, at each site, all of the coho smolts
captured since the previous day were placed in a mild anaesthetic
(2-phenoxy ethanol) and the number of coho smolts was recorded,
including mortalities. Coho smolts were ‘identified as juveniles
>70 mm in length. Coho smolts at Black Creek were counted as
either small (<120 mm in length) or large (>=120 mm in length).
Coho smolts at French Creek and the Trent River were counted as
either wild (no obvious fin clips) or hatchery outplants (various
fin clips depending on release date or location, Table 2). Aall
hatchery outplanted coho smolts were identified according to the
various fin clips (i.e., left ventral, right maxillary, etc.).
Counts of the number of coho caught were verified by the tagging
machine count. '

All other downstream migrating fish were counted and
released below the fence. We assumed that any adult cutthroat or
steelhead caught in the downstream traps were kelts (spawned
out). Upstream migrating steelhead trout caught in the
broomstick traps were counted and released above the fence.

BIOSAMPLING

) A random sample of up to 25 coho smolts were selected
from each day’s catch. These fish were anaesthetized in 2-
phenoxy ethanol, measured for fork-length and weighed using a
Libra 65001 scale (+/- 0.1 g). The mean smolt lengths and
weights were calculated for wild and outplanted smolts, each age
class, and sampling period. A final stratified mean for the
entire run was determined according to methods described in
Cochran (1977).

Scale sampling procedures followed the stratified
method of Ketchen, described by Ricker (1975). We attempted to
collect 10 scale samples from each 5 mm size class of smolts
within each tagging time period (described below). Smolts of the
required sizes were collected from the catch when random samples
failed to provide the necessary sizes. On some days, when water
temperatures were high, catches were high, and/or the fish
appeared stressed, fish that were sampled for length and weight
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were released untagged to reduce the potential for mortalities. .

Scale samples were interpreted by personnel at the Department of

Fisheries and Oceans scale lab at the Pacific Biological Station.
Ages of smolts were stratified by sampling period.

Approximately 150 coho smolts were also sampled from
each system for sex ratios. These fish originated largely from
mortalities incurred during the trapping operations or from tag
placement checks. We stratified the sex samples into the three
main sampling periods throughout the smolt migration.

CODED-WIRE TAGGING

Coho smolts were removed from the smolt trap bozxes,
sorted according to size (Black Creek) or origin (wild versus
outplants at French Creek and the Trent River), and held in
holding boxes out of the main stream current until tagging.
Smolts were never held longer than 36 hours prior to tagging.
Coded-wire tagging was performed by an experienced tagger using a
Northwest Marine Technology Ltd. Mark IV tagging machine. All
tagged fish had their adipose fins removed. Two-phenoxy ethanol
was used to anaesthetize the smolts prior to tagging. Tag timing
periods for each system (Table 1) were established during the
1988 study season (Fielden et al. 1989).

Black Creek coho smolts were tagged with separate tag
codes during seven different run timing periods (Table 1).
Within each tagging period, smolts greater than or equal to 120
mm, and smolts less than 120 mm were also tagged with different
codes. Smolts were anaesthetized and then sorted by hand into
the two size categories. Smolts from one of the size categories
were then tagged while the other size category was held in a
separate holding pen for tagging later in the day.  This latter
group of smolts was, therefore, subjected to two anaesthetic
baths. No differential mortality was observed between the two
size categories over a 24 hour holding period. 1In total, there
were 14 different tag codes used at Black Creek. Tagging at
Black Creek was done daily, except for a few instances when
smolts were held for 2 days before tagging.

The French Creek wild coho smolt migration was divided
into 4 timing periods. Smolts migrating within these timing
periods were tagged with different codes (Table 1). In addition,
we tagged all hatchery outplanted coho with a single, distinct
tag code. There were a total of five tag codes used at French
Creek in 1989. Wild and ouplanted coho were sorted by hand as
they were dipped from the trap boxes and held in separate holding
boxes until tagging. Tagging was done at French Creek every
second day. :
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There were two tagging periods at the Trent River.
Within each of these periods, coho smolts were tagged as either
wild or hatchery outplants (Table 1). Because of the large
numbers of ouplanted coho smolts, and the four different fin
clips to watch for (Table 2), all coho smolts were sorted under
anaesthetic prior to tagging. The smolts were then anaesthetized
again for tagging. For those smolts held 2 days prior to
tagging, there was a long recovery period (24-36 hours) between
anaesthetic baths. For those smolts captured and tagged on the
same day, there was as little as 4 hours recovery period between
doses. No mortalities were observed either in smolts held 16
hours prior to tagging, or in smolts held 24 hours for tag
retention checks.

TAG RETENTION TESTS

Tag retention checks were performed six times at Black
Creek, twice at French creek, and once at the Trent River. For
all tests, 100 tagged fish were held for 48 hours, then retested
for tag presence.

RESULTS

BIOPHYSICAL OBSERVATIONS

Daily biophysical measurements are provided in Appendix
A. Water temperatures at Black Creek ranged from an average
minimum of 9.3°C in mid April to an average maximum of 16.4°C in
June. Water temperatures at French Creek were somewhat colder,
ranging from a mean minimum of 7.7°C in late April - early May to
16.4°C in June. Water temperatures in the Trent River were
similar to French Creek (Figure 5).

Water levels in each system dropped relatively steadily
over the study (Figure 5). There were no flood events at any of
the systems during the study period. Black Creek water levels
measured at the upstream gauge (No. 2) ranged from a maximum of
50.0 cm recorded April 21 and April 22 to a minimum of 11.3 cm
recorded for June 12 - June 18 (Appendix 1). French Creek water
levels recorded at the downstream gauge (No. 2) varied from a
maximum of 62.0 cm from April 21 to 25.0 cm on June 12 - June 13.
Water levels at the Trent River did not change as much as at
Black Creek and French Creek. Levels recorded at the upstream
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gauge (No. 2) ranged from a maximum of 60.0 cm on April 25 to a
low of 30.0 cm on June 12 (Appendix 1).

Preliminary Water Survey of Canada (WSC) daily
discharge data for the Sturgess Road station on Black Creek and
the Coombs station on French Creek are shown in Figure 6.
Discharge of Black Creek ranged between 0.0 m’s™ and 0.96 m’s™
with the peak occurring on April 22. Discharge of French Creek
ranged between 0.05 m?’s™ and 2.78 m’s™! with the peak on April 21.
Figure 7 shows the st