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Abstract

Seasonal patterns of reshwater hahitat use by coho salmon were documented in two small watersheds on northern Yancouver lsland
over a three-year perod Lo assess the imporiance of small Jakes and non-natal tributaries as rearing and over-wintering arcas. Spawning
oceurred al a limiled number of locations in these systems. Newly-emerged cohe fry moved both upstream and dowastream from
spawning arcas in the Misty Lake system towards Misty Lake. The capture of [y in Long Lake and its outlel stream, where spawning
was nol ohserved, indicated upstream dispersion of fry from the Keogh River. The lakes provided both summer rearing and over-
wintering habitat lor juvenile coho salmon, but their use varied hetween vears. The mainstem Keogh River was used primarily
for rearing during summer. Coha [ry gencrally grew fastest in the lakes and their sulel streams. Cohorts of large fry (mean FL
> 80 mm) did not show over-winter growth. hut the mean sizes of cohorts of small fry (mean FL. < 70 mm) increased over winter,
suggesting size-dilferential mortality. The utilization of smull iributary lakes and streams as both summer rearing and over-wintering
habitat by juvenile coho salmon suggests that more emphasis should be placed on the preservation and management of such areas.
Because use of these habitats may be temporally variable, their importance is easily undereslimaled.

Introduction known. In many coastal river systems, significant
numbers of fry migrate to sea (Mason 1975, Crone
and Bond 1976, Hartman et al. 1982), but ap-
parently make little contribution to adult returns
(Pritchard 1936, Mason 1975, Crone and Bond
1976). Nomadic fry establish residence where
space permits (Chapman 1962), and live in a va-
riety of habiats (Delloff 1987, Murphy et al.
1989). Growth and production vary considerahly
among habilal tvpes (Bilby and Bisson 1987,
Dollofl 1987).

We undertook this study to decument seasonal
patterns of habitat use by juvenile coho in two small
watersheds, one of which was believed 10 be
colonized by fry, and to determine the growth of
juvenile coho in stream and lake habitals within
the watersheds.

In the Pacific Northwest, juvenile coho salmon live
mn freshwater for one to three yvears before seaward
migralion as smolts (McPhail and Lindsey 1970,
Drucker 1972). Because of their long period of
freshwaler residency, patterns of freshwater habi-
tat use are particularly important in the manage-
ment of coho salmon. However, studies
documenting the seasonal importance of various
habitat types are uncommon,

The distribution of spawning habitat for coho
salmon is often clumped within a watershed, re-
quiring the dispersion of lry away from spawning
areas. Major cpisodes of {ry dispersal within fresh-
water include movements during spring in both
downstream  (Chapman 1962) and upslream
{Gribanov 1948) directions, as well as pre-winter

movements into small iributaries and riverine Materials and Methods
ponds (Skeesick 1970, Bustard and Narver 1975, .
Peterson 1982). Downstream dispersion in spring Study Site

may partly result from displacement of fry by
larger, social dominants (Chapman 1962, Mason
and Chapman 1965). Habilal quality alse in-
fluences fry density, and thus dispersion, through
the relatienship helween territory size and food
resources (Mason 1976a, Dill et el 1981).

The use of tributary streams and lakes by coho
salmon was examined in the Misty Lake and Long
Lake drainages of the Keogh River, a small coastal
river on northern Vancouver Island (Fig. 1).
Descriptions of the Keogh River watcrshed and its
fish fauna are given in Johnston et al. (1986,

The importance of fry dispersal 1o the produc- 1987h), Swales ef al. (1988). Ward and Slaney
tion of smolts and adult coho remains largely un- (1988), Irvine and Ward (1989), and Bailey and
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Figure 1. 'The Keogh River drainage, and the Misty Lake and Long Lake sub-druinages, showing the minnow trapping locations
{MT). Large arrows indicale the direction of flow. Insets show the location of the study area within the Keogh drainage
and the location ol the Keogh River drainage on northern Vancouver Island.

Irvine {1991). The Keogh River is 32 km long and
drains a partiallv-logged, conifer-foresied water-
shed of about 130 km?. Large flow variations oc-
cur during the autumn-winter rainy season. Mean

annual discharge is 5.3 mies™
-1

and mean summer
flow is 1.6 m*es™". The maximum estimated flow
is 234 m?ss7l. Between 55,000 and 105,000
{mean="T71,000) coho salmon smolts emigrate from
the Keogh River system annually (Irvine and Ward
1989). Other fish species found in the drainage
include pink salmon (0. gorbuscha). chum salmon
(). keta). steelhead and rainbow trout {0, mykiss),
Dolly Varden char (Salvelinus malma). culthroal
trout (0. clarki), kokanee ({). nerka), coast range
sculpin (Cottus aleuticus), prickly sculpin (€ asper,
threespine stickleback (Gasterostens aculeatus), and
Pacific lamprey (Lampetra tridentatus).

‘The Misty Lake and Long Lake systems drain
into the mainstem Keogh River about 11 km and
13 km upstream of the confluence of the Keogh
River and Qucen Charlotte Strait (Fig. 1). The
Misty Lake watershed comptises Misty Lake and
its inlet and outlet streams, Misty Inlet and Misty
Outlet. The Long Lake watershed consists of Long
Lake and its outlet siream., Long Oullel. The lakes
are small and shallow, and the streams are small
(Table 1). Riparian vegetation is primarily a shrub
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TABLE 1. Physical characteristies of the Misty Lake and Long
Lzke sub-drainages recorded during the study.

Misty  Misty  Misty Long Long
Parameter lniet Lake  (utlet Lake OQutel

Mean width

{m) 2 — 3 — 2
Mean depth

(im) 0.5 2,0 0.5 2.5 0.3
Mean velocity

(emes™) 25 - 45 - 40
Area (ha) - 25.0 - 8.3 -
Shoreline

length (km) 5.3 2.8 2.3 1.8 0.9
Mean gradicnt

(%) 1.5 - 1.0 - <{.5
Temperalure

range (°C) 119 226 215 1.19 3-19

community of salal {Gauwltheria shallon), Red Al
der (Alnus rubra), and willow (Salix spp.). Away
from the streambank, the vegetation is dominated
by Western Hemlock (Tsuga heterophylla), Wesl-
ern Red Cedar (Thija plicata), and Sitka Spruce
(Picea sitehensis). During summer, canopy closure
exceeds 50 percent for each of the streams.
Approximately 40 pereent of the Keogh River




watershed has been logged during the past 40
vears. Logging has nol occurred at any of our study
gites although the Mistv Inlet watershed upstream
of our sampling sites has been logged.

Adult Salmon

To estimate numbers of adult coho salmon, nine
visual surveys were conducted during the fall of
1986 in Misty Outlet downstream of the Rupert
Main road crossing. and in the 250 m section of
Long Qutlet upstream of the Tsland Highway cross-
ing (Fig. 1). The lower-most sections of Misty In-
let also were surveved periodically. During
overview surveys in Misty Outlet upstream of the
Rupert Main bridge. and in Long Outlet down-
siream of Lhe highway crossing, adult coho salmon
were nol seen and little or no spawning habital was
found. Therefore, regular spawner surveys were
not conducted in these regions.

Survey methods for adult coho salmon followed
those of Johnston et al. (1987a). with either two
or three ohservers walking downstream, using 2
m long poles to probe for fish. Carcasses found
were sexed, measured. and slashed to avoid re-
counling.

Coho escapements were estimated as peak daily
counts of live fish, peak daily counts of live fish
plus accumulated carcass counts to that date, to-
tal carcass counts, and the area under the curve
{ALC) of counts of live fish divided by the time
in days that {ish were estimated 1o survive in the
strecam. The ATC estimate used a stream life of
11.4 d obtained from mark-recapture data for
Keogh River coho the previous year {Johnston et

al. 19860).

Juvenile Salmon

Major changes in relative abundance, measured
as catch per unit effort (CPUE), and sizes of juve-
nile coho salmon were estimated with data collected
through a standardized minnow trapping program.
Misty Inlet, Misty Lake, Long Lake, Long Qutlet,
and the mainstem Keogh River about 100 m above
the Island Highway crossing were sampled at 2 10
4 week intervals from November 1985 to April
1987, and al irregular intervals therealler 1o Au-
gust 1988: Misty Outlet was similarly sampled
commencing October 1986 {Fig. 1). Minnow traps
were used as they could he deploved by staff who
had minimal fisheries training. and also because
this technique enabled us to sample pools and

areas ol dense cover where other techniques were
impractical.

The minnow traps and trapping methods were
described in detail in Swales ez @l (1988). On
every sampling occasion, between 15 and 353 traps
{6 mm mesh, 15 mm diameler opening) were
spaced at 3-5 m intervals al each site. Traps were
set on the substrate and a rope extended between
each trap and the hank. Traps were baited with
salmon roe and fished overnight (about 20 h).
Swales (1987) showed that minnow trap catches
of juvenile coho in the Keogh River drainage in-
creased Lo an asymplote at aboul 24 h. According
to Bloom (1976), minnow traps are non-selective
by size of coho over the range from 51 to 100 mm
forklength {FL). In spring 1987, some Lraps were
lined with fine-mesh hardware cloth {1 mm mesh)
to retain newly-emerged frv. Fish captured were
anaesthetized in 2-phenoxvethanol, FL was meas-
ured to the nearest mm, and the fish were released.
Age-at-length was estimated from length-frequency
analyses (Macdonald 1987}, and from scale-aging
samples of fish.

The efficiency of minnow traps in capturing ju-
venile coho may vary both seasonally and among
the various habitat types sampled. Therefore,
differences in CPUE are not necessarily directly
proportional to differences in relative abundance.
Nevertheless, the presence of juvenile coho in traps
at a particular location confirms the use of that site
at a particular fime of vear. Comparisons hetween
the CPUE and mean sizes of juvenile coho salmon
obtained from our minnow trapping and the den-
sities and mean sizes of coho estimated from elec-
wrofishing surveys at the Keogh River site (B. R.
Ward, B. C. Fisheries Branch, unpublished data),
suggest that mean sizes and interannual changes
in abundance are adequately represented by the
minnow trap data.

To examine the movements of newly-emerged
fry. upstream-downstream fry traps similar to those
used by Northcote (1969} were operated between
18 March and 13 April 1987 and from 17 March
to 13 May 1988 in Misty Inlet and Misty Qutlet.
Fry traps {1 mm mesh} were operated along the
stream margins ahout 400 m downstream of the
minnow Lrapping sites (Fig. 1). Approximaltely 20
percent of the stream width was sampled by the
traps in cach instance. These fry traps were
checked daily or on allernate davs depending on
rate of capture. All coho were counted. Fork
lengths were measured on cach occasion, to a

Usc of Tributary lLakes and Streams by Coho Salmon 17




maximum of 25 fry moving in cach direction at
cach sile. Downstream migrating fry were released
at least 1 m below the traps, and upstream migrat-
ing fry were released at least 1 m ahove the traps.
In 1988, approximately half the fry captured mov-
ing upstream at Misty Gutlet were marked {by the
removal of the left pelvic fin) to determine if these
[ry were destined for Misty Inlet. All fiv captured
at Misty Inlet were examined carefully for clipped
fins.

Resuits

We found adult coho salmon in the lower-most 1.5
km of Misty Outlet from lale October until 2 De-
cember 1986, Adult coho were never seen in the
upper portion of Misty Outlet, in Misty Tnlet, or
in Long Outlet.

Estimates of the coho escapement into Misty
Qutlel in 1986 ranged between 31 and 48 fish.
The peak daily count was only 25 live fish, but the
peak daily count of live fish plus accumulated car-
casscs was 31 Ash, and the total carcass count was
also 31 fish. If an observer efficiency for live coho
of about 73 percent (Solazzi 1984, Johnston et al.
1987a) is assumed. the expanded daily peak count
of live fish plus accumulated carcass counts
produced an escapement estimate of 39 fish. The
AUC estimate was 48 fish.

Newly-cmerged coho fry caught in upstream-
downstream traps in the Misly Lake drainage in
carly spring showed directional movement towards
the lake (Tahle 2). Coho fry caught in Misty Out-
let were predominantly moving upstream in both
1987 and 1988. In Misty Iniet, migraling frv were
only caught in 1988 and were predominantly mov-
ing downstcam. These data imply that adult cohe

spawned in Misty Tnlet during the fall of 1987 but
not during the fall of 1986. The few parr caughl
in the upstream-downstream traps in 1988 were
also moving upstream in Misty Outlet, but parr
movemenls were random in Misty Inlel. In 1988,
volked fry were caught in Misty Outlet during late
March and carly April, indicating thal fry emer-
gence oceurred during this period, while fry
emerged slightly later in Misty Inlet (median dates
of capturc of yoked fry = 9 April and 11 April
respectively), and at a slightly smaller size {Table
2, Student’s -test, p <2 0.001}. Few fish other than
coho were caught in the upsiream-downstream
traps.

In 1988, upstream-moving [ry at Misty Outlet
{mean FL = 40.4 mm) were significantly larger
than downstream-moving fry (mean FI. = 38.8
mm) (-test, p < 0.001), but upstream- and
downstream-moving frv did not differ in sizc at
Misty Inlet (t-test, p = 0.38). Although 436 fry
migrating up Misty Outlet in 1988 were marked,
none of these fry were recaptured in Misty Inlet.

Major scasonal trends in the patiern of habilat
vse by juvenile coho salmon can he inferred from
the minnow trap CPUE data (Iig. 2). Both lakes
were used during winter, but the importance of the
lakes for summer rearing varied between years,
Declining CPLE in Long Lake between late win-
ter and early summer probably resulted lrom the
exodus of eoho smolis (Trvine and Ward 1989).
All stream sites were used for both summer rear-
ing and over-wintering. although CPUF in the
mainstem Keogh River during winter was very low.
During summer, CPUE in sireams were consis-
tently greater than CPUE for lake sites. Increases
al each stream site during the spring of 1987 were
the resull of catches of newly-emerged fiv, more of

TABLE 2. Catches of newlv-emerged coho salmon fry and parr in upstream-downsiream traps in Misty Outlel und Misty Lnlel in
spring 1987 and 1988, and the probability of random movement from the binomial distribution,

Numbers Moving

Year Site Mean FL (mm) [Yown Lp Prohability
frv:
1987 Misty Outlet 35280 =2.1) 3 5o < (LO0
Misty Lalet 0 0
19885 Misty Ouilet 399 (3Dh=24) 213 878 < 0.001
Misty Inlet 38.0 (SDh=1.5) 64 17 < 0.001
parr:
1988 Misty Ouilet 72.8(5Db=12.1) 7 22 0.004
Visty Inlet 811 (8SD=14.2) 10 16 0103
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Figure 2(a). CPUE {fishetrap-night™ & 3F) of juvenile cohwo salmon in minnow trap catches in lake and stream
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which were retained than in spring 1986 because
of the smaller mesh size used in the minnow traps

in 1987.

Altheugh coho salmor were generally the most
numerous specics captured in the minnow Lraps
and the only species for which delailed results arc
presented in this paper, other species of fish were
captured. Rainbow trout were commen in samples
from the mainstem Keogh River bul were rare else-
where. Dolly Varden char and cutthreat trout were
relatively commaon in Misty Inlet, Long Outlet. and
long Lake hut were scarce elsewhere. Threespine
stickleback were the most frequently captured fish
in Misty Lake, and were also common in Long
Lake. Sculpins were occasionally captured at
several sites. No evidence of predation on juvenile
coho salmon in our minnow traps was secn.

Changes in the mean sizes of eoho in the min-
now trap catches suggested considerable variation
in growth rates among sites and among years (Fig.
3). Growth rates tended 1o be greatest in the two
lakes and their outlet streams. Growth rales were
lowest alL Misty Inlet, where the size-frequency dis-
tributions and scale aging showed two distinet age-
groups to he present. The among-site differences
in apparent sumener gmwlh rates may pul‘tl}? re-
sult from diffcrences in water temperature, which
were generally higher in the two lakes and lower
at Misty Inlet than elsewhere (J. R. Irvine, unpub.
data). Growth rates in 1987 were lower than in
1936,

For cohorts of fry whose fall mean size ex-
ceeded about 80 mm FL., there was little indica-
tion of over-winter growlh at any sile prior 1o
March-April (Fig. 3). The mean size of smaller fry
(<70 mm), however. appeared 1o increase over
the winter despite low water temperatures.

Discussion

Small tributary lakes and stream areas not used
for spawning nevertheless are important summer
rearing and over-winlering areas for juvenile coho
salmon in the Keogh River drainage. Coho fry in
two tribularies dispersed from isolated spawning
sites to rear in bath lake and stream habitais
throughout the year.

The mechanisms controlling the directional
movement by coho fry towards lakes in lhe Keogh
River drainage are not known. Gribanov {1948}
reported coho fry moved 10 10 15 km upstream
to reach lakes in which they reared over summer.

Mason (1976b) found that [ry emerging from simu-
lated redds exhibited a strong upstrcam response.
Upstream movement of coho fry was not found in
Carnalion Creek, British Columbia (Hartman et al.
1982) which lacks tributary lakes. Downsiream
movemenls of coho frv soon after emergence are
well-known (Chapman 1962, Cronc and Bond
1976, Hartman et al, 1982}, and have been attrib-
uted to the aggressive displacement of smaller fry
by larger, territorial fry {Chapman 1962, Mason
and Chapman 1965, Hartman et af. 1982). Down-
stream displacements of small fry can be induced
when coho are stocked at high densities (Mason
1976a, Bilby and Bisson 1987). In contrast, in-
creased food availability may offsct the effects of
high population density, allowing more fish to coex-
ist {Masen 1976a). Size-based aggressive displace-
ment of fry is unlikely to account for the movements
inferred from our fry trap and minnow trap data
because the mean sizes of fry migraling upstream
towards Misty Lake were the same as or larger than
those of downstream-moving fry. Positive rheotaxis
{(Hoar 1951) cannol be inveked to account for the
ohserved fry dispersal since movement was primar-
ily upstream in Misty Outlet but downstream in
Misty Inlet.

Coho fry moved towards lakes in the Keogh
River drainage soon alter emergence (April), and
were found in near-shore lake habital from early
June onward. Other studies have also recorded the
presence of juvenile coho in lakes during the sum-
mer (Gribanov 1948, Foerster and Ricker 1953,
Mason 1974, Russell et «l. 1981, Hyatt et ol
1984, Ficlden and Holtby 1987, Swain and Holiby
1989). Large numbers of juvenile coho salmon
rear in small lakes in some watersheds. Murphy
et al. (1989) estimated that about 26 percent of
the juvenile coho in the lower Taku River, Alaska
reared in beaver ponds. Because juvenile coho in
ponds and lakes are most abundant in shallow
nearshore arcas (Mason 1974, Swales et al. 1988,
Swales and Levings 1989, the ratio of lake perim-
cter to stream length can be used as an index of
the relative potential importance of these habitats
for coho rearing in a watershed.

The apparent growth of coho fry was fastest in
the lakes and their outlet streams. Similarly,
Fielden and Holtby (1987) found the largest coho
at lake siles within the Cowichan River system,
British Columbia. Bailey and Irvine (1991)

documenled  significant  differences in  hody
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morphology among groups of coho salmon fry from

various

riverine environments within the Keogh

River watershed. However, they were unable to
demonstrate a relationship between the morphol-
ogy of fish from a particular location, and the hab-
itat characteristics of that location.
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The growth rates of juvenile salmonids vary

directly

with temperature {Iwama and Tautz 1981),

and inversely with density (Mason 1976a, Scriv-
ener and Andersen 1984). The higher summer wa-
ler lemperatures and lower relative abundance of
coho observed in tributary lakes in the Keogh River




system may permit coho fry rearing in Iittoral areas
to atlain larger sizes before winter than strcam-
rearing fry, Allernatively, lry in lakes may grow
quicker because of reduced energetic costs as-
sociated with living in environments with minimal
current. Large size is adaplive since over-winter
survival improves with increased body sizc in coho
{(Holthy and Hartman 1982}, as does smolt-to-adult
survival (Hager and Noble 1976). Growth rate also
influcnces the duration of freshwater residence.
The slower-growing coho smolts emigrating [rom
Misty Inlel were comprised of equal proportions
of age 1+ and 2+ fish while 91 percent of the
fasler-growing smolts emigrating from Long Take
were 1+ (Irvine and Ward 1989).

A reduction in CPUE between fall and winter
in the Keogh River suggested a movement of ju-
venile coho out of the mainstem river (Fig. 2.
Other studies have documented autumnal migra-
tions of juvenile coho from mainstem rearing hah-
itat into riverine ponds and small tribularies
{Skcesick 1970, Bustard and Narver 1975, Peter-
son 1982, Tschaplinski and Hartman 1983,
Swales et al. 1986, Brown and Hartman 1988)
which are believed to serve as refuges from un-
lavourable winter conditions such as high dis-
charge. low waler lemperatures, and reduced food
abundance. Low water lemperalure functions as
a eue for juvenile coho 10 seek areas of low water

velocity (Taylor 1988).

Over-winter survival may be greater in lake-fed
tribularies than in mainstem rivers because tribu-
tarics tend 1o be less variable. Large increases in
discharge in the mainstem Keogh River are as-
sociated with winler rains (Ward and Slaney 1988).
Fluctuations in water depth were relatively smalier
in tributary streams such as Misty Qutlet (Johnston
et al. 1987h. their Fig. 2). Coho fiy were virtually
absent from the mainstem Keogh River sarmpling
site during winter (Fig, 2), but remained abundant
in the lakes and tributarics. Over-winter survivals
of 49 to 87 percent have been reported for coho
salmon in ponds {Bustard and Narver 1975, Peter-
son 1982, Swales er al. 1986), bul survival in
stream  habitat was much lower (Bustard and
Narver 1975). Consequently. small lakes may be
major contributors to smolt production in some
watersheds. In 19806, Long Lake produced about
1.700 smols (0.94+m™ of shoreline) compared

to about 765 (0.14*m™) produced by Misty Inlet
(Irvine and Ward 1989).

Swales ef al. (1986) suggested that coho over-
wintering in riverine ponds may conlinue Lo grow.
Cerlainly, juvenile coho can feed at low (2.5°C)
water temperaturcs (McMahon and Hartman
1989). Gur data showed a continuous increase
over the winter in the mean size of cohorts of coho
whose initial size was less than about 70 mm FL,
but fittle change in the mean lengths of cohorls
whose mean FL was greater than 80 mm, This
difference may resull lrom higher over-winter mor-
talities of the smaller fish. The physiological costs
of adaptation to winler conditions are relatively
more severe for small coho frv. Mason (1976a)
found that coho less than 60 mm FL largely
depleted their lipid reserves over winler whereas
larger coho lost only a small proportion of their lipid
rescIves.

The utilization of small tributary lakes and
streams as both summer rearing and over-winlering
habitat by juvenile coho saimon suggests that more
emphasis should be placed on the preservation and
management of such areas. Use of these habitats
is temporallv variable and, therelore, il is easy Lo
underestimate their importance. For instance, adult
coho salmon spawned in Misty Inlet during 1987,
and have been ohscrved in this stream during other
high flow vears (P. A. Slaney, B.C. Fisheries
Branch, 2204 Main Mall, Vancouver, B.C., pers.
comm.), hul apparently did not spawn in this
stream during 1986. Misty Take was more impor-
tant {or juvenile coho salmon during the summer
of 1987 than the summer of 1988. To protect and
manage the freshwater cnvironment of coho
salmon, it is necessary to improve our understand-
ing of the complex patterns of freshwater use of
this specics.
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